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Abstract: A field experiment was conducted to investigate the effect of isoproturon, 2, 4-DEE and their mixtures
on weeds, growth and yield of wheat (Triticum aestivum L.) and to find out the economic viability of different
weed management practices under variable nitrogen levels. The treatments comprised post emergence of
isoproturon (1.5 and 2.0 kg ha ), 2, 4-DEE (0.50 and 0.75 kg ha ), mixture of isoproturon at 1.0 with 2,4-DEE1 1

(0.25 and 0.50 kg ha ), hand weeding and hoeing at tillering and weedy check each at three N(0,60 and 120 kg1

ha ) levels in a factorial combination in randomized complete block design replicated three times. The weed1

community included twelve broadleaved and six grasses with 64.8 and 35.2% relative  density,  respectively.
The weed population decreased whereas weed dry weight increased with increasing nitrogen rate under all the
interactions. Plant height, days to ear emergence and maturity and grains spike  were significantly influenced1

by the main effect of nitrogen and weed management practices. The productive tillers m  increased with the2

successive increase in nitrogen application rates under all the weed management practices. Application of
isoproturon at 1.0 + 2, 4-DEE at 0.5 kg ha  interacted significantly with 120 kg N ha  and gave highest 10001 1

kernels weight, grain (5489 kg ha ) and straw (6443.1 kg ha ) yield and highest net profit (19714 Birr ha ).1 1 1

Key words: Broadleaved weeds  Grass weeds  Isoproturon  Nitrogen  Partial budget 2  4-DEE

INTRODUCTION and abundant growth of weeds and consequently, the

Wheat is one of the major cereal crops grown in the 10- 65 % yield reduction in wheat (2001; Dangwal et al.,
Ethiopian highlands lying between 6 and 16° N and 35 and 2010). Weed control and nitrogen fertilizer are among the
42° E, altitudes ranging from 1500 to 3000m.a.s.l. (Hailu, important factors affecting wheat productivity. Manual
2003). It accounts for more than 11.89 % of the total cereal weeding is the most widely used practice of weed control.
production. In Africa, Ethiopia stands third in area, fourth However, it is laborious, less effective and costly. Further,
in production and ninth in productivity. In Ethiopia, weeds cannot effectively be managed merely through
wheat covered an area of 176302.00 ha with a total physical method due to crop mimicry.
production of 30 billion kg with yield average of 2367.1 kg Herbicides are among the most successful weed
ha  during 2011 (FAO, 2012). About 85% of bread wheat control technologies ever developed. However, the use of1

is grown in south and southeast highlands (Arsi, Bale and a single herbicide may shift the weed flora in favour of the
Southeast Shoa). In Arsi zone, wheat ranks first and it species that are not controlled, thus may increase the
accounts for 30% and 35% of the national  total  crop  area problem in future. Therefore, herbicide combinations are
and grain production, respectively (CSA, 2012). applied to broaden the spectrum of weeds controlled and

Weeds are one of the major constraints in wheat sometimes combinations can give spectacularly good
production as they reduce productivity due to control at doses considerably below those normally
competition, allelopathy and over head costs (Bekele, applied in single application. It may be additive or
2004; Dangwal et al., 2010). The climate encourages rapid synergistic and safer to crops also. Application of 2, 4-

entire crop is heavily infested with weeds. Weed causes
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DEE has been recommended for the control of during the 2012 main crop season. The soil of the
broadleaved weeds in wheat (Singh and Sharma, 1984). experimental site was clay loam with 3.71% organic matter,
The   use  of  isoproturon gives effective control of 0.19% total nitrogen, 15.33 ppm available phosphorus,
grasses  like   Phalaris  minor  but  provides  partial 30.7cmolc kg  cation exchange capacity and pH of 5.7
control of broadleaved weeds (Bajpai et al., 1992). (Table 1).
However, if weeds are not controlled, they may benefit
more than the crop as weeds are more competitive than Treatments and Experimental Design: The twenty four
the crop (Sharma, 1995). Although, nitrogen fertilizer treatments consisted of combinations of three levels of N
effects on wheat productivity have been exclusively (0, 60 and 120 kg N ha ) and eight weed management
studied, further studies on determining the optimum practices viz. isoproturon (1.5 kg and 2.0 kg ha ), 2, 4-
nitrogen levels with weed management practices are still DEE ( 0.5 and 0.75 kg ha ), isoproturon + 2,4-DEE (1.0 +
needed. 0.25 kg ha , 1.0 + 0.5 kg ha ), hand weeding and hoeing

Integrated weed and nitrogen management for their at tillering and weedy check. The treatments were
judicious use that helps the crops to compete with weeds, arranged in factorial randomized complete block design
minimize the overall impact of weeds and reduce addition with three replications. The gross plot size was 3.0 m x 2.2
of weed seeds to soil bank and maximize the benefits that m and net plot size of 2.5 m x 1.8 m. Bread wheat variety
the presence of a non-competitive weed cover can give is "Kakaba" was hand drilled in rows 20 cm apart at the
of paramount importance. Therefore, the study was recommended rate (150 kg ha ) on 13 July, 2012. One
carried out with the objectives to investigate the effect of third of N fertilizer as per the treatment and uniform dose
isoproturon, 2, 4 – DEE and their mixtures on weeds, of P (46 kg P O  ha ) were applied within the rows at
wheat growth, yield attributes and yield and to find out sowing. The remaining two-third N fertilizer was top
their economic viability under varying inorganic nitrogen dressed in two equal splits at crop mid-tillering and boot
rates. stages, respectively. The herbicides as per the treatments

MATERIALS AND METHODS the crop at 35 days after sowing. The spray was done in

Description of the Experimental Site: The experiment was ha spray volume. Hand weeding (hand weeding and
conducted at Kulumsa Agricultural  Research  Center hoeing) was also done in the assigned plots on the same
(8°10' N latitude; 39°10' E longitude; 2200 m a.s.l. altitude) day.

1

1

1

1

1 1

1

2 5
1

were applied as post emergence at fully tillered stage of

the assigned plot with Knapsack sprayer using 450 l
1

Table 1: Weed species, families and relative density of weeds found in weedy check plots at Kulumsa during the 2012 cropping season

Weed species Common name Family Relative weed density (%)

Grass weeds
Avena fatua L. Wild oat Poaceae 6.2
Bromus pectinatus Thunb. Brome grass Poaceae 7.4
Lolium temulentum L. Ryegrass Poaceae 3.7
Phalaris paradoxa L. Hooded canary grass Poaceae 6.2
Setaria pumila (Poir.) Roemer & J.A. Schultes Yellow foxtail Poaceae 4.9
Snowdenia polystachya (Fresen.) Pilg Ethiopian grass Poaceae 7.4
Amaranthus retroflexus L. Redroot pigweed Amaranthaceae 6.2
Argemone ochroleuca L. Maxican prickly poppy Papaveraceae 4.5
Chenopodium album L. Common lambsquarters Chenopodeaceae 4.3
Datura stramonium L. Jimson weed Solanaceae 3.1
Galinsoga parviflora L. Small flower galinsoga Asteraceae 6.8
Galium spurium L. var. africanum Verde False cleavers Asteraceae 11.1
Guizotia scabra (Vis.) Chiov. Wild noug Asteraceae 6.2
Oxalis corniculata L. Creeping woodsorrel Oxalidaceae 3.7
Polygonum aviculare L. Prostrate knotweed Polygonaceae 6.2
P. convolvulus L. Wild buckwheat Polygonaceae 5.6
Rumex abyssinicus Jacq. Dock Polygonaceae 4.0
Spergula arvensis L. Corn spurry Carophyllaceae 2.5
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Data Collection: Data on weed flora present in the nitrogen) as well as the cost involved in their application.
experimental fields were recorded during the experimental Total costs that vary included the input cost that vary
period. The weed density was recorded by throwing a and the field price of the crop. However, for ease in
quadrate (0.25 m×0.25 m) randomly at two places in each calculation in place of field price of the crop, the cost
plot at about 15 days before the expected harvest time. incurred for harvesting, threshing, winnowing, packing
The weed species found within the sample quadrate were and transportation which varied in proportion to the yield
identified, counted and expressed in m . For the under a particular treatment was added to the variable2

aboveground weed dry weight/ biomass, the weeds falling input cost. Assuming that the farmer will not get the same
within the quadrate were cut near the soil surface yield as the researcher the yield was adjusted downward
immediately after taking observation on weed count and by 20% before calculating the gross returns. To find out
placed into paper bags separately treatment wise. The the gross return, the price of wheat grain and straw
samples were sun dried for 3-4 days and thereafter were prevailing in the local market at the time of harvest was
placed in to an oven at 65°C temperature till their constant taken into account. The net benefit based on total variable
weight and subsequent dry weight was measured. cost was determined by subtracting the respective cost

Days to ear emergence were recorded as the number involved from the gross benefit.
of days from sowing to the time when first ear appear in
5% of the plants in demarked 1m row length in each plot, RESULTS AND DISCUSSION
days to maturity were recorded as the number of days
from sowing to the time when the grain became hard and Weeds
the straw turned light yellow. Total number of productive Weed Community: Eighteen weed species belonging to
and non-productive tillers per 1 m row length was counted nine families infested the experimental plots. Among
at dough stage from the above demarked places in each these, six grass species and twelve broadleaved weed
plot to determine total number as well as effective tillers. species were observed. The most dominant families were
Plant height was measured from the ground to the tip of poaceae, asteraceae and polygonaceae.
ear of 10 main culms of plants from the demarked row Argemone ochroleuca and Gentiana scabra were
length in each plot at maturity. Number of grains from ten late comer weeds that might be due to their seasonal
randomly selected spikes from the demarked area was preferences and favourable conditions for seed
counted and their average was taken as number of grain germination and growth. 
per spike.

Thousand kernels weight was determined by Relative Weed Density: The results indicated that
counting thousand seeds from the harvested bulk of each Bromus pectinatus and Salvia polystachya had the
plot and their weight recorded. Yield was recorded after highest relative weed density (7.4% each) followed by
harvesting the aboveground biomass. The aboveground Avena fatua and Phyllocrania paradoxa  (6.2%  each).
biomass was sun dried for 10 days and their plot wise On the other hand, among broadleaved weed species
weight was recorded. The grain moisture content was Galium spurium had the highest (11.1%) relative weed
determined and the yield was adjusted at 12.5% moisture density followed by Galinsoga parviflora (6.8%). The
content of the grains. broadleaved weeds were more dominant than the grass

Statistical Data Analysis: The data were subjected to (Table 1).
analysis of variance using SAS software program version
9.0 (SAS Institute, 2000). The data of weed and crop Weed Population and Dry Weight at Dough Stage 
parameters of each plot for every treatment were tabulated Grass Weeds Population: The interaction between N
and analyze following the principle of factorial RCB levels and weed management practices indicated the
design. From the analysis of variance, treatment means lowest (5.38 m ) number of grass weeds with the
were compared using the least significant difference (LSD) interaction of 120 kg N ha  and the application of
at p = 0.05 significance level following the procedure isoproturon at 2.0 kg ha . This was statistically at par
described by Gomez and Gomez (1984). with the population recorded in isoproturon at 1.5 kg ha

Partial Budget Analysis: The partial budget analysis was ha  interactions. The interaction between isoproturon at
done as described by CIMMYT (1988) where the variable 2.0 kg ha  and varying nitrogen application rates proved
cost that vary included the cost of inputs (herbicide and significantly  better   than   the   interaction  between other

weeds with 64.2 and 35.8 % relative density, respectively

2

1

1

1

x 120 kg N ha  and isoproturon at 2.0 kg ha x 60 kg N1 1

1

1
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Table 2: Interaction effect of N levels and weed management practices on grass and broadleaved weeds population (m ) at dough stage of bread wheat at2

Kulumsa during 2012 cropping season
Nitrogen (N) levels (kg ha )1

----------------------------------------------------------------------------------------------------------------------------------
Grass leaved Broadleaved
--------------------------------------------------------- ---------------------------------------------------------

Weed Management Practices (WMP) 0 60 120 0 60 120
Isoproturon at 1.5 kg ha 12.62 12.38 6.12 17.09 16.06 15.101

Isoproturon at 2.0 kg ha 7.86 6.73 5.38 14.33 13.26 10.831

2, 4-DEE at 0.5 kg ha 26.57 20.02 18.25 13.90 13.18 10.461

2, 4-DEE at 0.75 kg ha 26.48 20.76 19.57 10.62 10.91 8.611

Isoproturon + 2, 4-DEE (1.0+ 0.25 kg ha ) 14.89 13.15 12.03 12.83 12.71 10.011

Isoproturon +2, 4-DEE (1.0+ 0.50 kg ha ) 12.89 12.27 10.75 7.69 6.59 6.451

Hand weeding and hoeing at tillering 13.28 12.37 11.41 12.27 11.50 9.68
Weedy check 26.87 20.50 18.62 42.39 34.95 27.89
LSD (0.05) 1.43 1.90 16.39 14.89 12.38
CV (%) 5.8 8.0
CV= Coefficient of Variation, LSD= Least Significant Difference

weed management practices and nitrogen rates, except the broadleaved weeds (Amaranthus retroflexus, Datura
interaction between isoproturon at 1.5 kg ha  and 120 kg stramonium and Rumex abyssinicus) were faster in1

N ha  in reducing the grass weeds population (Table 2). growth with wide canopy cover that suppressed the grass1

Further, the results showed that the application of 2, weeds whereas in 2, 4-DEE treated plots these weeds were
4-DEE at 0.5 and 0.75 kg ha  failed to reduce grass weed controlled to a variable extent. 1

population and gave significantly higher  weed
population at all the N application rates, expect the Broadleaved Weeds Population: The interaction between
control. This result was in agreement with those obtained isoproturon + 2, 4-D EE ( 1.0+ 0.50 kg ha ) and 120 kg N
by Bharat and Kachroo (2010), who reported that 2, 4-D ha  resulted in the lowest (6.45 m ) broadleaved weed
was ineffective in reducing the population of grass weeds. population which was statistically at par with the
Differential uptake has been implicated for some interaction between the same weed management practice
herbicides in species selectivity and there is evidence that and the control and 60 kg N ha . Further, the effect of 2,
following uptake, difference in translocation might be a 4-DEE at 0.75 kg ha  with 120 kg N ha  was as effective
factor in the selective action of certain herbicides as the effect of isoproturon + 2, 4-DEE (1.0+ 0.50 kg ha )
(Sargent, 1976). The highest (26.87 m ) grass weed in the absence of nitrogen and hand weeding and hoeing2

population was recorded under weedy check in the with 120 kg N ha  in reducing the broadleaved weed
absence of N application which was statistically in parity population. While comparing the 2, 4- DEE alone, the
with the application of 2, 4-DEE at 0.5 and 0.75 kg ha interaction between 2, 4-DEE at 0.75 kg ha  significantly1

both in the absence of nitrogen application. Similarly reduced the broadleaved weed population over 2, 4-DEE
these treatments did not differ significantly with each at 0.50 kg ha  at their respective N application rates
other at 60 and 120 kg N ha  also (Table 2). However, the (Table 2). Similarly, the data indicated a significant1

interaction between combined low doses (0.25 and 0.50 kg reduction in broadleaved weeds population due to
ha ) of 2, 4-DEE and isoproturon (1.0 kg ha ) and isoproturon at 2.0 kg ha  with nitrogen rates compared to1 1

nitrogen (0 to 120 kg ha ) significantly reduced the grass isoproturon 1.5 kg ha  with the respective nitrogen1

weed population over 2, 4-DEE at 0.5 and 0.75 kg ha  at application rates. The better performance of isoproturon1

all the nitrogen application rates. Further, the interaction at higher application rate might be due to sufficient
between hand weeding and hoeing and nitrogen rates was translocation of herbicide to the active site of action in the
as effective as the interaction of isoproturon + 2, 4-DEE weeds in an amount that proved lethal to the plants.
(1.0+ 0.25 kg ha  and 1.0 + 0.50 kg ha ) with respective Further, the interaction between isoproturon at 2.0 kg1 1

nitrogen rates as well as isoproturon at 1.5 kg ha  in the ha  with 120 kg N ha  had no significant difference in1

absence of nitrogen and 60 kg N ha . broadleaved weeds population with the interactions of 2,1

In general, the grass weed population in weedy check 4-DEE at 0.50 kg ha  and 120 kg N ha , 2, 4- DEE at 75 kg
plots under all the nitrogen levels was almost the same as ha  and  control  and  60  kg  N  ha ,  isoproturon  +  2,
in 2, 4-DEE alone treated plots, this was because the 4-DEE(1.0+0.25  kg  ha )  with  60 and 120 kg N ha  and

1

1 2

1

1 1

1

1

1

1

1

1

1 1

1 1

1 1

1 1
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Table 3: Interaction effect of N levels and weed management practices on total weeds population (m ) and dry weight of weeds (m ) at dough stage of bread2 2

wheat at Kulumsa during 2012 cropping season
Weed population Weed dry weight 
-------------------------------------------------------- ---------------------------------------------------------
Nitrogen levels (kg ha )1

---------------------------------------------------------------------------------------------------------------------------------
Weed Management Practices 0 60 120 0 60 120
Isoproturon at 1.5 kg ha 29.72 28.44 21.22 18.77 21.35 24.321

Isoproturon at 2.0 kg ha 22.20 19.99 16.20 16.53 19.39 20.791

2, 4-DEE at 0.5 kg ha 38.91 33.20 28.71 25.79 29.07 38.411

2, 4-DEE at 0.75 kg ha 35.67 31.67 28.18 21.13 23.50 26.761

Isoproturon + 2, 4-DEE (1.0+ 0.25 kg ha ) 27.73 25.86 22.04 17.58 20.37 23.711

Isoproturon+ 2, 4-DEE (1.0+ 0.50 kg ha ) 20.59 18.86 17.19 14.49 15.71 18.311

Hand weeding and hoeing at tillering 25.55 23.87 21.09 17.19 19.75 22.57
Weedy check 76.21 55.45 46.51 34.89 41.59 59.73
Mean 34.57 29.67 25.14 20.79 23.84 29.32
LSD (0.05) 2.90 1.70
CV (%) 5.9 4.2
CV= Coefficient of Variation, LSD= Least Significant Difference

the  interactions  between hand weeding and N rates Total Weeds Dry  Weight  (g  m )  at  Dough  Stage:
(Table 3). Weedy check plots at all the N rates showed The minimum weed dry weight (14.49 g m ) was recorded
significantly higher broadleaved weed population than the with applying a mixture of isoproturon + 2, 4-DEE (1.0+ 0.5
interaction between weed management practices and N kg ha ) in the absence of nitrogen which was statistically
rates. in parity with the interaction between the same weed

Total Weeds Population: Like grass weeds population, interactions were found to significantly reduce the weed
the lowest total weed population (16.20 m ) was also dry weight compared to all the other interactions, except2

obtained with the interaction between isoproturon at 2.0 the interaction between isoproturon + 2, 4-DEE (1.0+0.5 kg
kg ha  and 120 kg N ha  which was statistically at par ha ) at 60 kg N ha  and isoproturon at 2.0 kg ha1 1

with isoproturon + 2, 4-DEE (1.0+ 0.5 kg ha ) interaction without nitrogen application (Table 3). Herbicide1

with 60 and 120 kg N ha . The total weed population was combination might have been more effective against the1

decreased with increasing N application rates under all the weeds owing to their synergistic interactions (Punia et al.,
weed management practices and this decrease was 2004). Poonia et al. (2001) also reported higher weed
significant under isoproturon at 1.5 kg ha , isoproturon control efficiency of tank mix of isoproturon at 0.5 kg + 2,1

at 2.0 kg ha , 2, 4-DEE (0.50 and 0.75 kg ha ), 4-D at 0.375 kg ha  in wheat. 1 1

isoproturon + 2, 4-DEE (1.0+ 0.25 kg ha ) and weedy While comparing the total weed dry weight under1

check with 120 kg N ha  over the control and 60 kg N individual nitrogen rates, the application of isoproturon at1

ha  (Table 3). However, the effect of isoproturon + 2, 4- 2.0 kg ha  resulted in a significant reduction in weed dry1

DEE (1.0+ 0.50 kg ha ) and hand weeding and hoeing weight over the interaction of isoproturon at 1.5 kg ha ,1

with 120 kg N ha  did not differ significantly from 60 kg 2, 4 –DEE (0.5 and 0.75 kg ha ) with all the nitrogen1

N ha . Further, the interaction between isoproturon (1.5 application rates and, the interaction between a mixture of1

and 2.0 kg ha ), mixture of isoproturon 1.0 kg ha  with isoproturon+ 2, 4-DEE (1.0+ 0.25 kg ha ) and hand1 1

2, 4-DEE (0.25 and 0.50 kg ha ), hand weeding and weeding and hoeing with 120 kg N ha . The application1

hoeing with the control and 60 kg N ha  did not vary of 2, 4-DEE alone (0.50 and 0.75 kg ha ) recorded1

significantly with each other. significantly higher weed dry weight as compared to other
The data presented in Table 3 also revealed that a weed management practices under the same nitrogen

significant decrease in total weed population as a result of application rate however, it was significantly lower than
the interaction effect between weed management practices the weedy check. The weed dry weight showed a linear
and nitrogen rates over weedy check. Bharat and Kachroo increase with increasing nitrogen rate which was
(2010) also reported reduced weed population with using significant in all the weed management practices, except
herbicides alone and combination of isoproturon at 0.75 in case of the mixture of isoproturon at 1.0 kg with 2, 4-
kg + 2, 4-D at 0.5 kg ha  over weedy check. DEE  at  0.5  kg  ha   in  which  no   significant  difference1

2

2

1

management practice and 60 kg N ha . These two1

1 1 1

1

1

1

1

1

1

1

1
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Table 4: Effect of N levels and weed management practices on days to ear emergence, maturity and plant height of bread wheat at Kulumsa during 2012
cropping season

Treatments Days to ear emergence Days to physiological maturity Plant height (cm)
Nitrogen (N) levels (kg ha )1

 0 58.1 98.6 74.6
 60 56.4 95.3 88.0
 120 55.0 93.4 91.4
 LSD (0.05) 0.24 0.62 2.22
Weed Management Practices (WMP)
 Isoproturon at 1.5 kg ha 56.7 95.4 86.61

 Isoproturon at 2.0 kg ha 56.4 96.4 91.31

 2, 4-D at 0.5 kg ha 57.0 96.0 80.41

 2, 4-D at 0.75 kg ha 56.8 95.7 82.51

 Isoproturon at 1.0 + 2, 4-D at 0.25 kg ha 56.2 95.3 85.11

 Isoproturon at 1.0 + 2, 4-D at 0.50 kg ha 55.3 94.9 86.31

 Hand weeding and hoeing at tillering 56.3 95.3 85.5
 Weedy check 57.1 97.1 79.5
 LSD (0.05) 0.39 1.01 3.63
 CV (%) 0.7 1.1 4.52
CV= Coefficient of Variation, LSD= Least Significant Difference

existed between the control and 60 kg N ha . The hand weeding and hoeing. The uninterrupted weed1

interaction between weedy check and 120 kg N ha  gave growth delayed the ear emergence and physiological1

significantly higher (59.73 g m ) weed dry weight than all maturity. More weed population might have shaded the2

the other interactions. soil surface and rendered more days to maturity. Similarly,

Wheat Crop mature due to shading effect of weeds to soil surface that
Growth parameters of wheat rendered more days to maturity.
Days to Ear Emergence and Physiological Maturity: Ear
emergence and physiological maturity of wheat were Plant Height (cm): Plant height was increased
significantly enhanced with the successive increase in N consistently and significantly with increasing N levels
application rates (Table 4). This is in line with those from 0 to 120 kg N ha  (Table 4). In agreement with this
reported by Gebreyes (2008), who found that an adequate result, Amsal et al. (2000) reported a positive and linear
supply of N is related with vigorous and rapid growth and response of plant height to N fertilizer application in the
hastened heading and maturity. This might be due to no central highlands of Ethiopia. Several other studies,
or too little N results in slow growth and delays heading Tilahun et al., 1996; Minale et al., 2005 have also revealed
and maturity while excessive N promotes vegetative remarkable plant height enhancement in response to each
growth and hastens heading. Contrary to the current increment in nitrogen fertilizer. The increase nitrogen
result, however, Getachew (2004) reported that N application might have encouraged more vegetative
fertilization at the rate of 92 kg N ha  significantly growth, leaf chlorophyll content resulting in more1

delayed physiological maturity of wheat crop compared to photosynthetic assimilation that helped in an increase in
lower rates of nitrogen application. However, the stem elongation. The plants in isoproturon at 2.0 kg ha
contradicting results of the different authors might be due treated plots attained significantly higher height than
to the difference soil type and the environmental variation other weed management practices. This treatment was
at the locations. followed by applying isoproturon at 1.5 kg ha  which did

The plants in herbicide mixture isoproturon + 2, 4- not show significant difference with the height obtained
DEE   (1.0+    0.5    kg    ha )    treated    plots   attained ear in isoproturon at 1.0 + 2, 4-DEE at 0.25 kg ha ,1

emergence and physiological  maturity  significantly isoproturon at 1.0 + 2, 4-DEE at 0.5 kg ha  and hand
earlier than the  other   weed  management  practices weeding and hoeing. Likewise, the effect of 2, 4-DEE at 0.5
(Table 4). But, unlike days to ear emergence it had no and 0.75 kg ha  was statistically the same and failed to
significant difference with the plants in plots treated with bring about a significant change in height as compared to
isoproturon at 1.5 kg ha , 2, 4-DEE at 0.75 kg ha , weedy check. This might be due the poor grass weed1 1

mixture of isoproturon+ 2, 4-DEE (1.0+ 0.25 kg ha ) and control  in  2,  4-DEE  treated plots  (Tables   2)  that might1

Iqbal (2002) reported that control plot took more days to

1

1

1

1

1

1
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Table 5: Interaction effect of N levels and weed management practices on total and productive tillers (m ) of bread at Kulumsa during 2012 cropping season2

Total tillers Productive tillers
--------------------------------------------------------- ---------------------------------------------------------
Nitrogen levels (kg ha )1

-----------------------------------------------------------------------------------------------------------------------------------
Weed Management Practices 0 60 120 0 60 120
Isoproturon at 1.5 kg ha 179.8 229.3 263.0 170.9 212.9 256.41

Isoproturon at 2.0 kg ha 186.4 240.0 275.5 175.6 223.0 269.21

2, 4-DEE at 0.5 kg ha 140.7 224.8 238.6 131.7 199.7 231.51

2, 4-DEE at 0.75 kg ha 147.3 232.9 258.9 138.3 217.5 248.51

Isoproturon + 2, 4-DEE(1.0+ 0.25 kg ha ) 196.0 250.5 271.5 186.0 238.2 264.41

Isoproturon+ 2, 4-DEE(1.0+ 0.50 kg ha ) 203.3 256.0 283.9 194.0 245.2 276.11

Hand weeding and hoeing at tillering 193.3 250.2 274.6 177.6 241.0 262.0
Weedy check 84.0 152.0 196.3 78.0 142.0 183.4
 LSD (0.05) 9.70 7.23
 CV (%) 2.7 2.1
CV= Coefficient of Variation, LSD= Least Significant Difference

have offered a severe competition to the crop for growth gave higher number of tillers than other weed
resources specially the nutrients and moisture as the management practices. Under weedy check too, the
plants belonging to the same morphology are more number of effective tillers increased significantly in
competitive than the plants with dis-similar morphology. response to increasing nitrogen application. Botella et al.
Grishin et al. (2001) reported a great demand for light, (1993) reported that N stimulates tillering probably due to
space, moisture and nutrients by plants with similar its effect on cytokinin synthesis. Batey (1984) and Archer
morphology and physiology with wheat. In agreement (1988) reported enhanced tillering by increasing light and
with this result, Hussain et al. (2003) found significantly N availability during the vegetative growing period and
lower wheat plant height in weedy check which was due wheat reacts to N application by producing more number
to weed crop competition. In contrast with this result of tillers per plant and by exhibiting a higher percentage
Marwat et al. (2005) reported the highest plant height in survival of tillers. Significantly higher number of
weedy check which was due to the highest (26.7%) productive tillers recorded under the interaction of weedy
magnitude of morphologically similar weed A. fatua and check at 120 kg N ha than the application of isoproturon
Phalaris minor in the experimental weed community. In at 1.5 kg ha , isoproturon at 2.0 kg ha  and 2, 4-DEE (0.5
this experiment the grass weeds B. pectinatus and S.
polystachya though morphological similar, but grew taller
than wheat and had 14.8% relative density as against
12.4% in A. fatua and P. paradoxa (Table 1). 

Yield Components and Yield 
Total and Productive Tillers: The highest number of total
and productive tillers was observed with the interaction
between isoproturon at 1.0 kg + 2, 4-DEE at 0.5 kg ha 1

and 120 kg N ha  which had no significant difference1

with isoproturon at 2.0 kg ha  at 120 kg N ha  (Table 5).1 1

This might be due to better weed control efficiency of
these treatments compared to rest of the treatments so as
to help in providing sufficient space for tiller emergence.
The results also showed that the number of total and
productive tillers was increased significantly with
increasing nitrogen rates under all the weed management
practices. Similar trend was also recorded in weedy check.
Further, it was found that under all the levels of nitrogen,
application of isoproturon at 1.0 + 2, 4-DEE at 0.5 kg ha 1

1

1 1

and 0.75 kg ha ) in the absence of nitrogen might1

suggest the role of nitrogen in enhancing the number of
productive tillers even under the situation of weedy
condition of the crop. Ayoub et al. (1994) also reported
that the spike population of wheat was increased with
increasing level of N fertilization, which was mainly
because of increased fertile tillers than the control plots.
In weedy check, high weed infestation might have created
stress through competition for moisture, nutrition, space
and light as well as allelopathy as was reported by
Hussain et al. (2003).

Number of Grains per Spike: Number of grains spike 1

was increased significantly with increasing nitrogen level,
which was 72.9 and 16.3% more with applying of 120 kg N
ha than the control and 60 kg N ha , respectively1 1

(Table 6). Likewise, the results showed the highest
number of grains spike  (40.2) when isoproturon at 1.0 kg1

+ 2, 4-DEE at 0.50 kg ha  was applied which was1

significantly  higher  than   the   other   weed  management
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Table 6: Effect of N levels and weed management practices on number of grains spike  of bread wheat at Kulumsa during 2012 cropping season1

Nitrogen (N) levels (kg ha ) Number of grains per spike1

0 24.7
60 36.7
120 42.7
LSD (0.05) 0.79
Weed Management Practices (WMP) 
Isoproturon at 1.5 kg ha 32.91

Isoproturon at 2.0 kg ha 38.41

2, 4-DEE at 0.50 kg ha 31.11

2, 4-DEE at 0.75 kg ha 32.01

Isoproturon at 1.0 + 2, 4-DEE at 0.25 kg ha 38.11

Isoproturon at 1.0 + 2, 4-DEE at 0.50 kg ha 40.21

Hand weeding and hoeing at tillering 37.7
Weedy check 26.9
LSD (0.05) 1.29
CV (%) 3.9
CV= Coefficient of Variation, LSD= Least Significant Difference

Table 7: Interaction effect of N levels and weed management practices on thousand-kernel weight (g) and grain yield (kg ha ) of bread wheat at Kulumsa1

during 2012 cropping season
Nitrogen (N) levels
-----------------------------------------------------------------------------------------------------------------------------------
1000 kernels weight Grain Yield
-------------------------------------------------------- ---------------------------------------------------------

Weed Management Practices 0 60 120 0 60 120
Isoproturon at 1.5 kg ha 33.3 36.3 39.9 1544 3960 46371

Isoproturon at 2.0 kg ha 32.2 37.5 41.8 1682 4064 49981

2, 4-DEE at 0.5 kg ha 31.1 36.1 37.8 1453 3794 40851

2, 4-DEE at 0.75 kg ha 31.1 37.3 39.9 1508 4014 44381

Isoproturon + 2, 4-DEE(1.0+ 0.25 kg ha ) 34.4 38.4 41.3 2229 4227 49881

Isoproturon + 2, 4-DEE(1.0+0.50 kg ha ) 35.3 39.3 43.1 2563 4399 52891

Hand weeding and hoeing at tillering 33.7 38.8 40.9 1968 4242 4942
Weedy check 25.2 30.8 34.1 909 1529 2129
LSD (0.05) 1.276 122.58
CV (%) 2.1 2.3
CV= Coefficient of Variation, LSD= Least Significant Difference

practices. This treatment was followed by isoproturon 2.0 reduced tillering, ear formation and stem weight and
kg ha  (38.4 grains spike ), but had no significant height reduction in wheat (Smith and Levick, 1974). The1 1

difference with isoproturon at 1.0 + 2, 4-DEE at 0.25 kg severe weed competition between the weeds and crop in
ha  and hand weeding and hoeing at tillering that weedy check might have prominently reduced the nutrient1

recorded 38.1 and  37.7  grains  spike ,  respectively mobility towards grains which might have affected the1

(Table  6). Due to the reduced interference of weeds grain development potential of the wheat plant.
(Table 3), the vigorous leaves might have helped to
improve the photosynthetic efficiency of the crop that Thousand Kernels Weight: The interaction effect showed
supported large number grains spike . This result is in the highest 1000 kernels weight (43.08 g) with the1

agreement with those obtained by Ashiq et al. (2007); interaction of isoproturon at 1.0 kg + 2, 4-DEE at 0.50 kg
Ashrafi (2009) and Tesfay (2011), who found maximum ha  and 120 kg N ha  which was significantly higher
number of grains spike  in plots treated with broad than all the interactions (Table 7). Further, with the1

spectrum herbicide. successive increase in nitrogen application rates there
Further, the plants in weedy check had the lowest was significant increase in 1000 kernels weight under all

number grains spike  which was significantly lower than the weed management practices. The weedy check plots1

the other weed management practices. The poor grain revealed significantly lower 1000 kernels weight than
filling due to presence of weeds has been reported due to weed  management  practices  under  all the nitrogen rates.

1 1
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Table 8: Interaction effect of N levels and weed management practices on straw yield (kg ha ) and harvest index (%) of bread wheat at Kulumsa during 20121

cropping season
Nitrogen (N) levels
-----------------------------------------------------------------------------------------------------------------------------------
Straw yield Harvest index
-------------------------------------------------------- ---------------------------------------------------------

Weed Management Practices 0 60 120 0 60 120
Isoproturon at 1.5 kg ha 4761 5555 5651 24.5 41.6 45.11

Isoproturon at 2.0 kg ha 4784 5542 5935 26.0 42.3 45.71

2, 4-DEE at 0.5 kg ha 4630 5540 5556 23.9 40.7 42.41

2, 4-DEE at 0.75 kg ha 4649 5553 5602 24.9 42.0 44.21

Isoproturon + 2, 4-DEE(1.0+ 0.25 kg ha ) 4606 5724 6054 32.6 42.5 45.21

Isoproturon + 2, 4-DEE(1.0+0.50 kg ha ) 4827 6081 6443 34.7 42.0 45.11

Hand weeding and hoeing at tillering 4710 5713 5834 29.5 42.6 45.9
Weedy check 2273 3878 4439 29.0 28.3 32.5
LSD (0.05) 241.7 2.38
CV (%) 2.8 3.9
 CV= Coefficient of Variation, LSD= Least Significant Difference

Tilahun et al. (1996) indicated that 2.2 to 10% higher grain amino acids, proteins, co-enzymes and some non
weight with 120 kg N over 60 kg N ha  depending on the pertinacious ones (Mengel and Kirkby, 1996). Besides, a1

location and environmental conditions during the growing good supply of nitrogen to the plant stimulates root
season. Amsal et al. (2000) and Gebreyes (2008) also growth and development as well as uptake of other
reported a positive and linear response of 1000 grains nutrients (Brady and Weil, 2002) resulting in increased
weight to N fertilization where the subsequent decline in grain yield. There was also significant increase in yield
grains weight was attributed to sub-optimal assimilation with successive increase in nitrogen application rates
of nutrients and, hence shriveled seeds of wheat. under all the weed management practices and this

Grain Yield: Interaction between isoproturon at 1.0 kg + N ha . Similarly, Bhagwati et al. (1991) found higher
2, 4 –DEE at 0.5 kg ha  and 120 kg N ha  recorded the wheat yield with increasing nitrogen (40-120 kg N ha )1 1

highest grain yield (5289 kg ha ) which was significantly application with postemergence isoproturon at 0.75 kg1

higher than all the other interactions. This was followed ha . The increased N levels promoted tillering that
by the interaction effect between isoproturon at 2.0 kg encouraged the formation of more number of spikes
ha  with 120 kg N ha  that had no significant difference plant  and increased grain yield plant  that could1 1

with isoproturon at 1.0 kg + 2, 4-DEE at 0.25 kg ha , hand account for the superiority of grain yield as reported by1

weeding and hoeing at tillering at the same level of El-Sheref et al. (2007). 
nitrogen application (Table 7). Higher N application rates
lead to rapid leaf area development, prolonged the life of Straw Yield: The interaction between N levels and weed
leaves, improved leaf area duration and increased overall management practices produced 6443 kg ha straw yield
crop assimilation and thus contributing to increased seed due to the interaction between isoproturon at 1.0 kg + 2,
yield (Wright et al., 1988).The higher yield in the above 4-D at 0.50 kg ha with 120 kg N ha which was
interaction effects was obviously due to significantly significantly higher than the other interactions. The
lesser competition  between  weeds  and  wheat  for higher straw yield might be due to higher number of total
various  growth  factors which ultimately increased tillers (Table 6). This was followed by applying
number of productive tillers and 1000 grains weight isoproturon at 1.0 kg + 2, 4- DEE at 0.50 kg ha  under 60
(Tables 6 and 8). The effective weed control could kg N ha  and was statistically in parity with the
increase nutrients availability to the crop and result in interaction effects of isoproturon at 1.0 kg + 2, 4-DEE at
higher grain yield. 0.25 kg ha and isoproturon at 2.0 kg ha  both with 120

Similarly, Panwar et al. (1995) and Prasad and Singh kg N ha  (Table 8). The increase in straw yield with
(1995) reported that combined application of 2, 4-D and increasing nitrogen rates is in agreement with the results
isoproturon reduced weed dry weight and increased the of the experiments conducted in Southeastern Ethiopia
straw and grain yield of wheat. Nitrogen being the most (Tilahun et al., 1996). Other reports (Amsal et al., 2000)
often growth limiting nutrient is found to be an essential also indicated that application of N fertilizer significantly
constituent of metabolically active compounds such as enhanced the straw yield of wheat.

increase was much higher at 60 kg N ha  than at 120 kg1

1

1

1

1 1

1

1 1

1

1

1 1

1
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Table 9: Effect of combined application of N and weed management practices on gross return and net return in wheat production at Kulumsa during 2012
cropping season

Adjusted yield ( kg ha )1

Total variable -------------------------------- Gross return Net return
Treatment combinations cost (Birr ha ) Grain Straw (Birr ha ) (Birr ha )1 1 1

Isoproturon at 1.5 kg ha 2500 1236 952 9794 72941

Isoproturon at 2.0 kg ha 2843 1346 957 10465 76221

2, 4-DEE at 0.5 kg ha 1951 1162 926 9289 73381

2, 4-DEE at 0.75 kg ha 2066 1206 930 9563 74961

Isoproturon + 2, 4-D (1.0+ 0.25 kg ha ) 3182 1783 921 13000 98171

Isoproturon + 2, 4-D (1.0+ 0.5 kg ha  ) 3630 2050 965 14716 110861

Hand weeding and hoeing at tillering 3338 1575 942 11803 8464
Weedy check 1080 727 455 5499 4420
Isoproturon at 1.5 kg ha + 60 kg N ha 6482 3168 1111 21786 153031 1

Isoproturon at 2.0 kg ha + 60 N ha 6786 3251 1108 22278 154921 1

2, 4-DEE at 0.5 kg ha  + 60 N ha 5845 3035 1108 20980 151351 1

2, 4-DEE at 0.75 kg ha  + 60 N ha 6157 3211 1111 22043 158861 1

Isoproturon + 2, 4-DEE (1.0+ 0.25 kg ha ) + 60 N ha 6670 3382 1145 23151 164821 1

Isoproturon + 2, 4-DEE (1.0 + 0.5 kg ha ) + 60 N ha 6924 3519 1216 24157 172331 1

Hand weeding at tillering + 60 N ha 7152 3393 1143 23216 160641

Weedy check + 60 N ha 2930 1223 776 9279 63491

Isoproturon at 1.5 kg ha + 120 N ha 8199 3709 1130 25081 168821 1

Isoproturon at 2.0 kg ha + 120 N ha 8809 3998 1187 26958 181491 1

2, 4-DEE at 0.5 kg ha  + 120 N ha 7104 3268 1111 22386 152821 1

2, 4-DEE at 0.75 kg ha  + 120 N ha 7573 3550 1120 24102 165291 1

Isoproturon + 2, 4-D (1.0 + 0.25 kg ha ) + 120 N ha 8487 3991 1211 26971 184841 1

Isoproturon + 2, 4-D (1.0+ 0.5 kg ha  ) + 120 N ha 8894 4231 1289 28609 197141 1

Hand weeding at tillering + 120 N ha 8897 3953 1167 26637 177401

Weedy check + 120 N ha 4555 1703 888 12438 78831

Cost of isoproturon 360 Birr per kg; cost of 2, 4-D 200 Birr per kg; spraying 5 persons per ha @Birr 25 per person; cost of hand weeding and hoeing 40
persons @Birr 25 per person; cost of nitrogen Birr 15.22 per kg; nitrogen application Birr 200 per ha; sale price of wheat grain Birr 6 per kg; straw 0.5 Birr
per kg; Field price of wheat grain (sale price-variable input cost-harvesting, threshing and winnowing Birr 140 per 100 kg, packing and material cost Birr 3.5
per 100 kg, transportation Birr 5 per 100 kg. Birr = 0.0450690 USD (October10, 2016)

The weedy check interaction with different nitrogen interestingly in the absence of nitrogen weedy check
levels revealed significantly lower straw yield than the plots recorded significantly higher harvest index than
other interactions. This could be due to severe isoproturon (1.5 and 2.0 kg ha ) and 2, 4 –DEE(0.50 and
competition for growth resources resulting in lower 0.75 kg ha ), while, it was statistically at par with hand
availability of nutrients for the crop thus causing weeding and hoeing at tillering (Table 8).
significant reduction in number of tillers (Table 6) thereby Mengel and Kirkby (1996) also reported that harvest
low straw yield. However, Hussain et al. (2003) found indices of modern wheat cultivars normally range from
higher straw yield with weedy check because of the 35.0 to 40.0%, whereas older cultivars have indices in the
presence of morphologically similar weeds that were range of 23.0 to 30.0%, which fully agreed with the present
harvested along with the wheat. observation. The variation in harvest index under different

Harvest Index (%): The interaction effect between weed of total tillers, number of grains per spike, 1000 grains
management practices and the nitrogen rates revealed weight and the grain yield (Tables 6 and 7).
significantly highest harvest index (45.9%) with hand
weeding and hoeing at tillering. This was at par with the Partial Budget Analysis: The results of this study
harvest index obtained in the interaction between 120 kg indicated that the hand weeding and hoeing at tillering
N ha  with isoproturon application ( 1.5 and 2.0 kg ha ), with  120  kg  N  ha  had maximum total variable cost1 1

2, 4-DEE at 0.75 kg ha and the mixture of isoproturon at (8897 Birr ha ). This was followed by applying of1

1.0 kg ha  with 2, 4-DEE (0.25 and 0.50 kg ha ). It was isoproturon at 1.0 + 2, 4 -D at 0.5 kg ha  with 120 kg N1 1

found that in weedy check plots the harvest index was ha , isoproturon at 2.0 kg ha  with 120 kg N ha  and
significantly reduced under 60 and 120 kg N ha  when isoproturon at 1.0 + 2, 4-D at 0.25 kg ha  with 120 kg N1

compared with the weed management practices. However, ha  (Table 9). The higher cost than the other treatments

1

1

interactions was most probably due to variation in number

1

1

1

1 1 1

1

1
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in hand weeding and hoeing was due to the difference in REFERENCES
the cost incurred for manual weeding. Gupta and O’Toole
(1986) observed that the use of butachlor took equivalent
to186 h while two-hand weeding took 604 h ha  in rice.1

However, the higher total variable cost in isoproturon at
1.0 + 2, 4 -D at 0.5 kg ha , isoproturon at 2.0 kg ha  and1 1

isoproturon at 1.0 + 2, 4 -D at 0.25 kg ha  each with 1201

kg N ha  was due to the relatively higher yield that1

resulted in proportional increase in the cost for
harvesting, threshing, winnowing, packing and
transportation to the nearby market. The highest (28609
Birr ha ) gross benefit was obtained when a mixture of1

isoproturon at 1.0 + 2, 4 –DEE at 0.5 kg ha  with 120 kg N1

ha  followed by isoproturon at 1.0 + 2, 4-DEE at 0.25 kg1

ha  with 120 kg N ha , isoproturon 2.0 kg ha  with 1201 1 1

kg N ha  and hand weeding and hoeing at tillering along1

with 120 kg N ha .The higher gross income in these1

treatments than the other treatments was due to their
higher yield. The highest benefit in these treatments was
due to the increased gross benefit despite their higher
variable input cost. The net profit being 19714, 18484 and
18149 Birr ha , respectively with isoproturon at 1.0 + 2, 4-1

DEE at 0.5 kg ha , isoproturon at1.0 + 2, 4-DEE at 0.25 kg1

ha  and isoproturon at 2.0 kg ha  all with120 kg N ha .1 1 1

The hand weeding and hoeing resulted in 17740 Birr ha 1

net profit. Among weed management practices, the cost
of hand weeding was higher as compared to rest of the
treatments due to the cost of labour involved. This result
was in agreement with the work of Mirza (2007) who
reported that hand weeding is labour intensive and lead
to highest weed control cost.

CONCLUSIONS

This experiment indicated that in a mixed community
(broadleaved+ grass) of weeds, the application of
isoproturon at 1.0 +2, 4 –D at 0.5 kg ha  with 120 kg N1

ha  should be applied to get broad spectrum weed1

control and to achieve the highest grain yield and net
profit. This will help in preventing the weed shift in the
area. In case 2, 4-D is not available isoproturon at 2.0 kg
ha  with 120 kg N ha  should be the alternative to1 1

preclude the yield loss and to ensure maximum benefit.
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