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Abstract

Four multi-factor crop management trials were initiated in 1992 in the south-
eastern highlands of Ethiopia. Two of the trials were based on mechanised tillage,
while two trials were based on the traditional ox-plow of Ethiopia. The trials
examined the effects of alternative practices of crop residue management, tillage
and cropping sequence on weed population dynamics. Partial removal or
retention of stubble was followed by increase in the population density of some
broadleaf weed species, while burning had the opposite effect. Burning of crop
stubble also markedly reduced the total grass weed population as compared to
the other straw management treatments. Broadleaf weed population were not
affected by tillage practices in either the ox-plow or mechanised trials. Grass
weeds, however, increased significantly in density under minimum or zero tillage.
Amount of Broadleaf weeds did not vary markedly in response to cropping
sequence, but most of the grass weed population decreased in the faba bean

rotation.
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Introduction

Weeds are a hig threat to wheat
i)roductlon in. Ethiopia, causing Yield
osses_ of up to 70% under Spécific
conditions (Tanner and Giref 1991),
Globally, they can cut wheat yields by
50% urider heavy weed compefition and
sometimes depress to_zero (Hanson et al.
1982%. Weeds, in addition to their effects
on wheat yield, play a significant role in
harbouring insects,” serving as alternate
hosts to some diseases, and Increasing the

cost of production (Bahrendt and Hanf
1979).

CurrentI%/, in Ethiopia* weed control is
one of the priority production constraints
faced by wheat producers. In the south-
eastern ‘region, where small-scale wheat
producers “are predominant, problematic
grass weeds, in particular, represent a
serious threat to sustainable wheat
production. Farmers’ response to weed
Infestation consists of two approaches:
hand weeding, which demands more time
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and labor, and chemical herbicides,
primarily to control broadleaf weeds.

Despite these control efforts, Ethiopian
wheat farmers have not succeeded in
markedly reducing yield losses. Equally,
if not” more, ‘important, the low
availability and high cost of chemical
herbicides aP ravate yield losses due to
weeds (Chilot et al. 1992). Thus, to
optimise and sustain wheat yields in
Ethiopia, it is important to study those
aspects of crop_ husbandry which could
minimise weed interference with the crop
(Akobundu 1987), and encourage wheat
rowth by reducing weed competition
?Trlplett 986). Such asPects may Include
stubble management, tillage practice and
cropping sequence.

The effects of stubble management on
weed infestation are diverse (Rasmussen
et al. 1986). Some research results
indicate that ‘stubble burning affects the
incidence of viable weed Seeds in the
soil, reducing the seed bank. Other
reports draw_ attention to the role of
stubble retention. Some studies stress the
importance of stubble in releasing toxic
(ie., aIIeIopathlc% chemicals that hinder
weed growth: these effects vary with
weed species (Cheam 1986).

Tillage, in addition to establishing a fine-
tilth ‘seedbed, is often considered crucial
for the control of weeds. Conventional
tillage brings weed seeds to the surface

where the% can germinate and be
desiccated Dy subsequent tillage passes
(Akobundu ° 1987, = Triplett” 1986).

However, reduced tillage often-increases
the density of some problematic weed
species (Tanner and Giref 1991).

Nonetheless, it has been reported that
most alternate methods of weed control
are more energy efficient than weed
control %%conventlonal tillage (Clements
etal. 199).

Crop rotation involves the use of
different species as break crops to henefit
the major crop, disturbing the
environment and lire_cycle of weeds, and
thereby reducing their ‘competitive effect
on the crop.

Modified cropping sequences may not
eliminate interference by weeds, hut can
limit the build-up of weed populations
and  minimise ~ shifts i~ species
composition (Birhanu 1985). By growing
a_sequence of crops, it is possible t0
disrupt weed population. due to
differences in crop maturation, growth
habit (i.e., reducing |I?h'[ mﬁ_ltratlone,
competitive ability, or allelopathic effects
on weeds. The use of break crops of
differing morphology can facilitate hand
weeding and the use of strategic
rotations, with  different  herbicides
apﬁlled to each crop species, reduces the
rsk of develcl)_F_mg herbicide-resistant
weed hiotypes (Higgs et al. 1990).

In Ethiopia, although some initial works
have been conducted on the independent

effects of tillage and croppm& sequence
on weed incidence in wheat (Asefa et al.
1992), no previous research examined the
integrated effects of stubble management,
tillage and cropping sequence. The
current study examines the effects of
these crop management practices on the
population dynamics of several weed
species in the highlands of south-eastern

thiopia.
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Materials and Methods

Experimental sites )

Four crop . mana%ement trials  were
initiated during 1992 at Kulumsa (8°02'N
and 39°10°E) and Asasa (7°08'N and
39°13’E) research stations located in the
south-eastern highlands of Ethlog|a at
respective altitudes of 2200 and. 2360 m
respectively. During the main cro
(rlrowmg season (.e., June to_N,ovemberjp
ong-tefm mean: monthly minimum- and
maximum temperatures are 10.6 and 22.1
°C at Kulumsa and 6.7 and 22.7 °C at
Asasa; mean precipitation during the
main cropping_ season Is 504 mm at
Kulumsa and 472 mm at Asasa. Kulumsa
has clay soil (an intergrade between a
eutric Nitisol and g luvic Phagezem) and
Asasa clay loam soil (calcic Chernozem).

Trial design. Two trials; one mechanised
and one ox-plow were located at each of
Kulumsa and Asasa, The mechanised
trial  consisted of 12 treatments
comBrlsm_g the complete  factorial
combination of: (a) three levels of post-
harvest straw_management (SM)—straw
burning (BURN), partial straw removal
(50%2 (PARME) and complete retention
of straw (RET): (b) two_levels of
tillage—zero

conventional tlll_arqe C’\T/R at Kulumsa,
and minimum tillage (MT) CT. at
Asasa, and; gc) two levels' of cro pmg
sequence (CS)—continuous wheat an
one year of faba hean (Vicia faba)
follovved by two years of wheat.

The ox-plow trial consisted of eight
treatments comp_rlsm? the complete
factorial combination of: (a) two levels of
post-harvest  SM—straw burmnq and
partial removal (50%); (b) two levéls of

tillage  (ZT) and
and

tillage—MT and CT, and; (c) two levels
of CS—continuous wheat and one year
ofh fatba bean followed by two years of
wheat.

For each trial, all treatments were laid out
in a split-split-plot arrangement in_a
randomised completed block design with
three replications. SM treatments were
initiated in main plots of 20 x 20 m,
tillage in sub-plots of 10 x 20 m, and CS
in stb-sub-plots of 5x 20 m in 1992. All
treatments ‘were applied fo permanent
plots maintained over the trial duration.

CroR r_nana(tqe_ment practices. In the
mechanised frials, conventional tillage
consisted of one Fass with a tractor-
drawn disc plow followed by two passes
with a disc harrow during the “short
rains” fallow period in order to maximise
weed control. At Kulumsa, a tractor-
drawn “Aitchison Seedmatic 3000” zero-
till drill was used to sow seed plus basal
fertiliser for the CT and ZT treatments,
However, in the mechanised trial at
Asasa, one pass with a disk harrow was
used to incorporate broadcast seed and
fertiliser for the MT and CT treatments,

In the ox-plow trials, CT consisted. of
four plowings prior to sowing_(i.e.,
similar to farmers’ practice); for MT, one
Bass was done toincorporate the
roadcast seed and fertilizer.

For the MT and ZT treatments, chemical
fallow was substituted for tillage during
the “short rains” period each year;
glyphosate was applied at 720 8/ha active
|n%redlent_ (al.) as required during the
“short rains” Season to prevent weeds
from attalmn(r] a helglht 0f 20 cm with a
maximum of two applications per season.
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Partial straw removal simulated grazing
b?/ removing 50% of post-harvest crop
stubble. Thus, approximately 500 kg/ha
of stubble remained on the soil surface at
sowing time. Straw burning was carried
out during late January each year before
the “short rains” began. Plots with
complete straw_ reterition were left
undisturbed until spraying or tillage
operations began; more than 2 t/ha of
stubble remained on the soil surface at
sowing time.

Zone-specific _recommended levels for
the non-experimental crop management
factors were adopted for bread wheat and
faba bean during the trial period. Over
the trial period E31992 t0' 2 003, sowing
dates ranged from June 11 to 19 at Asasa
and from June' 26 to July 7 at Kulumsa.
As per the initial trial” plan, the best
recommended crop  cultivars  were
utilised each  season.  This  was
particularly |mFortant for bread wheat
since some cultivars succumbed to new
races of foliar rust pathog{ens (Puccinia
spp.) during the course of the trial. Thus,
over the trial duration, the bread wheat
cultivars  Enkoy (1992-93), Mitike
(1994), and Qubsa (1995-2000) were
sown at seed rate of 150 k%/ ha. From
1992 to 1994, bread wheat received a
basal N application of 41 kg/ha at
Kulumsa and 18 kg/ha at Asasa. From
1995 to 2000, newly-recommended
fertilizer rates were implemented, and
bread wheat received a basal
anllcatlon of 82 kg/ha at Kulumsa and
41 kg/ha at Asasa. During 1992, 1995
and 1998, faba bean culfivar CS20DK
was sown at seed rate of 200 kgz/ha and
basal N was applied to it at rate of 18
kg/ha at both Kulumsa and Asasa. Both

crops received a basal application of 20
kg P/ha each year, Due to the risk of
dama?e by spray drift, hand weeding was
done to cantrol weeds during 1992, 1995,
and 1998 when both wheat and faha hean
were sown. During 1993, 1994, 1996,
1997, 1999 and 2000, when all plots were
sown to wheat, weed control entailed a
Post-emergence sgpray application of a
ank mix of 0.069 kg a.i./hafenoxaprop-
P-ethyl + 0.175 kg a.i./ha fluroxypyr +
3.0kga.i/naMCPA.

Weed assessment: Weed count data
fno/mZ) were collected each year at each
ocation 30-35 days after crop emergence
and prior to the ‘first hand weeding or
herbicide application. Four counts 0f0.25
m2 each using metal quadrats were taken
from each plot, resulting in a total samFIe
area of 1 m2 All weeds within the
uadrat were uprooted and separated into
the different  Species and _counted,
Depending on weather conditions and
weed populations, grass weed panicle of
the major grass ‘weed species were
counted at maturity of wheat.

Statistical analysis: The weed count data
were transformied using a square_ root
transformation of actual data (i.e., SORT
[weed count /m2 + 0.5]) to satisfy the
assumptions of normalify of distribution
and homogeneous  variances.  The
adjustment constant of 0.5 was used for
count data to compensate for the 0 values
(i.e., when a weed species is absent from
a given plot). The transformed weed
density data were subgected to analysis of
variance separately for each trials. For
the  signiticant ~ factor interaction,
interaction means were separated by the
LSD test at P= 0.05.
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Results

The effects of the studied crop
management factors on density of weed
seedlln?_ varied with location due to soil
and climatic differences and weed
species. The results from the mechanised
and ox-plow trials, on total hroadleaf
weed (TBW) and total grass weed
(TGW)  population ~ densities  were
summarised in Tables 1-3). All the
means presented in the text and tables in
this section are detransformed from the
ANOVA means.

Straw management: TBW seedling
density was ~ affected by  stubble
management in the Kulumsa mechanised
trial urm9 1997, 1998 and 1999 (Table
1)f. In 1997 and 1998, complete reténtion
of crop stubble (RET) of crop stubble
resulted in more total broadleaf weed
density than to partial removal of crop
stubble (PARM) and burning of cro

stubble (BURN), respectively; in 199

TBW density was equal for RET and
PARM and” both were 5|%n|f|cantly
greater than BURN. In the Asasa
mechanised trial, a significant_effect of
stubble management on  TBW was
observed durlngf 1996 and 1999; in both
years, TBW values for PARM and RET
were equal and greater than TBW values
for BURN (Table 2).

In the Asasa ox-plow trial, a significant
effect of stubble management on TBW
was observed during 1995; 1997 and
2000; in 1995, TBW was greater for
BURN than for the PARM " treatment,
but,_in_1997 and 2000, TBW was denser
on PARM than on BURN (Table 1), The
ox-plow trial at Kulumsa didn’t exhibit a
significant effect of SM _on total
broadleaf density in any year (Table 1).

TGW seedling density was significantly
affected by~ SM In the ~ Kulumsa
mechanised trial during 1995 and 2000,
in the Asasa mechanised trial during
1998 and 2000, in the Kulumsa ox-plow
trial during 1996 and 1997, and in the
Asasa_ox-plow trial during 1995, 1998
and 2000 (Table 1). With only one
exception, density = of TGW" was
_S|gn|f|cantl3( low for the BURN treatment
in"each trial in which a significant effect
of SM was observed.

In the Asasa mechanised trial durin
1998, the TGW density for the BUR
treatment was lower than for RET, while
PARM was intermediate and equal to the
other two treatments.

Guizotia scabra seedlmgn density was
significantly ~ affected Dy the' SM
tréatments during 1995 inthe Kulumsa
mechanised trial “and during 1997 in the
Kulumsa ox-plow trial. In"1995 densit
of G, scabra was the lowest for PAR
but the highest for RET: in 1997, PARM
reduced the densﬂg of G. scabra relative
to BURN (Table d) Thus, the effects of
SM on G. scabra density were consistent
across the two trials.

SM affected  Amaranthus hYbndus
seedling densqy in the two trials at Asasa
during 1997 (Table 3?. In hoth trials, the
BURN treatment resulted in the lowest A,
hybridus  density. However, in the
mechanised trial; the PARM treatment
resulted in intermediate A. hybridus
density and equal to the other two
treatments. Density of the weed was the
highest for RET.

Seedling density of Setaria gumil_a Was
significantly affected by SM" in the
Kulumsa mechanised trial during 1995,
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in the Asasa_mechanised trial during

1995 and 1997 and in the Kulumsa ox-

P'-OW trial during 1996 (Table 4%._ In each
rial,_density of S, pumila was higher on
the PARMtreatment than on the other
two treatments.

Bromus pectinatus seedling density was
significantly affected by SM.in the
Kulumsa mechanised trial during 1999
and 2000, in the Asasa mechanised trial
during 1997, 1998 and 2000, in the
Kulumsa ox-plow trial during 1999 and
2000, and in the Asasa ox-plow trial
durm? 19941997 and 2000 (Table 5). In
each trial, the BURN treatment resulted
in the lowest B. pectinatus density in
wheat, reflecting a consistent effect of
stubble burning In reducing the seedling
density of B. pectinatus. In the Kulumsa
mechanised trial dunn_g 2000,. the
retention treatment exhibifed the highest
weed density, while the Asasa
mechanised trial during the same year
exhibited a h%gher density for PARM
than for RET (Table 5).

Tillage: Of the three crop management
factors, tillage exerted the = most
pronounced  effect on weed seedling
density. TBW seedling density was
significantly affected by tillage “in the
Kulumsa mechanised trial during 1994
and 1999, in the Asasa mechanised trial
during 1994, 1996, 1997, 1998 and 2000,
in_the Kulumsa ox-plow trial during
1994, 1998, and 1999, and in the ox-plow
trial at Asasa during 1993, 1997, 1999
and 2000 (Table 6). CT resulted in the
highest TBW density only in the
Kulumsa ox-plow trial” during 1998, In
the Asasa mechanised and ox-plow trials,
CT markedly increased TBW' density in
eight trials, while MT increased TBW
density in only the Asasa ox-plow trial

during 1999, TGW seedling density was
affected by tillage in the mechanised trial
at Kulumsa during 1995, 1996, 1999 and
2000; in the mechanised trial at Asasa
during 1998 and 2000; and in the ox-
plow trial at Kulumsa durm% 199 and
1997 (Table 6). However, the ox-plow
trial _at Asasa failed to exhibit a
significant effect of tillage on TGW
density in any year (Table 6()).

G. scabra density was affected _br tillage
in the Kulumsa mechanised tria durl_ngi
2000, in the Asasa mechanised tria
during 1999, and in the ox-plow trials at
Kulumsa and Asasa during 2000 éTabIe
2). In the Kulumsa mechanised and
Asasa ox-plow trials, CT resulted in a
higher G. scabra density than ZT/MT. In
the mechanised trial at Asasa and the ox-
plow trial at Kulumsa, MT resulted
Increased G. scabra density more than
under conventional tillage. Thus, the
effect of_tllla([;e on G. scabra density was
not consistent across.

Tilla%e si%nificantly affected the seedling
density of Amaranthus hybridus in the
Asasa” mechanised trial durm% 1994,
1996, 1997 and 2000: in the Kulumsa
mechanised trial during 1999: and in the
Asasa ox-plow trial during 1997 (Table

3)

Seedling density of Setaria Pumila Wwas
significantly aftected by tillage in the
Kulumsa mechanised trial during 1995;
in the Asasa mechanised trial during
1995, 1996 and 1997; and in the ox-plow
trials at Kulumsa and Asasa during 2000
(Table 4). In the Asasa mechanised and
ox-plow " trials, seedling ~density of
Setaria Pumlla significantly _increased
under CT more than under MT, but, in
the Kulumsa trials, the population density
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of S pumila increased under ZT/MT
(Table "4). Thus, the effect of tillage
practice on S. pumila density was Site-
specific, perhaps dependent on prevailing
soil and weather conditions.

Seedling density of Bromus pectinatus
was significantly affected by tillage in
the Kulumsa mechanised ftrial during
1999 and 2000; and in the Asasa
mechanised trial durln% 1996, 1998 and
2000 (Table 5). In all the five instances
of significance, seedling density of B.
pectinatus increased more under ZT/MT
than under conventional tillage.

Cropping sequence: TBW seedling
density was significantly affected by C

in the” Kulumsa mechanised trial during
1993 and in the Asasa mechanised trial
during 1996, 1999 and 2000 (Table 7)f. In
each ‘Instance of significance, the taba
bean rotation resulted significantly
increased TBW density than did the
continuous wheat treatment. The ox-plow
trials_at both sites failed to exhibit a
significant effect of CS on TBW density.
In" the mechanised trials, most of the
broadleaf weed species had high density
under_ the legume-wheat crop rotation,
|mpIy|n% that the residual N after the
legume harvest enhanced the vigor of the
broadleaf weed species. TGW seedlmg
density was significantly affected by C

In the” Kulumsa mechanised trial du_rlng
1997 and 2000: in the Asasa mechanise

trial during 199 and 2000: in the
Kulumsa oX-plow trial during 1996 and
1997; and in the Asasa ox-plow trial
during 199%.

Seedling density of G. scabra was
significantly affected by CS_ in the
mechanised trial at Kulumsa during 1993
and in the ox-plow trial at Kulumsa

during. 1993 and 1999 ?Table 2). During
1993 "in hoth trials, the Taba bean rotation
resulted in higher G. scabra density than
did continious wheat (CW). In the ox-
plow trial at Kulum_sa_d_urlnr]; 1999, G.
scabra density was mgmflcant y higher in
CW than in the faba bean rotafion (Table
2). The mechanised and ox-plow trials at
Asasa did not exhibit a significant effect
of CS on G. scabra density in any year .

CS significantly affected the seedling
density of Amaranthus hybridus in the
mechanised trial at Asasa during 1993
and 199; and in the ox-glow trials at
Asasa during 1996 and 1997 (Table 3%. In
the Asasa mechanised trial during 1993
and the Asasa ox-plow trial during 1997
density of A. hybridus 3|ﬁn| jcantly
increased under CW. In both trials at
Asasa during 1996, density of A
hybridus markedly increased under the
faba bean rotation more than under CW
(Table 3). In the mechanjsed and ox-plow
trials at Kulumsa, croPpmg sequence had
no significant effect on A" hybridus
den,m(tjy in any season throughout the trial
Peno (Table 3). These results suggest
hat the effect of cropping sequence on A,
hybridus density varies” markedly with
location and season.

CS significantly affected seedling density
of Sefaria pumila in the mechanised tril
at Asasa and in the ox-plow trial at
Kulumsa during 1996 and' 1999 (Table
4), In the Asasa mechanised trial during
1996 and 1999 and in the Kulumsa ox-
plow trial during 1996, population
density of S pumila 3|g1n|f|cantly
increased under CW. In the Kulumsa ox-
plow trial during 1999, density of S,
pumila in wheat markedly increased
under the faba bean rotation. CS
significantly affected seedling density of
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B. Fectmatus in the Asasa mechanised
trial during 1996 and 2000; in the
Kulumsa ox-plow trial durin 1999; and
in the Asasa ox-plow trial during 1994,
1996 and 1997 (Table 5).

Discussion

SM exhibited a relatively consistent
effecct on TBW and TGW seedling
density across the trials and seasons.
Burning of crop stubble reduced weed
seedling populations more than did the
other two treatments; complete stubble
retention tended to increase weed
densities to the greatest extent. In three of
the four instances of a significant SM
effect, the BURN treatment resulted in
the lowest seedling density of S. pumila.
However, in the Asasa mechanised trial
during 1995, the BURN treatment
resulted in intermediate and equal S.
pumila density to the other two
treatments.  Thus, SM reflected a
relatively consistent effect on S. pumila
density.

In most cases, TBW densqy_ Was
significantly higher under ZT/MT in the
Kulumsa mechanised and ox-plow trials
in Ethiopia. Tanner and Giref (1991)
reported _a higher densn)( of Guizotia
scabra, Plantago lanceolata and Galium
spurium under reduced tillage. In each
instance  of  significance, ~ ZTIMT
markedly increased TGW  density,
reflecting a consistent effect of reduced
tillage in increasing TGW density more
than” under  conventional " fillage.
Kamwaga (1990) indicated a higher
density of grass weeds under minimum
tillage” in wet conditions. Overall density
of “weed seedlmﬁ increased  under
minimum or zero tillage more than under
the  conventional tillage  practice.

Elsewhere, weed populations have heen
observed to build u raﬁldly under zero
or minimum tillage (Arshad et al., 1_994I),
necessitating thé use of increasingly

sophisticated po_st-emer?ence weed
management practices. Clements et al.
(1996()J and Giref et al. (1992) have

reported that some broadleaf weed
species germinate at reduced frequency
under zero tillage.

The effect of tillage treatment on the
population density of grass weed species
was consistent in both mechanised  trials
at Kulumsa and Asasa, CT sqmﬁcantl
reduced seedllngD density of the weed.
Repeated tillage rlnqs weed seeds to the
surface and exposes them to desiccation,
on one hand buries seeds deep in the soil,
creating . unsuitable  conditions  for
germ_matlon and growth, reducing the
ensity of some ‘weeds on the “other
(lAkobund_u 1987, Wilson and Cussans
985). Tillage had no effect on B.
Ft)ecltmatus density in the two ox-plow
rials.

Density of A. hybridus consistentl
increased _under "CT than ZT/MT.
However, in the Kulumsa ox-plow trial,
tillage treatment showed no effect on A.
hybridus density in ag year &Table 36. In
a_ previous study, Gireg et al. 1992
indicated that Amaranthus spP. exhibited
poor ?_ermmatlon on zero till plots, and
Guizotia scabra, Galinsoga parviflora
and Galium spurium also occurred at
lower densities under zero tillage
compared to CT.

In the six instances of significance,
continuous wheat_agmﬂcantlkl resulted in
more TGW seedling density than did the
Ieﬁume-vv_heat rotation. Thus, rotation of
wheat with faba bean is a promising
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means of reducing grass weed densities
in wheat. Grass weed species build up in
continuous wheat gproductlon systems
(Heenan et al. 1990). The population
density of B. pectinatus_ in" wheat
increased under CW (Table 5), reflecting
a higher infestation' of the weed in
continuous wheat production  systems.
Herbicidal control of other grass’ weeds
by the application of fenoxaprop-p-ethyl
might have contributed to the increase In
numbers of this weed species since the
chemical does not control Bromus
SPECies.

Conclusions

Weed species responded differentially to
the crop mana?ement factors included in
the current sud?/. Partial removal or
retention of stubble tended to increase the
density of some broadleaf weed species
whereas, the bum treatment reduced
weed density. Total grass weed density
showed a consistent pattern across trials:

burning crop stubble markedly reduced
the wéed population more than did the
other SM" treatments. The effects of
tllla(t;,e also varied with weed species and
location. Broadleaf weeds did not exhibit
a consistent response to_tllla?e_ in nither
the ox-plow nor mechanised frials. Grass
weeds, however, markedly increased in
density under MT or ZT. Broadleaf
weeds did not vary markedly in response
to CS, but most grass weeds decreased in
the faba bean rotation.

The density of Bromus Feotlnatus could
be reduced by occasional burning of crop
stubble, by Conventional tlIIa%e and by
adopting croB_ rotation with Taba bear.
Since no herbicide is currently available
to effectively control this problematic
weed species in Ethiopia, care must be
taken to avoid inducing a weed
population shift towards B. pectinatus
Le., by practicing continuous wheat
production under Teduced tillage with
stubble retention).



Table 1. Effects of straw management on total broadleaf and total grass weed population density

Kulumsa
Mechanized Burn
Removal
Retention

Prob

Kulumsa Burn
Ox-plow Removal
Prob

Asasa Burn
Mechanized Removal
Retention
Prob

Asasa Burn
Ox-plow Removal
Prob

1993
TBW

135
110
139
NS

136
125
NS

62.4
57.8
88.9
NS

66.3
59.8
NS

1994
TBW

62.9
73.1
60.1
NS

915
79.6
NS

34.8
49.0
57.8
NS

24.8
24.8

1995
TBW

58.8
41.5
7.42
NS

49.6
36.8
NS

66.7
49.7
56.7
NS

20.7A
8.6B
*

TGW

11.9B
39.2A
27.9A

14.8
16.3
NS

101.2
151.0
98.0
NS

928
557A

1996
TBW

20.6
22.1
27.1
NS

23.9
24.7

33.3B
69JA
67.7A
t

26.3
40.0
NS

TGW

2.56
2.25
1.67
NS

4.32B
69.3A

7.84
19.7
20.3
NS

25.8
15.0
NS

1997
TBW

48AB
40B
51A

t

64.3
78.5
NS

82.2
96.4
96.4
NS

39.5B
65.1A
t

TGW

231
3.50
5.38
NS

2.37B
3.31A

16.6
30.1
44.9
NS

21.3
29.3
NS

1998
TBW

21.9B
22.5AB
38.3A
t

42.9
73.9
NS

72.0
100
108
NS

38.6
63.4
NS

t. *. ** ** Statistically significant at 0.05 < P<0.1, 0.01 <P< 0.05, 0.001 < P< 0.01, and P <0.001, respectively.
Values within a column for each trial followed by the same or no letter(s) are not significantly different at the 5% level of the LSD test (or 10% level where indicated by the

probability).

TGW

1.32
3.68
5.15
NS

3.92
5.71
NS

27B
90AB
104A
t

16.7B
70.0A
*%

1999
TBW

107B
188A
207A
*

188
184
NS

43B
66A
70A
*

37
a7
NS

6.74
4.19
NS

30

48
NS

18
27
NS

2000
TBW

49

59
NS

56
56
NS

40
53
63
NS

15B
24A
*%

TGW

92B
128AB
160A

*

61
95
NS

53C
368A
261B
*%

86B
327A

All values detransformed from ANOVA means [i.e., based on SQRT (weed count/m2+ 0.5)]. Probability levels and LSD groupings determined from ANOVA on transformed

data.

TBW = Total broadleaf weed; TGW = Total grass weed
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Table 2. Effects of crop management treatments on Guizotia scabra seedling density

KuMec93 KuMec95  KuMecOO AsMec99 KuOx93 KuOx97 KuOx99 KuOxOO AsOxO0
Straw management

Bum 7.68 0.78AB 2.68 421 7.79 1.01A 4.73 4.42 2.36
Remove 6.11 0.54B 1.66 221 9.05 0.67B 6.85 4.84 2.28
Retain 9.49 2.19A 0.53 2.17 - " - - -
Prob. NS P<0.1 NS NS NS NS NS NS
Tillage
Conventional 8.56 0.89 2.47A 1.99B 9.68 0.69 6.20 2.63B 3.46A
Zero/Minimum 6.95 1.30 0.78B 3.73A 7.23 0.99 531 7.12A 1.75B
Prob. NS NS i P<0.1 NS NS NS P<0.1
Cropping sequence
Faba bean rotation 16.5A - 1.08 3.82 12.6A 0.89 4.38B 5.26 0.62
Continuous wheat 4.52B - 2.02 1.92 6.47B 0.75 7.28A 4.03 2.88
Prob. — NS NS * NS NS NS
Mean 7.74 111 1.52 2.80 8.38 0.83 5.75 4.65 2.56
C.V.(%) 29.7 285 41.3 48.5 37.7 62.0 18.7 44.3 29.3

« o = Statistically significant at 0.01 < P €0.05, 0.001 <P <0.01, and P < 0.001, respectively.

KuMec = Kulumsa mechanized; KuOx = Kulumsa oxen plow; AsMec = Asasa mechanized;

AsOx = Asasa oxen.

All values detransformed from ANOVA means [i.e., based on SQRT (weed count/m2+ 0.5)]. Probability levels and LSD groupings determined from ANOVA on
transformed data.

Values within a column for each trial followed by the same or no letter(s) are not significantly different at the 5% level of the LSD test (or 10% level where indicated
by the probability).
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Table 3. Effects of crop management treatments on Amaranthus hybridus seedling density

KuMec99 AsMec93 AsMec94 AsMec96 AsMec97 AsMecOO AsOx96 AsOx97
Straw management

Burn 1.23 9.42 2.74 173.7 13.6B 1.57 8.5 10.9B
Remove 0.80 4.42 2.39 3235 20.4AB 3.38 63.5 15.4A
Retain 1.24 9.55 2.74 547.1 28.9A 3.82 - -
Prob. NS NS NS NS P*0.1 NS NS P<0.1
Tillage
Conventional 1.96A 10.0 3.91A 728.5A 31.0A 5.26A 31.6 19.4A
Zero/Minimum 0.40B 5.50 1758 80.5B 10.7B 1.59B 27.9 7.85B
Prob. NS NS
Cropping sequence
Faba bean rotation 1.36 5.65B 311 483.5A 24.1 3.62 48.5A 10.5B
Continuous wheat 0.83 10.2A 2.74 224.5B 171 2.15 *15.58 15.9A
Prob. NS P<0.1 NS NS NS
Mean 1.08 7.62 2.74 330.7 20.5 2.85 29.8 13.0
C.V.(%) 46.9 30.9 32.6 62.2 32.8 39.5 57.4 18.1

* = Statistically significant at 0.01 < P < 0.05

KuMec = Kulumsa mechanized; AsMec = Asasa mechanized; AsOx = Asasa oxen.

All values detransformed from ANOVA means [i.e., based on SQRT (weed count/m2+ 0.5)]. Probability levels and LSD groupings determined from ANOVA on
transformed data.

Values within a column for each trial followed by the same or no letter(s) are not significantly different at the 5% level of the LSD test

uoneindod psam Ww saonoesd Bulwirey o SP8y3



Table 4. Effects of crop management treatments on Setaria pumila seedling density

KuMec95 AsMec95 AsMec96 AsMec97 AsMec99 KuOx96 KuOx99 KuOxOO0 AsOx00
Straw management

Burn 10.6C 12.2AB 2.74 7.17B 10.1 1.52B 0.74 9.35 2.03
Remove 33.7A 24.1A 2.39 11.3A 7.92 17.6A 1.60 3.62 2.81
Retain 23.8B 9.55B 3.11 7.34B 9.27 - - -
Prob. P<0.1 NS NS P<0.1 NS NS NS
Tillage
Conventional 9.42B 24.7A 4.79A 12.7A 10.6 2.29 1.65 3.82B 4.16A
Zero/Minimum 38.9A 7.23B *1.468 461B 7.92 155 0.64 9.04A 1.06B
Prob. ek P<0.1 NS NS NS *
Cropping sequence
Faba bean rotation - - 1.19B 8.80 3.31B 0.67B 2.16A 7.28 1.57
Continuous wheat - - i.?QA 7.62 %Z.QA 20.5A 0.36B 5.26 3.38
Prob. - - NS NS NS
Mean 21.6 14.8 2.75 8.20 9.29 7.51 1.14 6.20 2.42
C.V.(%) 23.1 61.4 55.0 54.3 45.1 103.4 50.9 56.7 45.1

*, ok xkk Statistically significant at 0.01 < P < 0.05, 0.001 < P <0.01, and P < 0.001, respectively.

KuMec = Kulumsa mechanized; KuOx = Kulumsa oxen plow; AsMec = Asasa mechanized; AsOx = Asasa oxen.

All values detransformed from ANOVA means [i.e., based on SQRT (weed count/m2+ 0.5)]. Probability levels and LSD groupings determined from ANOVA on
transformed data.

Values within a column for each trial followed by the same or no letter(s) are not significantly different at the 5% level of the LSD test (or 10% level where indicated by
the probability).



Table 5. Effects of crop management treatments on Bromus pectinatus seedling density

Straw management
Burn
Remove
Retain
Prob.

Tillage
Conventional
Zero/Minimum
Prob.

Cropping sequence
Faba bean rotation
Continuous wheat
Prob.

Mean

C.V.(%)

KuMec99

0.00B
2.41AB
4.15A
P<0.1

0.15B
4.53A
*

1.05
2.75
NS
1.82
102.9

5.95C
21.1B
66.2A

7.458
66.2A

7.70
44.5
NS

29.6
75.5

1.35
10.3
11.3
NS

2.89B
12.0A
3.26B
11.4A

6.26
43.0

2.36B
12.9A
16.3A
*

4.08
17.2
NS

7.85
11.5
NS

9.55
70.9

KuMecOO AsMec96 AsMec97 AsMec98

3.38B
50.5A
57.7A

14.7B
52.4A
*

30.7
49.7

AsMecOO

14.2C
324.5A
216.8B

60.5B
271.8A

73.5B
247.0A

148.3
39.5

* o+ kR Statistically significant at 0.01 < P <0.05, 0.001 < P< 0.01, and P < 0.001, respectively.

KuMec = Kulumsa mechanized; KuOx = Kulumsa oxen plow; AsMec = Asasa mechanized; AsOx = Asasa oxen.

KuOx99

1.86B
9.27A

**

4.93
4.93
NS

1.03B
11.2A

4.93
40.3

KuOxOO  As0x94

12.7B
45.1A

*kk

28.6
24.5

211
32.4
NS

26.5
28.0

48.2B
147.9A

*

80.7
102.6
NS

57.98
103.5A

91.3
22.3

AsOx96

16.2
203.9

NS

86.5
81.9
NS

30.6B
163.3A

84.3
60.9

AsOx97

6.47B
15.4A

"]

7.85
135
NS

6.42B
36.1A
P<0.1
10.5
44.8

AsOxO0

77.1B
323.5A

P<0.1

1845 -
173.7
NS

127.2
239.8
NS
179.5
44.2

All values detransformed from ANOVA means [i.e., based on SQRT (weed count/m2+ 0.5)]. Probability levels and LSD groupings determined from ANOVA on transformed

data.

Values within a column for each trial followed by the same or no letter(s) are not significantly different at the 5% level of the LSD test (or 10% level where indicated by the

probability).
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Table 6. Tillage effects on total broadleaf and total grass weeds population density

1993 1994 1995 1996 1997 1998 1999 2000
TBW TBW TBW TGW TBW TGW TBW TGW TBW TGW TBW TGW TBW TGW
Kulumsa 128 52.6B 55.9 11.5B 24.0 2.89B 44.3 3.27 1.04 2.10 90.3B 54B 50 67B
Mechanized CT
ZT 130 79.2A 47.3 iS.GA 26.0 9*.*76A 49.8 7.04 1.12 1.08 *2*60A 95A 43 }*96A
Prob NS t NS NS NS NS NS NS NS
Kulumsa CT 119 69.6B 49.4 12.1 21.1 17.3B  67.2 1.66B 584A 734 11.5B 8.64 42.8 79.6
Ox-plow MT 118 102A 485 19.4 22.5 §*9.0A 75.7 Q.SSA §O.SB 2.78 210A 2.86 71.9 74.6
Prob NS NS NS NS NS NS t NS NS NS
Asasa CT 73.1 68.9A 62.3 106 85A 13.6 118A 27.6 30.0A 43B 56.3 36.2 70A 90B
Mechanized MT  65.1 29.2B 52.9 126 il*%B 17.2 58B 30.5 }3.48 192A 63.0 39.2 §*GB *3*17A
Prob . NS t NS NS NS NS NS NS
Asasa CT 74.1A 183 15.5 10.6 27.9 9.80 61.9A 29.9 50.6 45.4 379B 21.2 24A 189
Ox-plow MT *52.7B 21.7 12.3 16.6 38.4 10.3 il*Z.lB 20.8 49.7 38.8 43.3A 23.7 18B 175
Prob NS NS NS NS NS NS NS NS t NS t NS

f, * ** *** Statistically significant at 0.05 < P <0.1, 0.01 < P < 0.05, 0.001 <P <0.01, and P < 0.001, respectively.

Values within a column for each trial followed by the same or no letter(s) are not significantly different at the 5% level of the LSD test (or 10% level where indicated
by the probability).

All values detransformed from ANOVA means [i.e., based on SQRT (weed count/m2+ 0.5)]. Probability levels and LSD groupings determined from ANOVA on
transformed data.

TBW = Total broadleaf weed; TGW = Total grass weed
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Table 7. Cropping sequence effects on total broadleaf and total grass weeds

Effects of farming practices on weed population

population density

1993 1994 1996
TBW TBW TBW TGW
Kulumsa
Mechanized FB 146A 64 27.0 3.40
CW 114B 60 23.0 6.25
Prob ) NS NS NS
Kulumsa FB 120A 77.6 26.7 16.6B
Ox-plow CW 96B 97.4 21.9 40.1A
Prob P<0.1 NS NS
Asasa FB 70.3 81A 749A 8.52B
Mechanized CW 68.9 65B 49.3B 24.2A
*% * *kk
Prob NS
Asasa FB 67.6 21.9 37.1 6.5B
Ox-plow CW 71.9 20.7 29.1 13.6A
Prob NS NS NS )

1997 1999 2000

TBW TGW  TBW TGW  TBW TGW
43.9 2.40B 186 54 49.9 94B
19.6 5.15A 144 62 43.3 157A
NS . NS NS NS .
27.2 2.68B 211 5.54 64 73
27.8 3.13A 163 5.59 50 81
NS NS NS NS NS
85 2.56 68A 34.3 61A 104B
85 2.25 22B 41.3 42.B 292A
NS NS NS i
54.8 22.6 40.3 18 22 131
47.5 27.8 43.0 23 15 243
NS NS NS NS NS NS

t, * ** ** Statistically significant at 0.05 < P <0.1, 0.01 <P <0.05, 0.001 <P <0.01, and P < 0.001,

respectively.

Values within a column for each trial followed by the same or no letter(s) are not significantly different at the
5% level of the LSD test (or 10% level where indicated by the probability).

All values detransformed from ANOVA means [i.e., based on SORT (weed count/m2+ 0.5)]. Probability
levels and LSD groupings determined from ANOVA on transformed data.

TBW = Total broadleaf weed; TGW = Total grass weed
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