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a b s t r a c t

Weedmanagement under conservation agriculture (CA), especiallywhenmanually controlled is one of the
major setbacks for thewidespread adoption of CA in southern Africa. This studywas conducted at three on-
station and three on-farm sites: CIMMYT-Harare, Domboshawa Training Centre and Henderson Research
Station (on-station sites), Hereford farm, Madziva communal area and Shamva communal area (on-farm
sites). The evaluation focused on the effect of initial herbicide application and succeedingmanual weeding
whenever weeds were 10 cm tall or 10 cm in length for grasses with stoloniferouserhizomatous growth
habit. Weeds counts, weeding time and grain yields were collected at all on-station sites. At the on-farm
sites, weed counts were done before weeding and a number of farmers were timed during weeding. The
results showed that herbicides use reduced the weed density and time taken on weeding at all sites.
Combining herbicides e.g. atrazine, glyphosate andmetalachlor had the lowest weed density andweeding
time at all sites. However, the treatments had no effect on maize grain yields suggesting that appropriate
and timelymanualweeding reduced crop/weed competition.Herbicides treatments had higher input costs
than manual weeding due to the additional cost of herbicide but the treatment with manual weeding only
had more overall labour days compared to the mixture of three herbicides. In order to achieve economic
benefits, smallholder farmers may use the time for value addition e.g. expand cropped land area, use time
for value addition, or sell newproducts on themarket. Herbicides use reduces themanual labour needed to
control weeds andminimise total crop failure due to untimelyweeding hence, herbicides are an important
but not the only weed control option under CA systems in Zimbabwe.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Conservation agriculture (CA) is a crop management system
being promoted in southern Africa due to its potential to conserve,
improve and make efficient use of water and nutrients (FAO,
2002). CA is based on three principles: a) zero or minimum soil
disturbance, b) maintenance of permanent organic soil cover and
c) diverse crop rotations and associations (Kassam et al., 2009).
Potential benefits of CA include reduced soil erosion and water
run-off (Derpsch et al., 1986; Thierfelder and Wall, 2009),
increased rainfall use efficiency (Thierfelder and Wall, 2009), early
planting (Haggblade and Tembo, 2003), increased soil quality and
biological activity (Thierfelder and Wall, 2010), and savings in on-
farm labour (Sorrenson et al., 1998).

Smallholder farmers in southern Africa face a number of chal-
lenges including low income, insufficient technical knowledge,
small land sizes (average of 2.1 ha) and poor farming equipment
(Chamunorwa, 2010). The elimination of conventional tillage
practices results in increased weeding pressure especially in the
early years (Vogel, 1994b) and the need for effectiveweed control is
limited by insufficient farm labour. No-tillage combined with res-
idues under CAmay also lead to a change in themicro-environment
leading to a shift in weed flora intensifying the weed management
problems (Derpsch, 2008).

Many smallholder farmers in Zimbabwe rely on manual weed
control using hand hoes (Mandumbu et al., 2011), which is labour
intensive and is slowed down by the presence of residues (Vogel,
1994b). Hand hoeing may require up to four weeding times during
the cropping season for effective weed control (Mashingaidze et al.,
2012). Therefore, there is need for effective weed control strategies
that reduce labour requirement while being feasible within the
farmers’ circumstances. Weed management practices such as
manual weeding and herbicides facilitate the decrease in weed
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pressure (Norsworthy and Frederick, 2005). Integration of highly
competitive green manure cover crops into the farming systems
may also reduce weed pressure (Caamal-Maldonado et al., 2001).
However, the availability of appropriate knowledge on integrated
weed management is not available at farm level. Use of green
manure cover crops e.g. velvet beans (Mucuna pruriens L.) is not
perfectly adapted to the smallholder farmers’ circumstances, as the
grain cannot be easily consumed without significant processing.

Herbicides are a potential strategy for effective weed control un-
der CA. Glyphosate [N-(phosphonomethyl) glycine], paraquat (1,10-
dimethyl-4,40-bipyridinium), metalachlor (2-chloro-N-(2-ethyl-6-
methylphenyl)-N-2-methoxy-1-methylethyl) acetamide and atra-
zine (2-Chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) are
readily available products at most chemical agro-input suppliers of
Zimbabwe. However, most of these enterprises operate in urban
areaswhichandcannotbeeasilyaccessedby farmers in remote areas.
Some herbicides such as atrazine can bemixedwith other herbicides
(e.g. glyphosate andmetalachlor). This increases the controlledweed
spectrum and reduces herbicide failure.

Although the use of atrazine is relatively common and widely
promoted under maize production, its residual effects are likely to
affect the succeedingbroadleavedcrops (e.g. a legumecrop following
maize in a maize-legume rotation). In addition, the use of atrazine
raised concerns over human and animal toxicity when it was found
in drinking water but currently the cumulative risk assessment of
this herbicide is not yet conclusive (Williams et al., 2010).

Few economic studies have been carried out to provide evidence
and support the widespread use and feasibility of herbicides in CA
under smallholder farmers’ conditions in southern Africa. The
objective of this study was to evaluate the effectiveness and eco-
nomic benefits of manual and chemical weed control strategies
under CA in Zimbabwe.

2. Materials and methods

2.1. Site description

The experiments were established at six sites; three on-station
and three on-farm sites that receive rainfall in one main cropping
season between November and March in a unimodal pattern. The
sites generally have a long dry period (April to October) where April
to July is cool and August to October is warm. All sites are in the
Zimbabwean agro-ecological region II characterised by annual
rainfall of between 700 and 1000 mm. Mean maximum daily tem-
peratures during summer can exceed 32 �C. The region is suitable for
intensive crop and livestock production.

2.1.1. Research station sites
CIMMYT-Harare (17�800S, 31�500E and 1503 m.a.s.l.), is a

research station located at the University of Zimbabwe Farm on red
clay soil, classified as Chromic Luvisol. The soils are characterised by
high clay content of up to 40% and organic matter content with a
pronounced granular structure (Nyamapfene, 1991). Domboshawa
Training Centre (DTC) (17�370S 31�100E and 1560 m.a.s.l.) site is
characterised by moderately deep Arenosols and Luvisols under FAO
classification (Vogel, 1994b) that have 5% clay content and are
derived from granite parent material. Henderson Research Station,
HRS, (17� 340S, 30� 540E and 1136 m.a.s.l.) is on sandy soils (Are-
nosols) of poor fertility (>80% sand) derived from granite parent
material (Thierfelder and Wall, 2009).

2.1.2. On-farm sites
The on-farm sites include Hereford farm (17�420S, 31�450E and

1077 m.a.s.l.), a former commercial farm located in Bindura district,
characterised by heavy red clay soils of up to 40% clay content

and rich in organic matter (Nyamapfene, 1991), classified as Chro-
mic Luvisols. Madziva communal area (17�010S, 31�410E and
1181 m.a.s.l.) in Shamva district, is characterised by sandy soils
classified as Arenosols derived from granite parent material
(Thierfelder et al., 2012). Chikato School (17�190S, 31�490E and
1161m.a.s.l.) also in Shamva district has Chromic Luvisols rich in clay
and organic content. Farmers at all the three on-farm sites grow
maize as a staple crop and some cash crops such as cotton (Gos-
sypium hirsutum L.) and tobacco (Nicotiana tabacum L.). Cowpeas
(Vigna unguiculata (L.) Walp), soyabeans (Glycine max (L.) Merr.)
and groundnuts (Arachis hypogaea L.) are also common in these
areas but grown on small pieces of land. Most of the farmers in
these areas own small numbers of cattle and farming is their main
source of livelihoods. Unconventional small-scale gold mining is
widespread too as a source of income.

2.2. Description of experiments

2.2.1. On-station experiments
The experiments were established at three on-station sites in

2009e10 season. At all three sites, maize was grown under rain-fed
conditions, no-tillage and 2.5 t ha�1, maize residues uniformly
spread in each plot. In 2009e10 season, the maize hybrid ZS261 (a
mediummaturing maize quality protein maize hybrid, which takes
approximately 135 days to reach maturity) was planted at all sites
which was changed in 2010e11 season to the maize hybrid Pristine
601 (a medium maturity hybrid which matures in 135 days after
sowing). The change in variety was necessary because ZS261 was
prone tomaize streak virus. Each site had six treatments as follows:

a. Manual weeding with hand hoe only, whenever weeds were
10 cm tall or 10 cm in length for grasses with stoloniferouse
rhizomatous growth habit (when weeds are still young, a
common practice by smallholder farmers).

b. Paraquat at 1.0 l ha�1 (0.25 l ha�1 a.i (active ingredient)) at
seeding plus manual weeding whenever weeds were 10 cm tall
or 10 cm length of grasses with stoloniferouserhizomatous
growth habit.

c. Glyphosate at 2.5 l ha�1 (1.025 l ha�1 a.i) at seeding plus
manual weeding whenever weeds were 10 cm tall or 10 cm
length of grasses with stoloniferouserhizomatous growth
habit.

d. Atrazine at 3.6 l ha�1 (1.80 kg ha�1 a.i) at seeding plus manual
weeding whenever weeds were 10 cm tall or 10 cm length of
grasses with stoloniferouserhizomatous growth habit.

e. Glyphosateþ atrazine 2.5 l ha�1 (1.025 l ha�1 a.i) plus 3.6 l ha�1

(1.80 kg ha�1 a.i) respectively at seeding plus manual weeding
whenever weeds were 10 cm tall or 10 cm length of grasses
with stoloniferouserhizomatous growth habit.

f. Glyphosateþ atrazineþmetalachlor 2.5 l ha�1 (1.025 l ha�1 a.i)
plus 3.6 l ha�1 (1.80 kg ha�1 a.i) plus 1.0 l ha�1 (0.96 l ha�1)
respectively at seeding plus manual weeding whenever weeds
were 10 cm tall or 10 cm length of grasses with stoloniferouse
rhizomatous growth habit.

The experiment was laid out as a randomised complete block
design (RCBD) with six treatments replicated three times at each
experimental site. Maize received a basal application of 150 kg ha�1

(11 N, 21 P2O5 and 11 K2O), and 150 kg ha�1 ammonium nitrate
(52 N) applied as a top dressing, split applied at four and seven
weeks after emergence.

2.2.2. On-farm experiments
Ten demonstration plots that were established in the 2004/05

season at the three on-farm sites were used in this experiment. The
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