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kg ha™. The pre-emergence herbicides treatments gave yields of 2138 and 2356 kg ha™ of
cotton and maize respectively. The higher weed densities in PB under hand weeded
treatments underscored the need for other weeding options. Similarly, a mixture of cyanazine
+ alachlor in cotton and atrazine + alachlor in maize is recommended for suppressing broad

leaf and grass weed populations and enhancing yields in PB systems.

Keywords: conservation tillage, herbicide mixtures, on-farm trial, weeding system

6.2 INTRODUCTION

Conservation Agriculture (CA) is being promoted as a sustainable method of farming that
leads to increased vyields and reduced soil erosion and labour requirements for land
preparation (Govaerts et al., 2009). In Zimbabwe, a hand based hoe CA system has been
widely promoted in the SH farming communities since 2004 (Marongwe et al., 2012). The
central component of this package is the planting basin, which is a small hole dug with a hand
hoe in which seeds are sown (ZCATF, 2009). The hand based CA system Planting basin (PB)
a form of minimum tillage is particularly appropriate to southern Africa because the majority
of SH farmers struggle to plant their fields on time due to lack of draught animals (Wall,
2007; Twomlow et al., 2008). Planting in basins occurs in November or December after the
basins have captured rainwater and then allowed to drain naturally at least once (PRP, 2005;
ZCATF, 2009). Smallholder farmers without animal draught power can plant soon after
effective rains rather than waiting for draught animals to become available several weeks into
the season. In addition, farmers are encouraged to spread crop residues as a surface mulch to

cover at least 30 percent of the surface (Kassam et al., 2009; FAOQ, 2012).
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Notwithstanding that CA could increase crop production for SH farmers, weed management,
particularly in the early years of adoption (Mazvimavi & Twomlow, 2009), has been one of
the primary production challenges for SH farmers adopting this system. Traditionally, tillage
is used as a means of preparing a weed free seedbed. However, due to the absence of tillage
in CA, the density of weeds would be expected to increase particularly early in the season
(Johansen et al., 2012). Weed management has been one of the major factors that affect crop
production in the SH farming sector even before the introduction of PB (Mandumbu et al.,
2011). Early in the season, farmers often delay weeding to concentrating on planting, because
of the limited labour (Makanganise et al., 2001). Most of the farmers would rather prefer to
continue planting their fields as they take advantage of the moisture. Consequently, the delay
in weeding often resulted in increased crop-weed competition for light, water, nutrients,
space and some weeds may have some allelopathic effects (Meksawat & Pornprom, 2010).
Crop yield losses under un-weeded conditions have been reported to be more than 30 percent
in Zimbabwe (Rambakudzibga et al., 2002; Mashingaidze, 2004), and in Nigeria, between 55
to 90 percent for maize, and 80 percent for cotton (Ishaya et al., 2007). In Chapter 4 the
estimated yield losses under PB were higher than CONV being represented by 5.91, 1.60 and
10.86 percent under PB for loamy, sandy loam and clay loam soils; the corresponding yields

losses for CONV were 2.75, 1.40 and 6.80 percent under maize crop.

The predominant weed control practice on SH farms under PB is hand hoe weeding. Other
methods of weed control, which include the use of ox drawn implements such as ploughs and
tine cultivators are discouraged because they increase soil disturbance (Vissoh et al., 2004).
Hand weeding consists of hand-pulling, hand slashing and hoeing of weeds. However, hand
hoe weeding is slow and constitutes 50 to 70 percent of total labour time for SH farmers

(Chikoye et al., 2007). Hand hoe weeding is further slowed down in CA because of the
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higher weed densities (Muoni et al., 2013). Under PB, farmers would need to weed up to four
times during the cropping season to ensure effective weed control (Mashingaidze et al.,
2012). The increased weed density and labour requirements in PBexacerbate the labour
shortfalls already pervassive in the SH farming sector. Rural-urban migration of young
people, including to neighbouring countries, has affected the availability of labour required

for hand hoe weeding within the SH farming communities.

Considering the numerous challenges faced by SH farmers on weed management, the use of
the hand hoe as the only method of weed control in PB is not adequate to meet increased
weed challenges. This underlines the need for other effective weed management options,
which take into consideration the increased weed density and diversity in PB. The use of
herbicides for weed control in addition to hand hoe weeding, could offer substantial benefits
for the SH farming sector. Herbicides can reduce weed pressure and labour costs associated
with weed control for the SH farmers. Herbicide usage may increase the capacity of SH
farmers to effectively deal with weed pressure, especially during the critical weed free period
and in wet conditions. Glyphosate and pre-emergence herbicides such as atrazine, cyanazine
and alachlor have been used effectively in conventional tillage (CONV). However, the
effectiveness of herbicides in PB in the SH sector has not been determined. The herbicides
validated for use in CONV systems may be different in PB systems which have higher weed
densities and a very different and diverse weed spectrum.

The objective of this study was to evaluate the effectiveness of herbicides under PB systems

through their effect on weed emergence, crop growth and yield.
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6.3 MATERIALS AND METHODS

6.3.1 Experimental Procedure

Field trials were conducted during the 2009/2010 and 2010/2011 cropping seasons in
Kadoma, Zimbabwe. A cotton crop was planted during 2009/2010 followed by maize in the
2010/2011 season. The study area was described in Chapter 4 section 4.3.3.

The experiment was laid out as a split plot replicated three times at each farm. Tillage system
was the main plot encompassing with two levels i.e. conventional (CONV) and PB. Weeding
options represented sub plots as follows:

1) Hand hoe weeding at three, six and nine weeks after crop emergence (WACE) for
both crops.

2) Cyanazine (2-(4-chloro-6-ethlyamino-1, 3, 5-triazin-2-ylamino)-2-ethlypropionitrile)
at 4 kg a.i ha™* for cotton and atrazine [2-chloro-4-(ethylamino) -6- (ospropylamino) s-
triazine] for maize at 1.46 kg a.i ha™applied as pre-emergence herbicide.

3) Glyphosate ((glycin, N- (phosphomethyl)-D) CgH19N5sS) at 0.9 kg a.i ha™ at planting
followed by hand hoeing at 6 WACE for both crops.

4) Alachlor (2-chloro-N-(2, 6-diethylyphenyl)-N-(methoxymthyl) acetamide) 0. 960 kg
a.i. ha™ tank mixed with cyanazine at 4 kg a.i ha™ applied pre-emergence for cotton
and alachlor 0.960 kg a.i. ha™ tank mixed with atrazine at 1.46 kg a.i ha™‘applied as pre-
emergence herbicides for the maize crop.

The main plot size was 21.6 m * 6 m and the sub plot measured 6 * 5.4 m. A medium
maturity cotton variety, Albar SZ 9314 and medium maturity maize variety, PGS61 were
planted in all the 18 farmers’ fields. The cotton crop was sown in rows 0.90 m apart and 0.3

m spacing within rows to give a population of 37 037 plants ha™ Maize was sown at a
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spacing of 0.75 m between rows and 0.6 m within rows to give a population of 44 000 plants
ha*. All farmers applied a basal fertiliser for maize (8N-14P-8K) and cotton (5N-8P-10K), at
a rate of 200 kg ha™. A nitrogen fertiliser (34.5 % N) was split applied to both cotton and
maize at a rate of 100 kg ha™ at 6 and 9 WACE. All herbicides were applied with a knapsack
sprayer that delivered 15 L spray solution through flat fan nozzles that evenly covered a

swath width of 0.3 m. The spray volume was 200 L ha™ and spray pressure was 250 kPa.

Weed seedlings were counted in three 0.35 m? quadrats placed diagonally in each sub plot. A
method described by Barbour et al. (1987) was used to determine the number of quadrats
required to obtain a representative sample in each plot. The weed densities were expressed as
seedling density per square metre for each weed species. Weed species richness, evenness,

and diversity were calculated for each treatment after Magurran, (1988) as shown below,

Equation 1-3:
. : S-1
Richnessindex R = (D
Log N
: 1/(A-1)
Evenessindex E =—"r (2)
s n n
Diversity index H' = Z — [n< (3)
=g N N

Where, S = total number of species; N = total number of individuals in a given area; n.=

number of individuals of the i species of the area; A = the probability that two weed species
taken at random from the sample represent the same type of weed species; H measures
species diversity through proportional abundance of species, with a higher value signifying a
more diverse community.

Yield assessment for cotton and maize were determined by measuring the cotton lint and

maize grain weight from four middle rows of each net plot measuring 4 m. Maize grain yield
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was adjusted to standard moisture of 12.5 percent and cotton lint yield was adjusted to 14

percent moisture content.

6.3.2 Data Analysis

Before statistical analysis was performed on the weeds data, a Bartlett’s test (Snedecor &
Cochran, 1983) was carried out to determine the homogeneity of variances. A larger test
statistic than the critical value indicated a need to transform the data to homogenise
variances. Square root (x + 0.5) transformation was deemed appropriate for the data which
had values less than 10 and zeros present. All the data was subjected to analysis of variance
(ANOVA) using SAS procedures (SAS, 2010). The farmer groups (high, medium and low
resourced were denoted as Farm Type 1, 2 and 3, respectively in the results section) that were
based on farmer resource heterogeneity identified in Chapter 4 were used as covariates in the
ANOVA to improve the precision of treatment comparisons. Standard error of difference

(SED) was used for mean separation when treatments were significantly different (P<0.05).

6.4 RESULTS

6.4.1 Total Weed Density
6.4.1.1 Weed Density in Cotton

There was a significant (P<0.05) effect of weed control treatment and tillage on the total
weed density (Figure 6.1). The herbicides effectively suppressed weed density at 3 WACE in
PB and the lowest (7.06 weed seedlings m™) weed density was in the atrazine + alachlor
treatment followed by the cyanazine (9.53 weed seedlings m™ ) alone treatment (Figure
6.1A). The hand hoe weeded plots in PB resulted in the highest (13.15 weed seedlings m™)
weed density though it was statistically similar (P>0.05) to the plots applied with glyphosate
only (11.16 weed seedlings m?). In CONV the hand hoe weeded treatment also resulted in

the highest weed density (10.19 weed seedlings m™) and all the treatments applied with
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herbicides were statistically similar (P>0.05). When comparing the effect of weeding options
under the two tillage systems, the hand hoe and the glyphosate weeding options in PB were
less effective in controlling weeds relative to the same treatments in CONV. The
effectiveness of cyanazine + alachlor and cyanazine alone treatment in PB were statistically

similar (P>0.05).

At 6 WACE in PB, the highest weed density was observed in the hand hoe weeded treatment
and it was statistically similar to the glyphosate treatment (Figure 6.1B). The atrazine +
alachlor treatment had the lowest weed density followed by the cyanazine treatment. Similar
results were observed in CONV where the hand hoe weeded treatment had the highest weed
density and lowest weed density in cyanazine + alachlor and cyanazine only treatments. The
weed densities in all the weeding options under both PB and CONV were statistically similar

(P>0.05) at 9 WACE (Figure 6.1C)
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Figure 6. 1 Effect of tillage and weeding treatment on square root (x + 0.5) transformed weed
densities data at 3, 6 and 9 weeks after crop emergence (WACE) during 2009/2010 season
under cotton. Error bars represent + SED; PB= Planting basin; CONV= Conventional Tillage;
HH= hand hoe; CY=cyanazine; GLY=glyphosate, AL=alachlor; CY +AL = Cyanazine +
Alachlor
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6.4.1.2 Weed Density in Maize

At 3 WACE for maize under PB the weed densities for the plots, applied pre-emergence
herbicides atrazine + alachlor (9.61 weed seedlings m™) and cyanazine only (8.91 weed
seedlings m™) were statistically similar (P>0.05). The weed densities in the hand hoe weeded
(12.06 weed seedlings m™) and the glyphosate treatment (11.93 weed seedlings m™) was also
statistically similar (Figure 6.2A). Similarly, in CONV the pre-emergence herbicide applied
treatments had similar effects and the hand hoe and glyphosate treatments were statistically
similar (P>0.05). The hand hoe weeded treatments had higher weed densities than pre-
emergence herbicide applied treatments. The hand hoe weeded treatment in PB had 19
percent higher weed densities than the hand hoe weeded treatment in CONV. The glyphosate
treatment in PB had 17 percent higher weed densities relative to CONV. The pre-emergence

herbicides had similar effects in both PB and CONV.

At 6 WACE, there was no significant difference on the weed density in PB and CONV for all
the treatments (Figure 6.2B). In PB, the hand hoe weeded treatment (12.81 weed seedlings m’
%) had the highest weed densities whilst the atrazine + alachlor (8.66 weed seedlings m™? had
the lowest weed densities though it was statistically at par to the atrazine only treatment
(10.15 weed seedlings m?). In CONV at 6 WACE, the hand hoe weeded treatment was
statistically similar to the atrazine (10.59 weed seedlings m™) and the glyphosate treatment
(11.34 weed seedlings m™). The atrazine + alachlor treatment (8.85 weed seedlings m™) were
still effective in suppressing weeds at 6 WACE when compared to the hand hoe (12.10 weed

seedlings m™) weeded plot indicated by the lowest weed density.
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Figure 6. 2 Effect of tillage and weeding treatment on square root (x + 0.5) transformed weed
densities data at 3 and 6 weeks after crop emergence (WACE) during 2010/2011 season under maize.
Error bars represent + SED; PB = Planting basin; CONV = Conventional Tillage; HH= hand hoe;
ATR=Atrazine; GLY=glyphosate; AL=alachlor; ATR = atrazine; ATR +AL = atrazine + alachlor

6.4.2 Weed Diversity
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Cotton

The weed diversity was significantly (P<0.05) influenced by weed control treatments (Figure
6.3A). The cyanazine + alachlor treatment reduced the weed diversity indices by 70 and 60
percent when compared to the hand hoe weeded treatments in PB and CONV, respectively.
However, the weed diversity for the cyanazine + alachlor treatment did not differ with the
cyanazine only treatment indicating that the cyanazine treatment had impact on the weed
diversity. The pre-emergence herbicides had similar effects on weed diversity in PB and
CONYV whilst the hand hoe weeded and glyphosate treatments had higher diversity indices in
PB relative to CONV. The evenness index was highest in the hand hoe weeded treatment,
though it did not differ from the cyanazine only and the glyphosate treatment in PB. The
cyanazine + alachlor treatment had the significantly lower weed diversity when compared to
the hand weeded treatment in PB (Figure 6.3B). The response of all weed control options was
not influenced by tillage expect for hand hoe weeded treatment which resulted in higher
evenness indices in PB than in CONV. In PB, there was no effect of weeding treatment on
the richness index while in CONV the cyanazine + alachlor treatment resulted in the lowest
richness index (Figure 6.3C). The cyanazine + alachlor treatment in CONV did not allow

some species to emerge resulting in the lowest richness index.

Maize

The diversity indices also showed a significant response to herbicide treatment in maize
resulting in the lowest diversity indices in the atrazine + alachlor treatment though it was
statistically at par with the cyanazine only (0.24) treatment in both tillage systems. The weed
diversity index was highest in the hand hoe weeded treatment (0.93) though it was
statistically similar (P>0.05) to the glyphosate treatment (0.79) (Figure 6.3). The weed

diversity index in treatments applied with pre-emergence herbicides i.e. cyanazine + alachlor
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and cyanazine only did not differ between the tillage systems. The evenness index for the
hand hoe weeded treatments was highest though it was statistically (P<0.05) similar to the
glyphosate treatments in PB and CONV. The evenness indexes for all treatments were higher
in PB than in CONV. The atrazine + alachlor treatment reduced the richness index
significantly resulting in the lowest index in CONV, while in PB, it was lowest but it was

similar to the rest of the treatments. Tillage had no influence on species richness.
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Figure 6.3 Effect of tillage, weeding treatment on diversity, evenness, and richness indices recorded

during 2009/2010 and 2010/2011seasons. Error bars represent + SED; HH= hand hoe; PB=Planting

basin; (CONV) Conventional Tillage; CY=cyanazine; GLY=glyphosate; AL=alachlor; CY + AL=

cyanazine + alachlor; ATR= atrazine; ATR + AL = atrazine + alachor
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6.4.3 Farm Typologies and Weed Densities

6.4.3.1 Cotton

A further analysis of the weed density data with farm typology as a covariate in the ANOVA)
revealed a significant (P<0.05) effect of the covariate on the weeding options. There were
differential effects of weeding treatment on weed density among the farm typologies (Farm
Type 1, 2 and 3) (Figure 6.4). More apparent effects of weeding treatment were observed in
Farm Type 1 at 3, 6 and 9 WACE (Figure 6.4A, B and C). Under Farm Type 2, the effects of
weeding treatments and tillage on weed densities were observed at 3 and 6 WACE (Figure
6.4D and E). Whilst, in Farm Type 3 significant (P>0.05) effect of weeding treatment were

only observed at 3 WACE (Figure 6.4G).

During the 2009/2010 season, on Farm Type 1 at 3 WACE the cyanazine + alachlor applied
treatment (3.94 weed seedlings m™) suppressed weed densities effectively and had the lowest
weed densities though it was statistically similar (P>0.05) to the cyanazine applied treatment
(3 weed seedlings m?) in PB (Figure 6.4A). The hand hoe weeded treatment (9.50 weed
seedlings m™) resulted in the highest weed densities and it was statistically similar to the
glyphosate treatment (9.04 weed seedlings m™). In CONV a similar trend was also observed
were the glyphosate treatment (6.44 weed seedlings m™) was statistically similar (P>0.05) to
hand hoe weeded treatment (5.34 weed seedlings m™), while cyanazine + alachlor treatment
(2 weed seedlings m) had similar effects to cyanazine only treatment (2.51 weed seedlings
m™). The weed densities in the hand hoe weeded treatments under PB were 33 percent higher
than the densities recorded in the same treatment under CONV. The weed densities under PB
in the glyphosate-applied treatment were 39 percent higher than the glyphosate treatment
under CONV. There was no significant difference on the weed densities in pre-emergence

applied treatments under PB and CONV.
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At 6 WACE the hand hoe weeded treatment was not effective in weed control and resulted in
the highest weed densities, secondly followed by glyphosate treatment and both of these
treatments were statistically similar (Figure 6.4B). The third in ranking was the cyanazine
only treatment and fourthly the lowest densities were recorded in the cyanazine + alachlor
treatment (2.56 weed seedlings m™). In CONV, a similar trend was observed with the highest
weed densities in the hand hoe weed treatment while the lowest density was recorded in the

cyanazine + alachlor treatment. All the treatments had similar effects in PB and CONV.

The pre-emergence herbicides (cyanazine + alachlor and cyanazine alone) were still effective
at 9 WACE in suppressing weeds and resulted in the lowest weed densities and the two
treatments were both statistically similar (Figure 6.4C). The weed densities in the hand hoe
weeded treatment in PB had similar effects to the same treatment in CONV and consequently

resulted in the highest weed densities.

The results for Farm Type 2 during 2009/2010 season also showed higher weed densities at 3
WACE for hand hoe weeded plots in PB which were significantly (P<0.05) different from the
pre-emergence herbicides applied treatments (Figure 6.4D). Whilst, in CONV at 3 WACE the
hand hoe weeded treatment resulted in the highest weed density (17.85 weed seedlings m™)
(Figure 6.4D). At the same time at 3 WACE in CONV the lowest weed density was observed
for cyanazine + alachlor (10.83 weed seedlings m™) which was not significantly (P>0.05)
different from cyanazine (10.25 weed seedlings m™) alone application. At 6 WACE, the
cyanazine and cyanazine + alachlor treatments were still effective in suppressing weed
densities and had the lowest weed densities, whilst there was no significant difference

between the hand hoe, cyanazine and glyphosate treatments in both tillage systems (Figure

159

© University of Pretoria



6.4E). The effectiveness of the herbicides was reduced at 9 WACE and all the treatments

were statistically similar (Figure 6.4F).

In Farm Type 3 at 3 WACE the cyanazine + alachlor treatment suppressed weed densities by
38 and 37 percent in PB and CONV when compared to the hand weeded treatment (Figure
6.4G). The cyanazine alone treatment also suppressed weed densities and the weed densities
were 34 and 33 percent lower than the hand weeded treatment in PB and CONV, respectively
(Figure 6.4G). There was no significant effect of treatment observed at 6 and 9 WACE in

Farm Type 3 (Figure 6.4H and I).

6.4.3.2 Maize

The results for 2010/2011 season also showed effective suppression of weed density with
pre-emergence herbicides, which was dependant on the farmers’ resources (Figure 6.5). On
Farm Type 1 under PB the atrazine + alachlor treatments had the lowest weed density which
was 69 and 53 percent lower than the hand hoe weeded treatment at 3 and 6 WACE,
respectively (Figure 6.5A and B). In CONV, the atrazine + alachlor treatments were 59 and
73 percent lower than the hand hoe weeded treatment. The treatments applied pre-emergence
herbicides were statistically similar at 3 and 6 WACE. The hand hoe weeded treatment also
had similar effects with the glyphosate treatment at 3 and 6 WACE. There was a significant
effect of tillage on the hand hoe weeded treatment where the treatment in PB had 32 percent
higher weed density than relative to the CONV treatment 3 WACE. However, in the

treatments applied pre-emergence herbicides there was no significant effect of tillage

In Farm Type 2 during 2010/2011 season at 3 WACE the lowest weed density (6.95 m'%; 5.90

m?) was recorded in pre-emergence tank mixed herbicides (cyanazine + atrazine) in PB and
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CONV, respectively (Figure 6.5C and D). On the other hand, the highest weed density was
for hand hoe weeded treatment (10.74 and 10.71 m™ in PB and CONV, respectively (Figure
6.5C and D). The glyphosate treatment had the second highest weed density at 3 WACE and
it was statistically similar to the atrazine only treatment in both tillage systems. There was no
significant effect of tillage resulting in similar weed densities in PB and CONV at 6 WACE

in all treatments.

The atrazine + alachlor treatment in Farm Type 3 during the 2010/2011 season resulted in the
lowest weed density at 3 WACE. This was statistically similar to the atrazine only treatment
in both tillage systems (Figure 6.5E). The effectiveness of hand hoe weeded and the
glyphosate treatment were similar in both tillage systems. At 6 WACE in Farm Type 3, no

significant (P>0.05) effect of treatment was observed in both tillage systems (Figure 6.5F).
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Figure 6. 5 Effect of tillage and weed control treatment on densities of 3 farm typologies during
2010/2011 season under maize. PB= Planting basin; CONV= Conventional Tillage; (WACE) =
Weeks after crop emergence, Narrow bars represent + SED; HH= hand hoe; ATR=atrazine;
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6.4.4 Individual Weed Species Density

Chapter 4 indentified 28 weed species that are common in the study area. However, the effect
of tillage and weeding treatment on weed density was presented on six dominant weeds

species as shown in Tables 6.1, 6.2, 6.3 and 6.4. The results presented in Table 6.1 and Table
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6.2 are for Farm Type 1 at 3 and 6 WACE since apparent effects of treatment were observed

in Type 1 Farms.

6.4.4.1 Cotton

The results presented in Table 6.2 are for the main effects because weeding * tillage was only
significant (P<0.05) for T. procumbens at 3 WACE (Table 6.1). The weeding treatment *
tillage interaction for T. procumbens at 3 WACE resulting in higher weed densities in the
hand hoe weeded treatment under PB. The effectiveness of cyanazine + alachlor was
statistically similar in PB and CONV for, T. procumbens (Table 6.2).During the 2009/2010
season at 3 WACE the weeding treatment significantly affected the weed densities for all the
dominant weed species except for R. scabra (Table 6.1). The hand hoe weeded treatment was
less effective in weed control evidenced by maximum weed densities when compared to all
the other treatments (Table 6.2). In some instances the densities for the hand hoe weeded
treatment was statistically similar to glyphosate treatment for example, E. aspera, T.
procumbens, B. pilosa, at 3 WACE. The minimum weed densities were observed in
cyanazine + alachlor treatments though the weed densities were statistically similar to

cyanazine alone application for E. aspera, B. pilosa, and T. procumbens at 3 WACE.

The densities of E. aspera, T. procumbens, M. repens and U. panicoides at 3 WACE were
significantly (P<0.05) affected by tillage (Table 6.1) and had higher densities weed densities
in PB than CONV for hand weeded treatment (Table 6.2). At 6 WACE there was a significant
effect of treatment for all the six dominant weeds (Table 6.1) and the highest density of
weeds was observed in the hand hoe weeded treatment, which was significantly different

from the cyanazine + alachlor treatment (Table 6.2). Tillage significantly affected the
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densities of E. aspera, T. procumbens and M. repens resulting in higher weed densities in PB

than in CONV.
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Table 6. 1 Analysis of Variance for weed densities at 3 weeks after crop emergence during 2009/2010 season under cotton

Source DF Eragrostis Tridax Richardia Bidens pilosa Melinis repens  Urochloa
aspera procumbens scabra panicoides

Rep 2

Tlllage 1 *x ** nsT ns *% *%
Residue 2

Treatment (T) 3 *x Foh ns ok * *
T* Tillage 3 ns * ns ns ns ns
Residue 12

*Significant at P<0.05; **Significant at P<0.01; ***Significant at P<0.001; "ns non significant

Table 6. 2 Analysis of Variance for weed densities at 6 weeks after crop emergence during 2010/2011 season under maize

Source DF Eragrostis Tridax Richardia Bidens pilosa Melinis repens  Urochloa
aspera procumbens scabra panicoides
Rep 2
Tillage 1 *x *x ns’ ns * ns
Residue 2
Treatment (T) 3 * ** ** * *k* *%*
T* Tillage 3 ns ns ns ns ns ns
Residue 12

*Significant at P<0.05; **Significant at P<0.01; ***Significant at P<0.001; "ns non significant
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Table 6. 3 Effect of tillage systems and weed control treatments on weed density during 2009/2010 season under cotton

3 weeks after crop emergence

Weeding treatment Eragrostis aspera Tridax procumbens Richardia scabra Bidens pilosa Melinis repens Urochloa panicoides
Hand hoe 2.38a 1.49a 2.99% 2.42a 1.88a 1.01a
Cyanazine 1.85b 1.15b 2.88a 1.76b 1.86a 0.90ab
Glyphosate 2.31a 1.48a 2.70a 2.17a 1.99a 0.94ab
Cyanazine+ Alachlor 1.78b 1.11b 2.64a 1.80b 1.22b 0.84b
P -value P<0.01 P<0.001 P>0.05 P<0.001 P<0.05 P<0.05
LSD(0.05) 0.31 0.18 ns 0.29 0.51 0.12
Tillage

PB 2.20a 1.40a 2.83a 2.10a 1.92a 0.98a
CONV 1.91b 1.22b 2.77a 1.97a 1.54b 0.86b
P -value P<0.01 P<0.01 P>0.05 P>0.05 P<0.05 P<0.01
LSD(0.05) 0.22 0.13 ns ns 0.37 0.09

6 weeks after crop emergence

Weeding treatment Eragrostis aspera Tridax procumbens Richardia scabra Bidens pilosa Melinis repens Urochloa panicoides
Hand hoe 1.82a 1.65a 2.27a 2.09a 1.80a 1.34a
Cyanazine 1.16b 0.96b 2.09a 1.37b 1.05b 0.89b
Glyphosate 1.46ab 1.49a 2.06a 2.03a 2.22a 1.40a
Cyanazine+ Alachlor 1.05b 0.98b 1.04b 1.27b 0.91b 0.83b
P -value P<0.05 P<0.01 P<0.05 P<0.05 P<0.001 P<0.01
LSD(0.05) 0.53 0.41 0.68 0.54 0.57 0.37
Tillage
PB 1.67a 1.46a 2.04a 1.74a 1.72a 1.23a
CONV 1.06b 1.08b 1.69a 1.64a 1.27b 0.99a
P- value P<0.05 P<0.01 P>0.05 P>0.05 P<0.05 P>0.05
LSD(0.05) 0.38 0.29 ns' ns 0.40 ns
Square root (x + 0.5) transformed data presented; 'ns: not significant
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6.4.4.2 Maize

During 2010/2011 season at 3 WACE, all the dominant weeds were significantly (P<0.05)
suppressed by pre-emergence herbicides (Table 6.2). The interaction of weeding treatment x
tillage was significant for T. procumbens and U. panicoides at 3 WACE with highest
densities of weeds in the hand hoe weeded treatment (Table 6.3). The hand hoe weeded
treatment in PB was not effective in suppressing all dominant weeds as indicated by the
highest density of weeds (Table 6.4). The atrazine + alachlor treatment resulted in lower
weed densities in PB when compared to the hand hoe weeded treatment. The effect of tillage
was significant for B. pilosa and U. panicoides resulting in 24 and 22 percent higher weed
densities in PB than in CONV, respectively. The weeding treatment * tillage was significant
for T. procumbens and U. panicoides and the hand hoe weeded treatment had the highest

weed densities under PB.

At 6 WACE there was a significant (P<0.05) effect of weeding treatment on all the dominant
weeds (Table 6.2). The atrazine + alachlor was more effective in weed control when
compared to the hand hoe weeded treatment as indicated by lower weed densities in the
atrazine + alachlor treatment (Table 6.4). Eragrostis aspera, R. scabra, B. pilosa and M.
repens were effectively controlled by atrazine + alachlor treatment than the atrazine only as
indicated by the lowest weed densities in the atrazine + alachlor treatment. The atrazine +
alachlor treatment had similar effect on weed control to atrazine only for T. procumbens, E.
aspera and U. panicoides. Eragrostis aspera and M. repens had 31 percent and 37 percent

higher weed densities in PB than in CONV, respectively.
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Table 6. 4 Effect of tillage systems and weed control treatments on weed density during 2010/2011 season under maize

3 weeks after crop emergence

Weeding treatment Eragrostis aspera Tridax procumbens Richardia scabra Bidens pilosa Melinis repens Urochloa panicoides
Hand hoe 1.68a 2.16ab 1.84a 4.03a 0.87a 5.50a
Atrazine 1.18ab 1.57bc 1.59ab 2.24a 0.73b 3.55b
Glyphosate 1.52a 2.54a 1.82a 2.39a 0.77ab 4.61ab
Cyanazine + Alachlor 0.84b 1.28c 1.27b 1.55a 0.71b 2.38¢
P -value P<0.05 P<0.01 P<0.05 P<0.01 P<0.05 P<0.001
LSD(0.05) 0.55 0.72 0.35 0.87 0.13 114
Tillage
PB 1.34a 2.04a 1.64a 2.90a 0.79a 4.50a
CONV 1.28a 1.73a 1.62a 2.21b 0.74a 3.52b
P- value P>0.05 P>0.05 P>0.05 P<0.05 P>0.05 P<0.05
LSD(0.05) ns ns ns 0.81

6 weeks after crop emergence
Weeding treatment Eragrostis aspera Tridax procumbens Richardia scabra Bidens pilosa Melinis repens Urochloa panicoides
Hand hoe 2.33a 1.38ab 2.27a 2.83a 5.24a 0.97a
Atrazine 1.87ab 1.07bc 2.09a 2.05ab 3.03ab 0.71b
Glyphosate 1.60b 1.47a 2.06a 1.87b 3.80b 0.81ab
Atrazine + Alachlor 1.71ab 0.86¢ 1.04b 1.62b 2.06¢c 0.71b
P-value P<0.05 P<0.05 P<0.05 P<0.05 P<0.001 P<0.05
LSD(0.05) 0.62 0.40 0.68 0.79 0.80 0.17
Tillage
PB 2.19% 1.23a 2.04a 2.34a 4.34a 0.83a
CONV 1.55b 1.16a 1.69a 1.84a 2.74ba 0.76a
P -value P<0.01 P>0.05 P>0.05 P>0.05 P<0.05 P>0.05
LSD(0.05) 0.44 ns' ns ns 1.14 ns
Square root (x + 0.5) transformed data presented; 'ns: not significant
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6.4.5 Plant Height and Crop Yields

6.4.5.1 Cotton

During the 2009/2010 season the weeding treatment significantly (P<0.05) affected the cotton
plant heights (Table 6.5). The interaction of treatment * weeding treatment was not significant
P>0.05) on plant heights and therefore the main effects are presented in Table 6.6. The cyanazine
+ alachlor treatment resulted in the maximum plant heights which were 12 percent higher than
those for the hand hoe weeded treatment. The plant heights for the cyanazine treatment were
statistically similar (P>0.05) to the cyanazine only treatment. The hand hoe weeded treatment
was also statistically similar (P>0.05) to the cyanazine applied treatment. Tillage significantly
(P<0.05) influenced the plant heights and resulted in 10 percent higher plants in PB than in
CONV.

Table 6. 5 Analysis of variance for plant heights and yields

2009-2010 2010-2010
Source Plant height  Cotton lint Plant Maize grain
DF yield height yield

Rep 2

Tillage 1 falekal ns ol e
Residual 3

Treatment 3 folale ** x* x*
Tillage * Treatment 3 ns ns * ns
Residual 12

*Significant at P<0.05; **Significant at P<0.01; ***Significant at P<0.001; "ns non significant
DF= Degrees of freedom

The cotton lint yields were significantly (P<0.05) affected by the weeding treatment Table (6.5).
The effective suppression of weeds by cyanazine + alachlor treatment resulted in the highest
cotton lint yields which were 26 percent higher than the hand hoe weeded treatment (Table 6.6).
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The second highest yields was observed in the cyanazine only treatment though it was
statistically similar (P>0.05) to the glyphosate and the hand hoe weeded treatment. The yields

obtained for PB and CONV were all statistically similar (P>0.05).

Table 6. 6 Effect of tillage system and weeding treatment on cotton plant heights, and lint yields during
2009/2010 in Kadoma, Zimbabwe

2009/2010 season cotton

Plant Cotton
height (cm) lint Yield
kg ha
Weeding treatment
Hand weeding 74.76b 1496.60b
Cyanazine 82.63a 1728.7b
Glyphosate 77.53b 1619.7b
Cyanazine +Alachlor 84.63a 2018.50a
P value P<0.001 P<0.01
L.S.D(0.05) 2.2 186.9
Tillage
PB 84.07a 1716.99a
CONV 75.72b 1714.76a
P value P<0.001 P>0.05
L.S.D(0.05) 3.12 ns

"ns= not significant

Maize

The plant heights for maize crop were significantly (P<0.05) affected by the weeding
treatment*tillage interaction (Table 6.6b). There was a significant (P<0.05) effect tillage for the
hand hoe weeded, atrazine and glyphosate treatment which resulted in higher plants in the PB
plots. The atrazine + alachlor treatment had statistically similar plant heights in PB and CONV

tillage systems Table 6.6b.
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Table 6. 7 Effect of tillage system and weeding treatment on maize plant heights during the 2010/2011
season, Kadoma, Zimbabwe

Plant heights 2010/2011 seasons

Weeding treatments

Tillage Hand hoe Atrazine Glyphosate Atrazine +

Alachlor
PB 252.6a 257.5a 254.6a 252.2a
CONV 246.6b 240.42b 248.4b 255.9a
L.S.D. 4.9

The average plant heights across all weeding treatments and tillage revealed highest plant height
of 319.7 cm for atrazine + alachlor treatment for Farm Type 1 in PB (Table 6.6a). The hand hoe
weeded treatment for Farm Type 3 had the lowest plant height (198.47 cm) in PB. The plant
heights were higher in plots applied with two pre-emergence tank mixed herbicides 319.67cm
and 222.73 cm for Farm 1 and 3, respectively though they were similar to atrazine only treatment
317.07cm and 217.40 cm, respectively. However, in PB there was no significant difference
(P>0.05) between the plant heights for plots applied with a mixture of pre-emergence herbicides
(atrazine + alachlor) and plots applied atrazine only in Farm Type 2. Similar trends were also
observed in Farm Type 3 were the lowest plant heights in hand weeded treatments and the

treatments applied atrazine + alachlor and atrazine only.

6.4.5.2 Maize

During 2010/2011 season there was a significant effect of weeding treatment on maize grain
yield in Farm type 1 (Table 6.6a). In Farm Type 1, the maximum maize grain yield (4024 kg ha
') was obtained for atrazine + alachlor treatment in PB (Table 6.6). The minimum maize grain
yield (3332 kg ha™) was recorded for the hand hoe weeded treatment in CONV. The yield
advantage for the atrazine + alachlor treatment over hand hoe weeded treatment was 13 and 14

percent, in PB and CONV, respectively under Farm Type 1. The effect of weeding treatment was
179

© University of Pretoria



significant (P<0.05) in Farm Type 2 and 3 where PB resulted in higher yields particularly in

treatments applied pre-emergence herbicides.

Table 6. 7 Effect of tillage system and weeding treatment on maize grain yields during 2010/2011 season
in Kadoma, Zimbabwe

2010/2011 season (maize)
Maize grain yield

kg ha
Weeding treatment
Hand weeding 2138¢c
Atrazine 2372a
Glyphosate 2251b
Atrazine +Alachlor 2356a
P- value P<0.01
L.S.D(0.05) 42
Tillage
PB 2343a
CONV 2220b
P- value P<0.01
L.S.D(0.05) 60

6.5 DISCUSSION

The effective suppression of weeds by pre-emergence herbicides (atrazine, alachlor and
cyanazine) during the first 6 WACE helps to reduce labour requirements for weeding early in the
season, which is usually scarce in the SH farming sector. These findings are in agreement with
the report of Chikoye et al. (2007) that pre-emergence herbicides significantly reduced weed
densities early in the season. In this study a mixture of alachlor with atrazine or cyanazine,
ensured maximum weed suppression. In a study by Mashingaidze (2004), atrazine proved to be
the best for controlling weeds compared to other herbicidal treatments when applied as a pre-

emergence herbicide in maize. Atrazine and cyanazine mainly control broad-leaved weeds
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whereas alachlor controls grass weeds and in this study the mixtures and single application of
herbicides had similar effects on weed control. The herbicides can be applied as single

applications but a mixture of the two herbicides is important in avoiding build up of grass weeds.

The weed density for glyphosate treatment was similar to hand hoe weeded treatment.
Glyphosate treatment only controlled existing weeds at planting and the weed cohorts that
emerged after crop emergence required subsequent hand hoe weeding. Supplementary
glyphosate with pre-emergence herbicides, which suppress weed emergence after planting, could

improve the effectiveness of this herbicide.

The differential effects of herbicides on weed density on the farms could be a reflection of
factors such as farm management, soil types and pH. The difference in management strategies
and soil types can alter weed communities and densities, which in turn, affect the effectiveness
of herbicides. High weed densities in Farm Type 2 could have contributed to reduced effective
suppression of weed densities than in Type 1 farms. Hence, an increase in the dosage of
herbicides could increase the effectiveness of the herbicides in controlling weeds. Farm Type 3
had low weed densities; therefore, the reduced effect of herbicides in these fields could not have
been attributed to weed density. The low pH observed in these fields could have reduced the
effectiveness of herbicides in weed control. According to Kells & Meggit (2009), low soil pH
reduces herbicide efficacy. There could be other factors, which reduced the effectiveness of
herbicides in Farm Type 3, for example, the high rainfall received after applying the herbicides
could have reduced the effectiveness of the herbicides. Moisture is desirable soon after herbicide

application because it enables the herbicides to make contact with the germinating seedlings.
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However, high rainfall soon after applying herbicides is not desirable because it washes away

herbicides resulting in reduced herbicide effectiveness.

Although many factors can alter herbicide performance, there is no consistent effect of tillage on
chemical weed control. Johnson et al. (1989) reviewed several studies and found that some
studies reported poor herbicidal weed control in CA whilst some studies found comparable weed
control with pre-emergence herbicides in both PB and CONV systems. Chauhan & Opena (2012)
also made similar conclusions that herbicidal requirements within tillage systems are similar.

In this study, herbicides changed the weed community structure by reducing the weed diversity,
evenness and richness indices. It is, therefore, important to note how quickly herbicides can alter
the weed communities. The diversity of weed communities determines the strategies required for
weed control and the observed higher weed diversity in PB may underscore the need to alter
weed management strategies. The higher diversity indices observed in 2010/2011 when
compared to 2009/2010 seasons could be a result of high rainfall received and high temperature
both of which increase physiological growth of many weed species. The weed diversity in this
study appears to be directional rather than random and thus supports the observation by
Miyazawa et al. (2004) that weed diversity was reduced by herbicides. However, the short

duration of this study may make it difficult to authenticate this hypothesis.

The increased plant heights within plots applied with herbicides is in agreement with the findings
of Soltani et al. (2006) where maximum plant height resulted from the usage of herbicides for
weed control. On the contrary, Usman et al. (2010) reported that herbicides usage reduced plant

heights due to phyto-toxicity of the herbicides. The effects of tillage, weed control treatments,
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Farm Type and their interactions show that environment and management also have an effect on

plant height rather than genetic control only.

The vyields were higher in pre-emergence applied treatments due to reduced crop-weed
competition, these findings also agree with Chhokar et al. (2008) that herbicides reduced crop-
weed competition and increased crop yields. These results suggest that the adoption of PB in the
SH sector may increase in farmers’ yields if effective weed control methods are adopted. The
higher yields in PB were a result of enhanced fertilizer and water use efficiency. These results
concur with the findings of Erenstein et al. (2008) who reported higher productivity for CA over
CONV due to early sowing, improved soil fertility level, enhanced water and fertilizer usage

efficiency.

The tillage system was not a single over-riding factor in determining the intensity of weed
problems within farms. The weed communities were influenced by soil type and a variety of
management, practices hence weed management strategies need to consider the differences

within farmers’ fields.

It is generally, recommended to mix atrazine with other herbicides that are compatible with it to
improve their effectiveness on weeds (Williams et al., 2011). There might be a need for follow
up weeding with hand hoes after 6 WACE since the effectiveness of herbicides was reduced after
6 WACE. The effectiveness of pre-emergence herbicides in this study is in contrast to the
findings of Chauhan & Opena (2012) were herbicides poorly controlled weeds in CA. A possible
reason for lower effectiveness of herbicides in PB systems could be due to the presence of crop

residues on the soil surface, which could intercept a significant amount of herbicides, and
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thereby reduce effectiveness (Chauhan & Jonhson, 2008). In this study, there were fewer crop

residues on the surface, which could not have intercepted the herbicides.

The findings of this study raise the possibility of inclusion of pre-emergence herbicides in PB in
the SH sector. Herbicide reduces labour bottlenecks that are mainly responsible for the inability
of SH farmers to control weeds effectively resulting in yield losses at peak weeding times in PB.
The effective weed control achieved with herbicides could help farmers to exploit PB without
weed management problems, since they are not able to practice crop rotation and permanent soil
cover which can be used to suppress weeds. However, there is need for training on usage of

herbicides and to determine appropriate herbicide dosage for each farm type.

6.6 CONCLUSION

It can be concluded that the hand hoe weeding option was not effective in controlling weeds in
PB The effectiveness of cyanazine + alachlor in cotton and alachlor + atrazine in maize were
similar in weed control to the cyanazine and atrazine only treatments. Tillage did not affect the
effectiveness of pre-emergence herbicides when compared with CONV tillage. Herbicides
controlled weeds to a varying level depending on soil types and significantly affected weed
density, diversity, plant height and crop yields. The differential effects of herbicides on the farms
shows that the herbicide doses need to be made based on characteristics of the field and blanket
recommendations will not be appropriate. The pre-emergence herbicides, which include a
combination of cyanazine + alachlor in cotton and atrazine + alachlor, which suppress a broad
spectrum of weeds, are recommended to complement hand hoe to suppress weeds in PB. There is

a need for further studies to establish appropriate herbicide dosages to control high weed
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densities. In addition, further studies are required to assess the cost benefit analysis of tillage and

herbicides to enable farmers to make informed decisions as they use herbicides in PB
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CHAPTER 7

ECONOMIC ANALYSIS OF WEED MANAGEMENT OPTIONS UNDER PLANTING
BASINS IN THE SMALLHOLDER SECTOR

7.1 ABSTRACT

A socio-economic model, OLYMPE, was used to evaluate economic benefits of chemical weed
control under planting basins (PB). The model was calibrated and validated using primary data
from on-farm experiments and discussions with farmers in the study area. The average gross
margin for weeding options under different scenarios of climate induced risks and fluctuating
farm input and output price were simulated over a 10 year period under well, medium and poorly
resourced farmers. Average gross margin for Atrazine + alachlor increased the gross margin by
US$ 351.00 and US$ 373.00 in PB and CONV, respectively. While cyanazine + alachlor
treatment increased gross margin by US$ 849.00 and US$ 399.00 in PB and CONV, respectively
when compared to hand hoe weeding. Gross margin for PB was similar to CONV in pre-
emergence herbicide applied treatments, but the hand hoe weeded and glyphosate treatments had
higher gross margin in CONV than in PB on average. However, the effect of weeding options on
the gross margin varied with farmer resource endowments, with more benefits of using herbicide
treatments in well resourced in both tillage systems. Farmers’ production was not viable in hand
hoe weeded treatment because of high costs of weeding especially in PB and was worsened by
worst case scenarios of rainfall, input and output price variations. Alternatively, herbicides can
be used to reduce costs associated with weeding thereby increase gross margin.

Key words: farm typology, gross margin analysis, herbicides, OLYMPE, sustainable
agriculture,
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7.2 INTRODUCTION

The smallholder (SH) farming systems in Sub-Saharan Africa are characterised by continual land
degradation, persistent and recurring droughts both resulting in either stagnant or decreasing
food production (Friedrich, 2008). Under SH production systems yields of most staple food
crops have been less than 1 t ha™ posing a grave threat to family food security (Gowing &
Palmer, 2008). There has been concerted effort to promote Conservation Agriculture (CA) in
southern Africa with approximately 110,000 and 180,000 farmers adopting CA in Zimbabwe and

Zambia, respectively, by the 2009/2010 season (www.prpzim.info (Accessed 09/2012). This is

consistent with the drive to promote CA as a sustainable means of crop production in the SH
sector in order to increase food production (FAO, 2012). Conservation Agriculture ensures early
planting as land preparation can be carried out before the first effective rains (Haggblade &
Tembo, 2003a). This may result in more efficient use of rainfall, reducing the risk of crop failure
in the event of below-average rainfall and stabilising yields when rains are poorly distributed
(Erenstein, 2003). In addition, mulching with crop residues reduces water runoff and increases
infiltration and organic matter content in the soil (Thierfelder & Wall, 2009). However, weed
management on SH farms in southern Africa is a great challenge, especially under Planting
basins (PB), and vitiates efforts to increase food security in the region (Johansen et al., 2012).

Findings from previous chapter 4 indicated that PB systems had higher weed densities than
CONV tillage. The increased weed densities under PB have serious weed management

implications which have labour shortages and high costs of hand hoe weeding.

Weed management is more costly when compared to other aspects of crop production and has

potential to reduce returns from cropping (Baundron et al., 2011). It is now widely accepted that
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weed management is the principal constraint to crop production under CA in SH systems in sub-
Saharan Africa (Giller et al., 2012). Rural - urban migration and HIVV/AIDS have exacerbated the
already precarious labour shortage in this sector (Mashingaidze et al., 2003) Consequently, SH
farmers cannot weed their fields timeously and effectively using a single method of weed control
(Mandumbu et al., 2011). Smallholder farmers use a hand hoe for weed control which is not only
laborious but is time-consuming, requiring approximately 400 hours weeding a hectare
(Gianessi, 2009). Muoni et al. (2013), strongly believes that herbicides could help reduce the
labour requirements and increase efficiency and timely weed control. Notwithstanding this, the
lack of knowledge on correct handling of herbicides which include: incorrect interpretation of
instructions particularly on the dilutions, when to apply herbicides and on which type of crop is
pervasive among the SH farmers (Gatsi et al., 2001). The shortage of knowledge in the SH
possess severe constraints on the effective impact of the herbicides (Makanganise et al., 2001). If
herbicides are incorrectly handled, water pollution may result and will affect wells and aquatic
life in the rivers and will pose great risk to health of both livestock and human beings (Williams
et al., 2010). In addition, budgetary constraints influence the farmers’ ability to buy herbicides
(Mashingaidze, 2004). Nevertheless, training SH farmers on the usage of herbicide, could
overcome the challenges associated with herbicide usage. This will ensure that the farmers are

able to effectively and efficiently use herbicides to compliment hand hoes in CA.

However, for quick uptake by the farmers adapting PB, the use of herbicides should result in a
higher rate of return on investment relative to the hand hoe weed control method. In other
words, the SH farmers expect the herbicide technology to provide higher returns with low

variability. The generally accepted rule of thumb is that, highly rewarding production systems
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are associated with higher risks. Consequently, a compromise needs to be established between
the level of returns desired and the level of risk to be borne. There are risks associated with
herbicide usage in crop production such as yield losses due to weed competition resulting from
poor herbicide performance. Further, other associated risks relate to crop failure due to climatic
risks such as erratic and uneven distribution of rainfall during the growing season (Grave et al.,
2007), and economic risks such as fluctuating output and input prices which can affect the
returns for using herbicides. Therefore, there is a need not only to solely focus on effectiveness
of weed control methods, but also on the consistency of net returns over time as farmers adopt

the herbicide technology.

A socio economic evaluation of herbicides under the SH sector is of paramount importance
considering the positioning of the SH farmers in the lower ranks of the income spectrum which
makes their decision making and technology adoption vulnerable to risk considerations. The
performance of herbicides with respect to farm profitability is poorly understood. The objective
of this study was to evaluate the economic performance of chemical weeding options under PB

system.

7.3 MATERIALS AND METHODS

7.3.1 Study Area and Selection of Farmers

The study was carried out in Muzvezve Ward, Kadoma, which is typical of SH area in
Zimbabwe. The study area and the weather conditions prevalent during the course of this study
are described in Chapter 4, section 4.3.1. The selection of farmers who participated in this study

was described in chapter 5. Since the SH agriculture system is diverse the farmer groups
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described in Chapter 6 high, medium and poorly resourced which were denoted as Farm Type 1,
2 and 3, respectively, in the study were used to assess how the different resource categories

influence the returns for weed management options.

7.3.2 OLYMPE Model

Modelling of the maize and cotton production system was carried out using the OLYMPE
decision support software for agriculture that facilitates a comprehensive overview of farmer
situation and links to technical innovations and practices. It combines a database ‘ready to fill’
with economic information on prices, productions and households and has an accounting
calculator which allows the automatic computation of economic indicators. The overall
OLYMPE approach is illustrated in Figure 7.1. The software can also be used as a simulator to
test a change in the farming system or to evaluate a farm’s resilience to risks such as climatic

effect leading to low harvest or price changes (CIRAD et al., 2007).

—L Data

# Problems
—p| Scenario AN
J' Perspective
MDdE| Management group i
¢ Farmers,
Technicians Compromise
Results P
Analysis 4
> Possible solutions

Figure 7. 1 The overall approach behind the use of OLYMPE for farming systems modelling (Grusse et
al., 2006).
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A comparative analysis of weed management options using economic indicators (returns to
labour needs for the whole year) was firstly done. This analysis was extended over to the cotton
and maize production systems to reveal the advantages and constraints of the two systems. The
input and output data from site trials described in Chapter 6, that were carried out in Kadoma,
Zimbabwe during the 2009/2010 and 2010/2011 seasons was used as the basal situation. The
labour requirements for land preparation, planting, weeding and harvesting under PB and CONV
systems were recorded for each treatment per plot. The input and output data was validated by
farmers during group discussions. The prices for input and output data was based on the
prevailing prices at the time of planting and harvesting, respectively. The costs of cotton and
maize seed were US$ 1.00 kg™ and US$ 0.80 kg™, respectively. The maize and cotton selling

prices were US$ 325.00 and US$ 800.00 ton™, respectively (RBZ, 2009).

Yields from production functions, prices, costs of production and labour needs were processed in
the OLYMPE software and gross margins were calculated in US$ ha™. The gross margin was
calculated using the following Equation:

Gross margin = Gross income - Total variable costs (7.1)

Returns to labour = Gross margin US$ ha™ - costs of labour (US$ ha-')/labour use (7.2)

in (man hour’s day™).
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The performance of the weed management practices based on yields and gross margin were
evaluated over a 10-year period. Determination of the profitability of different farming systems
comprised two steps:
» The costs, returns and gross margins were calculated per season 2009/2010 under cotton
and 2010/2011 under maize in PB and CONV under three different farm typologies that
were developed in Chapter 6.
» Assessing the profitability of weeding options was done using the following scenarios:
v" High herbicide price variation
v' Fertiliser price variation (High and low variations)
v Product price variation (High and low variations)
v Improved fertility
v Worst case scenarios (low crop price, low rainfall, and high herbicide prices)

v' Combined scenario (Improved fertility and high crop product prices)

The limitation of the model is that it did not account for any damage of the crops by pests and
any diseases that may affect leaf area and therefore decrease crop yields over the simulation
period. Seasonal decisions by farmers were also not taken into account and these may affect

yields.

7.3.2.1 Assumptions on Scenarios
1. It was assumed that the change in maize grain and cotton lint yield was only due to
changes in the productivity of the land. The yield changed because of the improved weed
management and soil fertility (Mutambanengwe et al., 2006; Mutambanengwe &

Mapfumo, 2005).
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2. The variations in the prices of cotton and maize and input costs were kept at base year i.e.
2009 season. The types and quantity of fertilisers for the base year 2009 were used for all
the years of simulation. The socio economic conditions were assumed to remain constant

for the 10 year simulation period.

7.4 RESULTS

7.4.1 Weed Control Treatment and Gross Margin

Cotton

The results showed variations on the gross margin per hectare depending on the weeding
treatment and also differed with farmer resource endowment (Figure 7.2). In Farm Type 1 the
gross margin for hand hoe weeded (US$ 514.00 ha™) treatment was the lowest, whilst the
cyanazine + alachlor (US$ 1363.00 ha™*) treatment in PB was the highest gross margin though it
was statistically similar to cyanazine (US$ 1069.00 ha™) only treatment (Figure 7.2A). When
comparing the effect of tillage on each treatment there was no significant difference (P>0.05) on
the gross margin in PB and CONV for all the treatments except for the hand hoe weeded

treatment were the gross margin in CONV was 38 percent higher than in PB.

In Farm Type 2 the hand hoe weeded treatment (US$ 831.00 ha™) in PB had the lowest gross
margin though it was statistically similar to glyphosate treatment (US$ 802.00 ha™) in CONV
(Figure 7.2B). The highest gross margin was observed in the cyanazine (US$ 665.00, 1149 ha™)
only treatment and it was statistically similar to cyanazine + alachlor treatment (US$ 1018.00,

1069 ha™) in PB and CONV, respectively. There was a significant effect of tillage between the
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gross margin for hand hoe, cyanazine and glyphosate treatments where the gross margin in

CONV was 65 percent higher than in PB.

A significant (P<0.05) effect of weed treatment on the gross margin was observed in Farm Type
3 (Figure 7.2C). The costs of inputs for the hand hoe and the glyphosate treatments exceeded
outputs resulting in negative gross margin in PB. The highest gross margin was in the cyanazine
+ alachlor treatment (US$ 350 and US$ 261) in PB and CONV, respectively. The cyanazine +
alachlor treatment was statistically similar to the cyanazine treatment (US$ 253 and US$ 211) in

PB and CONV, respectively.
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Figure 7. 2 Effect of weeding option on the gross margin obtained during 2009/2010 under
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weeding; ATR= atrazine; GLY= glyphosate; AL= alachlor; Farm Type 1= Well resourced; Farm
Type 2= Medium resourced; Farm Type 3= poorly resourced farmers; Error bars represent SED
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Maize

Figure 7.3 shows the gross margin for four weeding options under three Farm Types. The gross
margin for atrazine + alachlor treatment under BP and CONV were US$ 1012.00 and US$
1029.00, respectively and had similar gross margins with the atrazine treatment US $ 975.00 and
US$ 954.00 in PB and CONV, respectively (Figure 7.3A). The hand hoe weeded treatment (US
$ 661.00 and US$ 656.00) had the lowest gross margin in PB and CONV, respectively though it
was statistically similar to glyphosate treatment (US $ 694.00 and US$ 716.00) in CONV. All

the treatments had statistically similar gross margin in PB and CONV.

Under Farm Type 2, the lowest gross margin was recorded in glyphosate treatment
(US$ -31.00 and US$8.00) and it was statistically similar to the hand hoe (US $ -10.00 US $
6.00) under PB and CONV, respectively (Figure 7.3B). The highest gross margin for Farm Type
2 was in the atrazine + alachlor treatment which was 95 and 75 percent higher than the hand hoe
weeded treatment in PB and CONV, respectively. However, the gross margin in atrazine +
alachlor treatment in PB and CONV were US$216.00 and US$ 248.00, respectively. The
atrazine + alachlor treatment was statistically similar to the atrazine treatments US $ 224.00 and
US$ 223 in both PB and CONV, respectively. There was no significant effect (P>0.05) of tillage

on the gross margin for all the treatments.

The gross margin in Farm Type 3 revealed varying gross margin depending on the weed
treatment (Figure 7.3C). The hand hoe and the glyphosate treatments were not viable. They are
represented by negative gross margin in both PB and CONV. The returns in the atrazine +

alachlor pre-emergence herbicides treated plots were 50 percent higher in CONV than in PB in
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Farm Type 3. The atrazine only treatment in PB resulted in a negative gross margin CONV was
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Figure 7. 3 Effect of weeding option and tillage on gross margin obtained during 2009/2010 under maize,
in Kadoma Zimbabwe. PB=Planting basin; CONV= Conventional Tillage; HH=hand hoe weeding; ATR=
atrazine; GLY= glyphosate; AL= alachlor; Farm Type 1= Well resourced; Farm Type 2= Medium
resourced; Farm Type 3= poorly resourced farmers; Error bars represent SED
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7.4.2 Simulations of Economic Returns under Maize

7.4.2.1 Low Maize Price Variation

Figure 7.4 shows gross margin for weeding options under low maize prize variation. The effect
of the low maize selling price on the gross income, differed with weeding treatment and resource
endowment of farmers. Generally across the entire farm the hand hoe weeded treatment had the
lowest gross margin while the use of pre-emergence herbicides had the highest gross margin.
The gross margin for hand hoe weeded treatment was comparable to the glyphosate treatment
with a small difference. For example in the first year of simulation there was only 11 percent
difference between the treatments. The gross margin for Farm Type 2 and 3 for hand weeded
treatment were negatively affected by the low prizes resulting in negative gross margins in eight
and nine years of simulation, respectively. The glyphosate treatment had negative gross margin
in all the years of simulation in Farm Type 2 and 3. The pre-emergence herbicides treatments,
performed better than the hand hoe weeded treatments and resulted in positive gross margin. In
Farm Type 1, the treatments in PB had slightly higher gross margin than in CONV with more
differences ranging from 32 to 165 percent between PB and CONV. All the treatments under

CONYV in Farm Type 2 and 3 had higher gross margin under PB.

7.4.2.2 High Maize Prize Variation

Increasing the maize grain price increased the gross margin for all treatments particularly for pre-
emergence herbicides applied treatments represented by high gross margin (Figure 7.5). The
gross margin for hand hoe weeded treatment was improved by increasing the price of maize in
five and six out of 10 years of simulation, in CONV and PB respectively. In Farm Type 3 the

treatments under CONV performed better than under PB. While in Farm Type 1 and 2 the gross
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margin for PB was slightly higher than the gross margin in CONV expect for the hand hoe

weeded treatment under Farm Type 2 were the CONV was slightly higher than PB.
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Figure 7. 4 Gross margins for maize crop under different weeding options subjected to low maize price
variations in Kadoma, Zimbabwe. PB = Planting basin; CONV = Conventional Tillage; HH= hand hoe;
ATR= Atrazine; GLY= Glyphosate; atrazine + alachlor; Farm Type 1= Well resourced; Farm Type 2=
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7.4.2.3 High Herbicide Price Variation

The gross margin for pre-emergence herbicide applied remained higher than the hand hoe
weeded treatment even when subjected to high herbicide prices (Figure 7.6). The gross margin
for atrazine + alachlor treatments resulted in the highest gross margin while the gross margin for
hand hoe weeding was the lowest in both tillage systems. However, the responses of treatments
differed with farmers. In Farm Type 1, there was a marginal difference in the gross margin for
PB and CONV. In Farm Type 2, atrazine + alachor treatment in PB had higher gross margin than
in CONV, while the atrazine treatment in PB was slightly higher than in CONV. In Farm Type 3,
the treatments under CONV performed better than in PB, though it was still beneficial to use pre-
emergence herbicides even with high prices of herbicides when compared to using hand hoes for

weed control.

7.4.2.4 Improved Soil Fertility

The results show opportunities to increase the gross margin with improved soil fertility for all
weeding options (Figure 7.7). However, the effects of increasing soil fertility on the weeding
options varied with the farmers. In Farm Type 1, the gross margin in PB was slightly higher than
CONV for all treatments. Further, the atrazine +alachlor treatments had the highest gross margin
but it was comparable to the atrazine only treatment. While the hand hoe weeded treatment had
the lowest gross margin. The gross margin for hand hoe weeded treatment under Farm Type 2,
increased with an increase in soil fertility though it was still negative in two out of 10 years of
simulation. The gross margin for atrazine + alachlor remained higher than the hand hoe weeded
treatment. In Farm Type 3, the atrazine + alachlor treatment was unique in that it had a positive

gross margin in all years of simulation when compared to hand hoe weeded treatment which had
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negative gross margin in 5 out of 10 years of simulation. Conventional Tillage was more than PB

indicated by higher gross margin in Farm Type 3.
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Figure 7. 6 Effect of high herbicide price on the gross margin for weeding options. PB =Planting Basin;
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Figure 7.7 Gross margins of weed management options subjected to improved fertility for the maize crop.
PB =Planting basin; CONV = Conventional Tillage; HH = hand hoe; ATR = atrazine; GLY = glyphosate;
AL =alachlor; Farm Type 1 = Well resourced; Farm Type 2 = Medium resourced; Farm Type 3 = poorly
resourced farmers
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7.4.2.5 Improved Soil Fertility Combined with High Produce Prices

The combined scenario increased the gross margin for all treatments, however, the gross margin
for atrazine + alachlor remained higher than hand hoe weeded treatment and was comparable to
atrazine only (Figure 7.8). In most years of simulation, PB had slightly higher gross margin than
CONV in Farm Type 1 and 2. In Farm Type 3, the gross margin for PB under all treatments
except hand hoe weeded was comparable to CONV unlike in previous scenarios when CONV

had higher gross margin than PB.

7.4.2.6 Low Rainfall Scenario

In years characterised by low rainfall, the gross margin decreased for all the treatments and for
all farmers. The low yields which were a result of low rainfall reduced the gross margin and in
most cases was characterised by negative gross margins as expenses exceeded the income from
the crop sales (Figure 7. 9). In years with adequate rainfall, Type 1 farms performed positively.
The use of herbicides was advantageous in years of adequate rainfall were represented by higher
gross margin. Under Farm Type 2, the gross margin for glyphosate and hand hoe weeded
treatments was negative in 7 out 10 years of simulation in both PB and CONV. The treatments of
herbicide mixtures (atrazine + alachlor) had the higher gross margin when compared to hand hoe

weeded treatment despite the low rainfall received.
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7.4.2.7 High Fertiliser Price Variation for Maize Crop

The effect of an increase in price of maize basal fertiliser (8N:14P:8K) and ammonium nitrate
(34.5 % N) was analysed based on the (1990/2008) price variation (OECD-FAQ, 2008). The
prices of the fertilisers ranged from 100 to 260 percent of the 2009 price (US$ 0.60 kg™).
Fertilisers are important in crop production and crop is negatively affected when farmers do not
use fertilisers due to high costs. In the study, the high fertiliser variations affected productions
for all Farm Types particularly Farm Type 2 and 3 as shown in Figure 7.11. The Farm Type 2
had negative gross margin in eight out of 10 years of simulation for hand hoe weeded treatment.
While the atrazine only treatment had negative gross margin in 4 out of 10 years of simulation.
The gross margin for Farm Type 1 was not affected by high fertiliser price variations since the
gross margin remained positive. In years when the prices for fertilisers increased, the herbicide
treatments had positive gross margin in both tillage systems. The performance of Farm Type 3
was the worst with negative gross margin in all years of simulation for the hand hoe weeded
treatment, while a positive gross margin was obtained for pre-emergence herbicide treatments in

five out of 10 years of simulation.
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resourced farmers.
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Figure 7.10 Gross margins for weeding options subjected to high fertiliser variation. PB = Planting basin.
Tillage; CONV = Conventional Tillage; HH = hand hoe; ATR = atrazine; GLY = glyphosate; AL =
alachlor; Farm Type 1 = Well resourced; Farm Type 2= Medium resourced; Farm Type 3 = poorly
resourced farmers
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7.4.2.8 Average Gross Margin for High Herbicide Prices

The high herbicide prices affected the gross margin for Farm Type 2 and 3 resulting in negative
gross margin in both tillage systems (Figure 7.11). The gross margin for Farm Type 1 remained
positive for all the four treatments. The highest gross margin was also observed for atrazine +
alachlor treatment US$ ha™100, 204, 97 in CONV and US$ ha™ 1015, 236, 207 in PB for Farm
Type 1, 2 and 3, respectively (Figure 7.11). The hand hoe weeded treatment had the lowest gross
margin US$ 611,-10, and 190 in PB and in CONV US$ 655, 61, -50 for Farm Type 1, 2 and 3,

respectively.
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Figure 7.11 Average gross margins for 10 year simulation period of maize crop subjected to high
herbicide price variation. PB = Planting basin; CONV = Conventional Tillage; Farm Type 1 = Well
resourced; Farm Type 2 = Medium resourced; Farm Type 3 = poorly resourced farmers
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7.4.2.9 Worst Case Scenario (Low crop price, high herbicide price, high fertiliser price)

The worst case scenario decreased the gross margin for all the four weed control treatments
(Figure 7.12). The most affected treatment was the hand hoe weeded which resulted in negative
gross margin in 6 out of 10 years of simulation in Farm Type 1 and 2. In Farm Type 3, there was
negative gross margin in 8 out of 10 years of simulation for the hand hoe weeded treatment. The
atrazine + alachlor treatment performed better than all the treatments as indicated by larger gross

margin. The gross margin in PB was comparable to gross margin in CONV for all treatments.

7.4.2.10 Combined Scenario (Improved Soil Fertility, High Crop Price)

A combined scenario of improved the soil fertility and high crop price improved the gross
margin for all treatments (Figure 7.13). The atrazine + alachlor had the highest gross margin in
all Farm Types and tillage systems. The hand hoe weeded treatment had the lowest gross margin.
The combined scenario improved the gross margin for Farm Type 3 and had positive gross
margin in all years of simulation for cyanazine + alachlor treatment while the hand hoe weeded
treatment only had negative gross margin during five out of 10 years of simulation. The gross
margin in PB was slightly higher than in CONV in some years of simulation in Farm Type 1 and

2. Whilst in Farm Type 3 the gross margin for PB was comparable to CONV.
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Figure 7.12 Worst case scenario (low rainfall, high herbicide price, low crop price). PB = Planting basin;
CONV = Conventional Tillage; HH = hand hoe; ATR = atrazine; GLY = glyphosate; AL = alachlor;

Farm Type 1 = Well resourced; Farm Type 2 = Medium resourced; Farm Type 3 = poorly resourced
farmers
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Figure 7.13 Combined scenario of improved fertility and high crop price. PB = Planting basin; CONV =
Conventional Tillage; HH = hand hoe; ATR=atrazine; GLY = glyphosate; AL = alachlor; Farm Type 1 =
Well resourced; Farm Type 2 = Medium resourced; Farm Type 3 = poorly resourced farmers
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7.4.3 Simulations of Economic Returns under cotton

The average gross margins for 10 years of simulation under different weeding options subjected
to different scenerios are shown in Table 7.2. The tank mixture of cyanazine + alachlor treatment
had the highest gross margin when compared to all weed options under all Farm Types and in
CONYV and PB. The second highest gross margins were in the cyanazine treatment, while the
third and fourth in ranking were the glyphosate and the hand weeded treatment, respectively. In
Farm Type 3 the hand weeded and the glyphosate treatments had negative gross margins when
subjected to low crop price and high fertiliser price variation under PB and CONV tillage
systems. The highest gross margin for all treatments was in the high fertiliser and improved
fertility scenario treatment while the increased fertiliser prices resulted in the lowest gross
margin under all Farm Types. The gross margins for Farm Type 3 which were the lowest when

compared to Farm Type 1 and 2 were increased with improved fertility.
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Table 7.1 Average gross margin for 10 simulation years (2009-2018) per Farm Type under cotton for
different weeding options.

Cotton
Planting basin Conventional tillage
Crop production shocks Weeding Farm Farm Farm Farm Farm Farm
option type 1 type2  type3 typel type2  type3
High fertiliser & improved
fertility HH 1480 1077 518 1951 1560 542
CcY 2309 1714.7 806 2254 1939 704,
GLY 1886 1486.6 504 1871 1508 503
CY +AL 2864 2224.1 713 2528 1811 883
Crop high price variation HH 804 535.4 166 1099 1129 196
cYy 1431 991.3 439 1395 1474 375
GLY 1070 799 161 1068 1098 175
CY +AL 1671 1371.4 381 1664 1377 495
Crop low price variation HH 159 445 -108 344 318 -114
cY 595 278 108 573 671 74.
GLY 293 167 -162 303 366 -104
CY +AL 775 561 71 658 615 136
High fertiliser price
variation HH 375 128 -145 647 647 -113
cYy 896 526 121 901 962 69
GLY 591 366 -154 694 620 -135
CY +AL 1223 876 72 1045 885 165
Improved soil fertility HH 775 512 350 1561 1560 378
cY 1393 958 635 1846 1946 551
GLY 1035 769 351 1490 1267 357
CY +AL 1748 1335 563 2075 1825 706
Rainfall variation HH 548 331 34 817 818 65
cY 1100 498 293 1023 1135 248
GLY 762 539 24 765 789 79
CY +AL 1390 1049 250 1215 1028 343

HH= Hand hoe weeding; CY= Cyanazine; GLY= Glyphosate; ATR=Atrazine; AL= Alachlor

7.5 DISCUSSION

Smallholder farmers spend between 50 to 70 percent of labour time on weeding (Chikoye et al.,
2007). Therefore, herbicides have the potential to reduce the labour time required for weeding

and ultimately reduce the labour bottlenecks early in the season as reports in a pot study by
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Gianessi (2009). Reducing the time required for weeding will allow farmers to devote their time
to other farm operations (Muoni et al., 2013). The use of herbicides reduces the weeding burden
on women and children; hence this allows women to concentrate on other household activities,

while children focus more on school.

Reducing the time required for weeding by herbicide usage aids timely weed control. In this
study the time required for weed control with tank mixed and single applications of pre-
emergence herbicides was statistically similar. The hand weeded treatment in PB required more
labour for weeding than in CONV because of the higher weed densities in PB. This implied that
hand weeding was not effective and showed the need for other weed management options in PB
(Mandumbu et al., 2012). The labour required for hand weeding was statistically similar to
glyphosate treatment and there was no advantage of glyphosate in terms of saving labour. This
was mainly because the glyphosate had no residual effects and only controlled existing weeds at
planting and subsequently more labour was required for hand weeding. This, therefore, made
pre-mergence more advantageous than glyphosate alone. Alternatively, there is need to apply

pre-emergence herbicides after applying glyphosate, however, the costs will be higher.

The pre-emergence herbicides atrazine + alachlor increased the gross margin by US$ 351.00 and
US$ 373.00 in PB and CONV, respectively, under Farm Type 1 in maize. The cyanazine +
alachlor treatment also increased gross margin by US$ 849.00 and US$ 399.00 in PB and
CONV, respectively in cotton. It therefore shows that it is economical to use herbicides for weed
control than hand hoes which is consistent with the findings by Muoni et al. (2013). The gross

margin for cyanazine only and atrazine only treatments were similar to the herbicide. It therefore
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implied that farmers could only use cyanazine; however, given that cyanazine mainly controls
broad leaves, it will be better to apply a mixture of the pre-emergence herbicides. This helps to
avoid the build up of grass weeds. The higher gross margins for the hand hoe weeded under
CONV than the PB treatments are explained by the higher labour requirements for land

preparation and weeding in PB.

The higher margin per hour for PB emanates from higher manual labour requirements for land
preparation using hand hoes to make planting basins unlike in CONV, were the ox drawn plough
requires less labour (FAO, 2011). The digging of planting basins is laborious (Andersson et al.,
2011). Similarly, the time required to make planting basins in this study was noted to be almost
two times higher than the labour time required for the CONV method of land preparation. The
high labour required for land preparation in PB cited in Zambia resulted in 69 percent more
labour than required for CONV method of farming (FAO, 2011). A study by Siegel & Alwang
(2005) indicated that 30 to 34 person days per hectare was required for making planting basins.
Nevertheless, the time required to make planting basins was expected to decrease with time as
the farmers are expected to plant in the same holes in the subsequent seasons (Haggblade &
Plerhoples, 2010) with minimal maintenance. However, dry season land preparation was a

challenge for SH farmers since they preferred not to do non-farm activities (Umar et al., 2011).

The higher gross margin in Farm Type 3 under CONV indicated that herbicides had more
advantage in CONV than PB. The negative gross margin for Farm Type 3 for hand hoe weeding
was because of the low yields and the higher costs of weeding. This underscored the need to

focus on improving yields by enhancing the fertility of the soils.
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The OLYMPE model was useful in assessing the resilience of different farming systems based
on the gross margin under climatic, input and output prices variations. Cotton which is
considered as a cash crop was more resilient than the staple maize crop. However, the decreasing
world market prices for cotton during the past 10 years have deterred cotton production in
Zimbabwe. Internationally, the depressed cotton price was due to the United States (US) and to
some extent European Union (EU) inputs subsidy schemes on agriculture which has been a
subject of debate worldwide (www.seatini.org). Without subsidies similar to their counterparts in
the EU or US, Zimbabwean farmers have to bear the costs of production. Diversifying crop
production to include cotton in addition to maize safeguards the livelihoods of farmers during
years when the maize production is low. This allows the farmers to rely on the sales of cotton to
obtain cash to buy food and other household requirements. Cotton is also an important cash crop
for the country with approximately 300 million kg of cotton produced annually, out of which 70
percent is exported to the international market, while 30 percent is reserved for domestic
consumption. Considering the need to encourage the production of cotton in Zimbabwe by
maintaining optimal profitability for the cotton farmers, the government should consider
regulating the cotton produce selling price and input costs. Farm Type 1 was more resilient to
price variation, high inputs costs, and rainfall variation than Farm Types 2 and 3. Farm Type 1
can be targeted for innovations since farmers are less likely to be at risk to any adverse changes
that may occur in agricultural production. Farm Type 3 is at risk to any shocks and it would not
be appropriate to target these farmers though they deserve new technologies to improve their
production. The negative average gross margin for maize crop for Farm Type 3 is a threat to the
production and food security and is exacerbated by low rainfall, high inputs costs of fertilisers,

seed and herbicides. Furthermore, the yields obtained by Farm Type 3 are below the minimum
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requirements of 500 kg ha™ for a family of five persons indicating that this group of farmers are

food insecure (Magombeyi & Taigbenu, 2008).

The crop production is threatened by frequent droughts which occur after every two to five years
in Zimbabwe (Mupangwa et al., 2012). Type 3 farmers have to apply inorganic fertilisers and
manure in order to improve soil fertility. Farmers tend to reduce fertiliser usage due to the
associated high costs and in most cases apply less than 250-350 kg ha™* (Dar & Twomlow, 2004).
There is a need for the Type 3 farmers to improve the soil fertility before they can benefit from
the herbicide technology and PB. The negative gross margin for Farm Type 3 therefore shows
that the variable production costs exceed the income indicating a need to change the production

practices that are associated with weed and soil fertility management.

The gross margin from the weeding options varied with various agronomic and economic
scenarios such as price of inputs associated with the risks that farmers can expect when they
adopt different weeding options. In all the scenarios the gross margin for pre-emergence
herbicides remained high. The most affected was the hand hoe weed treatment largely due to the
low yields and the high labour requirements. An increase in herbicides could also influence the
gross margin; however, this depends on the resource endowments of the farmers.

Overall this study raises the need to complement hand hoe weeding with pre-emergence
herbicides for effective weed control in PB. It was apparent in this study that herbicides reduced
labour requirements and costs compared to the hand hoe, hence increased returns. The herbicides
have potential to reduce labour bottlenecks currently faced in the SH sector. Overall the

herbicides reduced the time and increased the gross margin in cotton and maize however the
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response differed with the farmer resources. The Farm Type 3 did not benefit from using
herbicides because of the low yields. There is a need to improve soil fertility so that farmers can
benefit from the herbicides and PB. From the results of this study, it is proposed that pre-

emergence herbicides should be integrated with hand hoes.

There is need for the Government to avail loans to farmers to purchase herbicides and fertilisers,
considering the relatively high costs that are involved in purchasing these key farming inputs.
There is a need to introduce smaller package herbicides in the local markets, which are not only
easily accessible to the farmers, but also relatively affordable. There is also need to train the local
extension officers in the SH sectors on identification of weeds and the appropriate application of
herbicides so that they can improve their level of assistance to local farmers.

The findings of this study have the following policy implications:

1. Availability of herbicides in the local market and schemes to purchase herbicides. There
is need for continuous training of extension officers to enhance their knowledge of
chemical weed control. This will capacitate them to help farmers in the identification of
weeds, selection of appropriate herbicides and correct usage of herbicides in order to
avoid environmental pollution in Zimbabwe.

2. There is need for policies that facilitate access to small packaged fertiliser and manure for
use by farmers to improve soil fertility and yields. This will likely enhance the farmer’s
income.

3. There is need for the government to regulate input and producer prices for crops in order

to improve the farmers’ income from crop sales.
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7.6 CONCLUSION

It was evident that there is diversity in agro-ecology and socio-economic farm conditions, such
that PB was not applicable to all categories of farmers, particularly the resource-constrained
farmers, although they are the most deserving. Different techniques should be promoted to suit
different farmers’ socio-economic conditions, as blanket recommendations are not sustainable.
Hoe weeded treatment resulted in the lowest gross margin. The treatments with tank mixture of
alachlor + atrazine, alachlor + cyanazine reduced weeding costs and increased the gross margin
when compared to hand hoe weeding. There is a need to develop policies that increase crop
production for Farm Type 3, since the low yields are a threat to food security. Weed management
should be complemented by practices that enhance crop yield such as manure and fertiliser
application. Policy interventions that deal with access to herbicides, and also fertilisers and
manure could help deal with both short and long—term fertility problems in resource-constrained
farmers. Planting basin system is labour intensive; it generally requires extensive labour for
weeding and preparations of basins. Planting basin’s high labour requirements for land
preparation may force farmers to allocate it smaller areas due to the drudgery of digging basins
despite the economic benefit. Therefore, PB should be promoted among farmers with access to
large labour pool or introduce low costs equipment for use by the SH farmers. Policy changes
that enable the careful use of herbicides would help increase crop productivity and reduce labour
in the SH sector, thereby positively impacting the adoption and adaptation of PB without
negative consequences to the environment. There is a need for government to increase
agricultural subsidies to cushion farmers against global price changes. The results are important
for supporting decision making and planning by extension workers and for complimentary

efforts by researchers to improve weed management in the SH sector under PB.
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CHAPTER 8

GENERAL DISCUSSION

8.1 Introduction

This study which evaluates the socio-economic and crop production constraints that affect the
adoption of CA, seeks to contribute to the body of knowledge on the CA with particular
reference to Zimbabwe. By so doing, the study also seeks to capacitate policymakers and
researchers in their planning and implementation of comprehensive CA strategies. Consistently,
the study evaluated the effect of tillage on weed density and diversity on fields in transition from
CONV to PB, with the view to proffer advice regarding the development of effective weed
management strategies. Furthermore, an evaluation to ascertain the effect of soil properties and
management on weed density and diversity in PB was conducted. An exploratory study was
carried out to evaluate the effectiveness of chemical weed control in the SH sector to effectively
manage weeds in PB. Finally an economic analysis was carried to compute returns for economic
analysis of chemical weeding options under different farm typologies using a socio economic
farm systems simulation model, OYLMPE. This chapter provides a synopsis of the whole study
and puts into perspective how the findings can be used to improve weed management and allow

adoption of BP for sustainable crop production.

8.2 Adoption of Conservation Agriculture

The socio-economic factors that determine the adoption of CA that have been identified in this
study include inter alia; the farmer’s age, level of formal education, access to extension services,
availability of labour, draft availability and land size. The adoption of all the three CA

components mainly increased with education draft power and labour availability with young and
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educated farmers adopting all CA components. Most of the farmers adopted minimum tillage
(Planting basin) as one of the principle of CA. The lack of adoption of all the three principles of
CA (minimum soil disturbance; permanent soil cover and, diversified crop rotations) by most
farmers implies that farmers may fail to realise the benefits of CA, such as improved soil
fertility, soil water conservation and increased income, which have been reported elsewhere
(Baker et al., 2007; Kassam, et al., 2009). Giller et al. (2009) strongly believed that for the
benefits of CA to be realised all the foregoing principles should be applied simultaneously. With
regards to permanent soil cover it was observed that the mulch needed to cover the soil was not
only used as stock feed but also for other household purposes. Consequently, farmers are faced
with a dilemma of keeping 30 percent of soil covered or using the mulch for other critical
purposes as stock feeds. The benefits of crop residues include restoring of soil organic matter
which can lead to water holding capacity, soil structure and soil fertility (Chivenge et al., 2007).
There is therefore likely to be low soil organic matter levels and nutrient cycling due to continual

nutrient mining without replacement.

Considering that mulch can suppress weeds (Murungu et al., 2010), in adequate mulch can cause
serious weed management problems. The increased weed density and the farmers’ over reliance
on the hand hoe to curb weed growth, partly explain why farmers failed to adopt CA on fields
greater than one hectare. The survey revealed that the adoption of CA was inhibited by increased
weed density and incremental labour requirements for weeding among other reasons. By
implication, increased weed density in PB would likely exacerbate weed management problems

that are prevalent in the SH, thereby curtailing the adoption of CA. With increased weed
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densities in PB, farmers are not likely to effectively control weeds in time due to labour

constraints.

The experiments in Chapter 4 confirmed the survey results that PB resulted in increased weed
densities, however, the effects of tillage on weed density depended was soil type dependant.
Considering that weed management has already been one of the major constraints to crop
production in the SH sector. The increased weed densities will exacerbate weed management
problems already prevent. It therefore implies other weed management which are as result of
shortage of labour and weeding alternate weeding options. The weed species density and
diversity differed from field to field due to the influence of soil type, socio-economic and
management factors. This phenomenon was confirmed in Chapter 5, wherein 32 percent
variation of the weed densities data was influenced by soil properties, socio-economic and
management factors. The socio economic and management factors had the greatest effect on
weed densities when compared to soil properties and tillage. Access to extra capital from non
farm had the greatest effect on weed densities. Access to capital enabled farmers to hire extra
labour which is important for timely weed control. These results help to explain the inconsistent
findings on weed dynamics in BP. The heterogeneity in weed composition among farms warrants
careful attention in designing weed management strategies. Since the changes to weed density
are not solely due to tillage, it is therefore, not appropriate to design weed management options
which are specific to PB. Weed management options need to be specific for each field
characteristics depending on the soil type and management. There is need to consider the
distribution pattern of weeds, density and history of the field when designing weed control

options. The findings of this study showed that it could be wrong to generalise that weed
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management in PB is a challenge, as the effect of tillage on weeds is an interaction of soil
properties, socio economic and management factors. However, despite the observed increase in
weed densities in PB, the weed species composition in PB and CONV were not significantly
different. This contradicts other studies which reported that PB alters weed species composition
and results in proliferation of perennial weeds species (Nyagumbo, 2009; Chauhan et al., 2012).
It might not have been possible to observe the changes of weed species composition in BP in this
study because it was a short term study and the changes might be evident over a long period of

time.

The high yield losses under PB were as a result of increased competition for nutrients due to high
weed densities. Though there was an increase in weed density in PB, a period of learning and
adjustment is required during the initial stages of adoption of CA. There may be increased labour
requirements in PB but there are opportunities for decreasing weed density in CA with time
(Wall, 2007). Nevertheless, this assertion needs to be verified experimentally especially under

PB were there are no crop residues and crop rotation.

8.3 Weed Management in Planting Basins

This study showed that weed control strategies had an effect on weed densities. The hand hoe
weeding option was not effective in weed control under PB since it resulted in the highest weed
densities and lower yields. Pre-emergence herbicides which include single application of atrazine
and alachlor as well as the mixtures of atrazine + alachlor and cyanazine + alachlor were
effective in weed control and reduced costs of weeding. The herbicides treatments resulted in

competitive advantage crops of over weeds which led to increased yields. However, there was
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differential effectiveness of herbicides among the fields. This showed that blanket
recommendation was not effective suggesting a need to consider appropriate rates of herbicides
for each field. Though herbicides were effective in weed control, there is need for a holistic
approach to weed management in CA which should be focused on the reduction of weed
emergence and prevention of the propagule. Herbicides cannot be used in isolation hence the
needs for an integrated approach to avoid build up of specific weeds. An integration approach
which includes crop rotation, mulching, winter weeding, precision application of fertiliser and
intercropping should be incorporated to complement herbicides. Though herbicides effectively
control weeds under PB in the SH sector limited knowledge and capacity on how to use the
different herbicides currently prevents the farmers from effectively using them. There is

therefore a need to offer training and schemes which can aid farmers to purchase herbicides.

8.4 Economic Analysis of Herbicides in the Smallholder Sector

The OLYMPE model was important in accessing the economic performance of herbicides in the
SH sector. A combination of qualitative and quantitative data in calibration and validation
provided a robust approach and model credence in estimating the impact of crop management,
rainfall and market price variations. Pre-emergence herbicides reduced the weeding time thereby
compensating for the costs of the herbicides. The gross margin varied with the weeding options.
The pre-emergence herbicide treatments had the highest gross margin while the hand hoe
weeded treatment had the lowest gross margin. The higher gross margin in the pre-emergence
herbicide treatments was a result of high yields achieved. Atrazine + alachlor increased the gross

margin by US $ 351 and US$ 373 in PB and CONV, respectively under Farm Type 1. While
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cyanazine + alachlor treatment increased gross margin by US $ 849 and US $ 399 in PB and
CONV, respectively when compared to hand hoe weeding. The gross margin for the pre-
emergence herbicide treatments was higher than the hand hoe weeded option even when
subjected to worst case scenarios. The gross margin for PB was lower than for CONV in the
hand hoe weeded option particularly for the resource poor farmers. This was a result of higher
costs of weeding due to higher weed densities in PB coupled with high costs of land preparation
and low vyields. The economic viability of the PB system can be enhanced by using rippers and
jab planters to reduce labour costs as required during land preparation. It became evident that
there is need to capacitate the resource poor farmers so that they can increase their yields. The
gross margin for Farm Type 3 (poorly resourced) was negative mainly due to low yields. It is
also important to be aware of agricultural shocks such as rainfall variation, high crop prices, and
inputs costs as they have an impact on the gross margin and had a negative impact particularly
on the hand hoe weeding treatment. The limitation of the OLYMPE model was that it could not
simulate social human behaviour but it could only simulate the consequences of human

decisions. The model also did not account for pest and diseases which may affect crop yields.

8.5 CONCLUSION

e Socio-economic factors which include: the farmer’s age, level of formal education, access to
extension services, availability of labour, draught availability and land size played a critical
role in the adoption of CA.

¢ In this short term study, PB resulted in increased weed densities, but tillage has shown mixed

impact on weed density and diversity. In this regard, increased weed densities in PB was an
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interaction of many factors inter alia, soil properties, socio-economic and management
factors.

e The high weed densities at 3 WACE had negative impact on crop yields particularly in PB.

e Pre-emergence herbicides effectively controlled weeds and reduced the associated costs of
weeding.

e From simulations, climate, input and output price variations had an impact on the gross

margin and in all situations the hand hoe weeded treatments had the lowest gross margin.

8.6 RECOMMENDATIONS

1. It is imperative for PB farmers to practice earlier weeding to avert crop yield losses.
Alternatively, farmers who can afford herbicides can mix atrazine + alachlor for maize
and cyanazine + alachlor for cotton for timely and efficient weed control.

2. There is a need to overcome challenges associated with herbicide usage in the SH sector
particularly on knowledge of herbicide usage through training.

3. The weed management strategies should consider field history, management and soil
types before recommendations can be made particularly for SH who are often given
blanket recommendations.

4. One of the major factors that determined the weed densities was access to capital. There

is need for loans or subsidy schemes so that farmers can purchase herbicides.

8.7 ACCEPTANCE/REJECTION OF HYPOTHESIS

1. Hypothesis accepted: Farmer socioeconomic factors affected the level of CA uptake
2. Hypothesis accepted: Weed density and diversity significantly (P<0.05) increased but

was dependant on soil type.
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3. Hypothesis accepted: Soil properties factors affected (P<0.05) weed density and diversity

4. Hypothesis accepted: The use of herbicides reduced (P<0.05) costs of weeding.

8.8 RECOMMENDATIONS FOR FURTHER RESEARCH

1. Long term studies are required to evaluate the ecology of weeds under PB and observe

changes in the weed seed bank in PB in the SH sector. It is also important to determine
the long-term fate of seeds that remain in the seed bank due to the absence of tillage that
brings buried seeds to the soil surface.

There is need for more labour studies on larger farm size plots and where real-time labour
input is recorded under CA.

Further studies are required to explore other factors that interact with tillage in to
determine weed densities in PB.

There is need to undertake long-term studies in Zimbabwe’s other four Agro-ecological
regions. Results from these studies, would provide a comprehensive review of PB in all

agro-ecological regions.

8.9 CONTRIBUTION TO KNOWLEDGE

The study contributed the following:

Identified socio-economic factors such as the farmer’s age, one’s level of formal
education, access to extension services, availability of labour, draught availability and
land size that affect the level of CA uptake and the resultant challenges during the

transitional phase from CONV to CA.
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Weed densities increase during the transitional phase from CONV to BP in the SH sector
in loamy and clay loam soils while no changes were observed in sandy soils.

Established that in addition to tillage, soil properties, socio-economic and management
factors influence weed density and diversity during the transition phase from CONV to
PB.

Demonstrated that herbicides were effective in weed control and economical under PB in

the SH sector.
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APPENDIX 1

Kadoma livelihoods, farming systems and weed
management survey in Conservation Agriculture.

Q3. If not what is your relationship with the

Casenumber........coouuiiiiiiiaiann..,

Explain the purpose of the survey, the length
of time it will take and request the
participation of the designated person. This
survey is being carried out to obtain
information on the differences that occur
between conventional and Conservation
Agriculture practice and to understand how
farmers make decisions on crop and weed
management. This will assist researchers and
farmers in identifying  better  weed
management options which farmers can
practice to improve their productivity and
welfare. The project would be grateful if you
could spare an hour of your time to answer
the following questions. The information you
give will be used in the strictest confidence.

Household details

Q1. Location (to be completed by the
enumerator)

village 10 O village 11 Hyvillage 12 U
village 13 Ovillage 15 Ovillage 16 O

Q2. Are you the head of the household (tick
the appropriate)?

Yes O No O

head of the household?

Wife 7 Son [ Other 7 Husband
Daughter O

Q4. What sex is the head of the household?
Male O

Female O

Q5. What is the marital status of the head of
the household?

Single 0 Married 0 Widowed U
Divorced [Separated O

Q6. What age is the head of the household?

Less tharl] 25-35years] 36-45 years [
25 years 46-55years [156-65 years [
over 65years [

Q7. What is the highest level of education of
the head of the household?

tertiary{ Norl]

Advanced O

secondary O Primary O

257

Q8. Do household members hold any
qualifications including short courses?

Yes 0O No O

If yes Specify
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Q9. Do you have any household member
who attended an agricultural workshop this
growing season (2008/2009)?

Yes O No O

If yes, what was the purpose of the
workshop?

Q10. Where did the head of the household
originally come from?

Local O Mash WestldManicaland U
Midlands —OMasvingo [0 Mash Central
Other  Midlands U Mash East

Q11. How many people live and work in the
household? (Indicate number for each age
category in the space provided and includes
head of household) P= Live permanently
D=Provide daily labour O= Provide
occasional labour

P
Males over 60 [
Females over 601
Males 15-60 U

Females 15-60 U

oo oo o

o 0o 0O 0 0o

Males under15 =

Females N N N
under 15

258

Males under 5 O (| (|

Females n 0 0
under 5

Q12. Does your household hire labour?

Yes O No O

Q13. State what is this labour for?

Permanent OO0 Picking OCutting O
Labour Cotton stocks
Weeding O Ploughing O spraying [
Other specify [

Q14. How this is labour paid?

Cash U Ploughingll  Food
their land

Other (specify)

Q15. Does anyone in your house work on
other people farms?

Yes (| Noll

Q16. If yes who is this?

Husbandd  Wife (|
Childrend Others O

Specify
Q17. If yes how is payment received?

Cash
Food

0 Ploughingtd
LI Other
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Q18. Where do you normally get your
agricultural information? Enumerator please
indicates the main sources by ticking the
boxes.

AREX auP ORadio O
Agricura QCOTTCO OTV O
CARGILL [ NGOs O CTC O
UP O Family  OPamphlets
Other O Books

farmers

If other specify

Q19. When did you last receive information
on farming (Please indicate the period in
months?

Q20. Do you seek extension advice or it is
brought to you

Q21. How often do you receive technical
advice on agriculture?

Never OEverysix [Monthly O
month
Once a yeard Weekly [OEvery three O

months

Q22. Have you ever been trained in cotton
production?

Yes O Noll

259

Q23. If yes what is the training institution?

CTC 0O cotrcot NGO

AREX O Other (|

Q24. Does anyone in the household belong to
any of the following groups or clubs?

None O Garden OLivestock O
ZFU O Sewing OPoultry O
Master O Savings [CUP O
Farmer club

COTTCO [Master 0 Other O
Group farmer trainee

If other

SPCCIY e et et et et et et e e e e e

Q25. What is the total area of the land you
own (Ha or acres)?
Total area........................

Q26. When was the land cleared for
cultivation?

Less tharl] 6-8 years agdd 12-15 yeald

3years ago ago
3-5years-' 9-11years7 over15 O
ago ago years ago

Q27. What is your main soil type?

Alluvial U Sandy loamd  Sandy U
Black

Redsoil I clayloam g other O
Specify

Q28. What area of crops did you plant last
year? (Acres or ha)
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Groundnuts

Beans

Pumpkins

Maize

Cotton

Sorghum

Fallow

Bambara nuts

Garden

Other .l

Specify which crops

Q29. Do you borrow or lease land from
others?
Yes O Noll

Q30. If yes what is the size of the land

Q31. How did you acquire the piece of land?

Given by

InheriteddAllocated by Purchased-
Chief

Allocated by RDC O Other O

Unknown

Assets — Cattle and Implement:

260

Q32. How many of the following livestock
does the household presently own? (Indicate
number)

Bulls

Oxen

Cows/heifers

Young cattle/calves

Donkeys

Goats

Sheep
Pigs

Poultry

Q33. Did the household own enough animals
to make a ploughing team last season?

Yes O NoU
Q34. If not how did you, plough your land

Friend/ OBorrowed [Hired tractor O

Relative  animals
helped

Hired [7 other 1
Animals

Q35. If you hired or borrowed animals how
did you pay?

Cash U Credit HFood Uworking
Giveland U Other U
If other specify

Q36. If you hired or borrowed impliments
how did you pay?

Cash O Credit HFood Bworking U
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Giveland HoOther U
If other specify

Q37. What was the makeup of the ploughing
team?

Oxen Cows Young Donkeys
Cattle
Singlespan 0O O O O
2 animals
doublespan O O O O
4 animals
doublespan U L

6 animals

If other specify

Q38. How many hand tools do you own?

None O Forks O Machete O
Axes U Shovels [ KnapsaciO

sprayer
Wheel- [ Hoes [O0Other O
Barrow

Q39. How many animal drawn implements
do you own that are in working order
None Ll
Ploughs
Cultivators ...
Ridgers ..
Planters ...
Planters ...
Harrows ...
Scotchcarts ...
Watercarts ...
Other

Conventional agriculture
Q40. What was the total area under the
conventional agriculture last year .......

Q41. Are you going to increase or decrease
the area under conventional agriculture?

Give reasons for your plan

Planting
Q42. How do you prepare the land for

Q44. Do you apply cattle manure?
Yes 0 Noll

Explain if No.......oooovviiii

Q45. Do you apply inorganic basal fertiliser?
Yes O Nd

Q46. Do you practice crop rotation?
Yes O NoU
Explain...ifyes..........ccoooo

QA47. Do you leave the crop residues for use
during the next season?

Yes (| Noll
Explain if
Y St
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Q48. What do you understand about
Conventional agriculture?

Q49. How long have you been practicing
Conventional Agriculture?

Q50. What do are the benefits of
Conventional Agriculture?

Q51.What are the disadvantages of
Conventional Agriculture?

Q52. How did you obtain information about
Conventional Agriculture?

Q53.What were the yields under
Conventional Agriculture for cotton and
maize

Conservation Agriculture

Q54. What was the total area under the
conventional agriculture last year for cotton
and maize

Q55. Do you intend to increase or reduce the
area give reason for your
ANSWET . . i i ittt ittt

Planting
56. How do you prepare the land for planting

Q57.When do you plant the following crops
Indicate the month
Maize..........oooveviiiiiiii i
COON ... ceeeev et e e e e
Other.......coceieii i e e

Q58. Do you apply cattle manure?

Yes O NoU

Explain if No......................l

Q59. Do you apply inorganic basal fertilizer?
yes 0 Nd-

Q60. Do you practice crop rotation?

yes 0 Noll
Explain...........cooooiiiiiiii

Q61. Do you leave the crop residues for use
during the next season?

Yes (| Noll

CA?
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CA?

Q67.What were the yields under CA cotton
and maize

\Weed Management in conventional tillag

Weed management
68. When do you start weeding specify for

each crop

Maize Cotton

15Tweek 0O 1% week O
2 week O 2" \week O
39week 0O 3™ week O

Q69. Which are the common weeds
prevalent in your

Q70. Rank the weeds according to the ease
of control

Q71. How many times do you weed the
cotton fields?

No weeding I
Once OTwice Lrhrice O
Fourtimes OOFive O

Q72. In which month did you weed your
cotton?

Q73. Did you abandon any cotton fields last
year?

OYes O No
If yes what the area
Q74. If yes what was the reason?

Poor [ Badweedsd Pest
Germination U problems

Q75. If yes how many times did you weed
before abandoning the field?

Q76. How did you undertake weeding in the
maize land fields?

1st Zst 3st 4st 5st

Hoeonly OO 0O 0O 0O
Herbicide OO 0O 0O 0O
Plough OO o o o
Only
Cultivator OO 0O O O
only
Hand OO o o d
Pulling

O O

Cultivator H L U
Q77. If a herbicide is used which one

Q78. Who normally does the weeding on
cotton W=Women M=Men C=Children
H=Hired labour N=Nhimbe) Tick boxes
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M C H N

wW
Hoe O O O oo
Hand O O O OO0
Pulling O O O OO
Plough O O O OO
CultivatorD O O OO
Herbicide

Q79. List and rank the problem you are facing
in weed control

Q81. Have you observed any changes on the
following issues that pertain to weeds

Weed density.........coovveviiiiiiiiniininn.n
Weed SPecies ..oovvvriviiiiiiiiiiiieeen,
Labour for weeding............................

Q82. What herbicides did you use last year?
None Ul Bladex [ Cottonex!
Prometryn O Cottco guarcd  Agil(d
MetachlorJAlachlor O Atrazine O

Gramoxone [ Glyphosate ™Other O

Specify

Q83. How big was the area you covered?
Have you ever used herbicides any other
time?

Yes O Noll

Q84. If yes why did you stop

Costly 7 Noteffective
Caused Lack of knowledge
Crop of application
Injury....1H  Other Y

\Weed Management in conventional tillage

Weed management
Q86. When do you start weeding specify for
each crop

Maize Cotton

15Tweek O 1% week O

2" week O 2" week O

39week O 39week O
Q87. Which are the common weeds
prevalent irrour area?

Q88. Rank the weeds according to the ease
of control

Q89. How many times do you weed the
cotton fields?

No weeding O
Once OTwice Wrhrice O
O O
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Four times  Five

Q90. In which month did you weed your
cotton?

A SOND J F
ooooooOoo

Q91. Did you abandon any cotton fields last
year?

oYes 0O No
If yes what the area
Q92. If yes what was the reason?

Poor O Bad weedst! Pest [
Germination
problems

Q93. If yes how many times did you weed
before abandoning the field?

Q94. How did you undertake weeding in the
cotton fields?

1st 23t 3St 4st 55t

Hoeonly OO O 0O O
Herbicide O 0O 0O 0O O
Plough o0 O o O
Only

Cultivator OO O 0O 0O
only

Hand Ood O g O
Pulling

Cultivator O 0 0O O O

Q95. If a herbicide is used which one

Q96. Who normally does the weeding on
cotton W=Women M=Men C=Children
H=Hired labour N=Nhimbe) Tick boxes

WM Cc H N

Hoe O O O OO0
Hand O O O oo
Pulling O O O OO
Plough O O O OO
CultivatorD0 O O OO
Herbicide

Q97. List and rank the problem you are facing
in weed control

Q98. What herbicides did you use last year?
None [ Bladex O Cottonexd
Prometryn I Cottco guardd  AgilO
MetachlordJAlachlor O Atrazine O

Gramoxone [ Glyphosate Other O

Specify

Q99. How big was the area you covered?
Have you ever used herbicides any other
time?

Yes (| Noll

Q100. If yes why did you stop

Costly 7 Not effective [
Caused Lack of knowledge
Crop of application
Injury....0  Other O
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Q102. Have you observed any changes on the
following issues that pertain to weeds

Weed density..........oooevviiiiiiiinin.n
Weed SPecies ....vuviriniiiiiiiiiiiiiiaean,
Labour for weeding............................

Q103. Thank you that is all. Is there anything
that you would like to add?

The End

Thank you
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