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Abstract 

Understanding drivers of weed density and diversity is essential for the development of weed 
management strategies. Here, we compared temporal changes in weed density and diversity 
under no‐till (NT) and conventional (CONV) tillage systems in cotton–maize rotations on 
loam, clay loam and sandy loam soils immediately after transition to NT in Kadoma, 
Zimbabwe. The effect of tillage system on weed density varied through the growth season 
and was dependent upon soil type and species composition of the weed community. Although 
weed responses to tillage system varied amongst species, we identified general trend effects 
on weed density on specific soils. At 3 weeks after crop emergence (WACE), weed density 
on loam soils was 76% and 96% higher in NT than in CONV during the 2009/2010 and 
2010/2011 seasons, respectively, and on clay loam soils it was 37% and 33% higher in NT 
than CONV, respectively. Weed densities in NT and CONV were similar across all soil types 
at 6 WACE during the 2009/2010 and 2010/2011 seasons and at 9 WACE in 2009/2010. 
Tillage system did not affect weed density during the growth season on sandy loam soils. 
Weed diversity (Shannon index) was at least 75% higher in NT than CONV on loam and clay 
loam soils at 3 WACE during both seasons. It is likely these increases in weed densities 
following conversion to NT will exacerbate already prevalent weed management problems in 
the smallholder sector. Earlier weeding is recommended to suppress weed emergence and 
reduce likely associated crop yield losses. 

Keywords: cotton–maize rotation; smallholder farms; soil type; tillage system; weed density; 
weed diversity 
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1 INTRODUCTION 

Since 2004, the United Nations Food and Agriculture Organization (FAO) have, with support 
from governmental and non‐governmental organisations, made a concerted effort to promote 
no‐till (NT) tillage systems amongst smallholder farmers in sub‐Saharan African countries, 
including Zimbabwe (Nyamangara et al., 2014). The promotion of NT is meant to address the 
many challenges farmers face in crop production, including farming on unproductive soils, 
accelerated land degradation and high input costs of inputs such as labour and the associated 
costs (Mtambanengwe et al., 2015). To date, the adoption rate of NT is low amongst 
smallholder farmers in Zimbabwe. This is partly because these Zimbabwean farmers are 
concerned about increased weed pressure following conversion from conventional (CONV) 
tillage systems to the NT system. Such concerns are substantiated by reports, of increased 
weed density in NT systems, relative to that of CONV, from Mozambique, Zambia, Lesotho 
and Malawi (Nicole and Thierfelder, 2017). 

Increases in weed density following the adoption of NT will exacerbate weed management 
problems on smallholder farms, which generally rely on hand hoeing and family labour. The 
availability of labour and animal draught power influences the timing of cultivation, sowing 
and weed control. These factors, combined with environmental conditions, influence the rate 
of growth and the subsequent management of weeds. For example, during periods of high 
rainfall, when the weeds develop very rapidly and extremely densely, they contribute to low 
crop yields. Their management is thus a significant crop production constraint in the 
smallholder sector (Muoni and Mhlanga, 2014), therefore making hand hoeing inefficient 
(Mafongoya et al., 2016). 

The reports from the literature are inconsistent; in addition to variations in weed density, NT 
can influence the dynamics of the weed community. Whilst Mhlanga et al. (2015) report that 
under annual rotations of maize, NT increased the weed diversity with different cover crops, 
(Mashingaidze et al., 2012) on the other hand, found no differences in weed density and 
community composition between NT and CONV tillage, under rotations of sorghum–cowpea. 
Similarly, no significant differences in weed densities between NT and CONV were observed 
in winter wheat crops (Bàrberi et al., 2001). Mohler (1993) notes that the findings of various 
studies of weed responses to tillage are influenced by the interactions between diverse 
variables, such as weather, duration of the study and the long‐term history of the field. Fried 
et al. (2008) found weed communities on clay soils were different from those growing on 
sandy soils. The diversity of findings of the effects of tillage on weed communities is a 
reflection of the complex interactions between cropping systems and weed dynamics and, as 
indicated above that other factors, such as soil characteristics, also play a role (Vasileiadis et 
al., 2012). Previous research has furthermore determined that the distribution and abundance 
of weeds across the landscape could also be indicative of variations in soil properties (Fried 
et al., 2008; Abbasvand et al., 2014). Therefore, NT effects on weeds are likely to be 
determined by soil type. 

The main objective of this study was to compare weed density, diversity, and the timing of 
weed emergence in NT and CONV systems in different soil types on smallholder farms in 
Zimbabwe. As discussed above, the combined findings of several previous studies suggest 
that NT effects on weed communities are context‐specific (Bàrberi et al., 2001; Fried et al., 
2008; Mashingaidze et al., 2012; Mhlanga et al., 2015). Smallholder farmers in Zimbabwe 
have limited resources for managing unexpected changes in weed infestations, making it 
essential to understand how NT affects weed communities in smallholders' fields. 
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2 MATERIALS AND METHODS 

2.1 Site description 

During the 2009/2010 and 2010/2011 growing seasons, experiments were conducted near the 
town of Kadoma, Zimbabwe (−18°0.467010 E, 29°0.616970 S). Soils which vary from silty 
clay loams to clays classified as Chromic Luvisols (FAO, 1974) support the two major crops 
grown in the area: cotton (Gossypium hirsutum L.) and maize (Zea mays L.). Three separate 
locations in the same geographical area were selected within a mosaic of 5 040 ha of arable 
and 2 100 ha of grazed areas. Within each location, six farms and one field per farm were 
selected. The six farms from each of the three localities represented either loam, sandy loam 
or clay loam (Table 1). All the selected fields were under CONV tillage for an average of 
20 years before the study. All selected fields were under maize–cotton rotations before and 
during the study period. A rain gauge was installed at each site before commencement of the 
study, and rainfall data were collected every day. Daily temperature data were collected from 
a weather station in Kadoma. 

Table 1. Soil texture characteristics at study sites  

 

2.2 Field procedures 

At each site, plots were positioned side‐by‐side using a paired comparison design. Each plot, 
representing either the NT or CONV system, was 6 × 5.4 m. The paired plots were laid out in 
a randomised complete block design, replicated three times at each farm. The experiments 
were repeated in the same plots during the second year of the study. CONV tillage plots were 
ploughed using an ox‐drawn mouldboard plough twice during the year, in winter and spring. 
The plough depth was up to 0.23 m. Sowing furrows in CONV were also made with the ox‐
drawn mouldboard plough, to a depth of 0.15 m. The creation of sowing furrows eliminated 
weeds before planting. Glyphosate (Roundup® 360, Monsanto Company, St Louis, MO, 
USA) was applied at a rate of 360 g a.i./L one week before sowing in NT plots to control all 
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weeds before planting. The spray volume was 200 ℓ/ha, and the spray pressure was 250 kPa. 
The herbicide was applied with a 15 ℓ knapsack sprayer through flat fan nozzles that evenly 
covered a swath width of 0.3 m. The NT plots were only disturbed when pits were dug to 
create planting basins measuring 0.15 m × 0.15 m × 0.15 m, in which seeds were sown. 

A medium‐maturity cotton variety was sown on 10 December 2009 in both NT and CONV 
systems. A maize hybrid, which matured in 135 days after sowing, was sown on 7 December 
2010. Cotton and maize were both seeded with 0.3 m in‐row spacing and 0.9 m inter‐row 
spacing. Three seeds were sown per hole and were thinned to one plant per hole at two weeks 
after crop emergence (WACE) for both crops. All plots were weeded with hand hoes at 3, 6 
and 9 WACE. Fertiliser for maize (7% N: 14% P2O5:7% K2O + 8S) and cotton (5% N: 17% 
P2O5:8% K2O + 0.1% B) was applied at a rate of 200 kg/ha at sowing. Both cotton and maize 
crops were top‐dressed with ammonium nitrate fertiliser (NH4NO3‐) at a rate of 100 kg/ha per 
application at 5 and 9 WACE. 

2.3 Soil sampling and analysis 

Five soil samples from equally spaced positions were taken along a transect that ran 
diagonally through each of the 18 fields. A soil sampler measuring 0.7 m in diameter and 
0.20 m deep was used to collect the soils from five positions. The five samples from each 
field were combined to make one composite sample for analysis. The soil samples were air‐
dried and passed through a 2‐mm sieve to remove plant debris and coarse fragments. Clay 
and silt contents were determined by the hydrometer method with NaP2O2 as the dispersing 
agent (Gee and Bauder, 1986). The sand fraction was determined by wet sieving. 

2.4 Weed assessment and data analysis 

On average, the maize and cotton crops emerged seven days after sowing. In each plot, weeds 
that had emerged at 3, 6 and 9 WACE were counted at species level within three 0.50 m2 
quadrats that were positioned using the random‐pair technique during each season (Nkoa et 
al., 2015). The positions of the quadrats were changed the following season. All weeds were 
pulled out from the quadrats after the counting process, meaning that the values at 6 and 9 
WACE were newly emerged weeds since the last recording and were not accumulated weeds 
that had emerged since sowing. Weeds outside of the quadrats, but within study plots, were 
removed with hand hoeing soon after weed counts. The mean of the three quadrats was 
calculated to characterise the weed density of each plot. The pulling of weeds might have 
disturbed the soil and brought weed seeds to the soil surface, where conditions were 
conducive to germination, with enough light and moisture. There were no weed counts at 9 
WACE during the 2010/2011 season because there was no precipitation in February, which 
prohibited weed emergence after weeding at 6 WACE. 

The weed species diversity, which demonstrates the species richness and species evenness in 
an area, was estimated using the Shannon diversity index, computed at the plot level as 
follows (Magurran, 1998): 

 

where S = number of species; N = total number of weeds within the three quadrats in each 
plot; and = ni number of individuals of the ith species within the three quadrats. 
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The relative abundance, which indicates how species are distributed within an ecosystem, 
was computed at the location level for each species as follows (Kent, 2012): 

 

 

 

Multiple indices, which are not interchangeable, were used to enhance an understanding of 
complex relations driving the changes in weed density and composition during the transition 
to NT. To meet the assumptions of parametric analysis, a (x+0.5) transformation was 
performed before analysis to homogenise variances. An independent sample‐paired t test was 
used to compare the total weed density and Shannon diversity index in NT and CONV 
systems, three different sampling times ( 3, 6 and 9 WACE) and on different soil types (clay 
loam, sandy loam and loam). The total weed densities at each sampling time and within the 
different soil types and years were tested separately using PROC TTEST (SAS Institute 9,2) 
with α = .05. Repeated measures analysis was performed for weed density under different 
tillage and soil properties over different sampling times using a linear mixed model. Each 
analysis consisted of fixed effects of tillage, soil type, sampling time and all interactions. 
Wald‐type F statistics were calculated for tillage, soil type, sampling time and all associated 
interactions using the SAS® statistical package. The standard error of difference (SED) was 
used for mean separation when treatments were significantly different (p < .05). 

3 RESULTS 

3.1 Weather data 

The fields in this study had similar rainfall patterns with the greatest linear distance between 
two of the eighteen selected fields being 25 km. Precipitation was more evenly distributed 
during the 2009/2010 season than the 2010/2011 season (Figure 1A). The precipitation in 
January 2011 was above average and exceeded the 30‐year average by 53.4%. There was no 
precipitation in February 2011. The monthly average temperatures for the 2009/2010 and 
2010/2011 seasons were similar and comparable to the 30‐year average (Figure 1B). 
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Fig. 1. Monthly precipitation and temperature during the 2009/2010 and 2010/2011 crop growth seasons, and 
the 30‐year averages across all study sites 

3.2 Weed composition across sites, tillage system and sampling time 

Twenty‐seven (27) weed species were identified across the three locations, (Table 2) with 
41% of the total weed species being found in all three locations with different soil textures. 
For each soil type, abundance values >0.1 were considered as dominant weeds. The most 
dominant weed species in sandy loam and clay loam soils was Richardia scabra, whilst 
Leucas martinicensis was the most dominant weed in loam soils. 
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Table 2. The relative abundance of weed species identified during 2009/2010 and 2010/2011 seasons 

 

1 Note 

3 Relative abundance = (relative density + relative frequency)/2). 
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3.3 Effects of the tillage system, soil type and sampling time on total weed density 

The effect of tillage (p < .05) on total weed density at 3 WACE was significant in loam and 
clay loam soils during both seasons as recorded in (Table 3). Weed emergence was not 
affected by tillage in sandy loam soils at all the sampling times, in both seasons. The study 
findings revealed that in loam soils, the total weed density was 76% and 96% higher for NT 
than for CONV at 3 WACE during the 2009/2010 and 2010/2011 seasons, respectively. As to 
the other related findings, they revealed that in clay loam soils, the total weed density for NT 
was 37% and 33% higher than for CONV for the 2009/2010 and 2010/2011 seasons, 
respectively, at 3 WACE. At 6 WACE during the 2009/2010 and 2010/2011 seasons and at 9 
WACE in 2009/2010 season, the weed densities in NT and CONV were similar. 

Table 3. Mean total weed density (plant/m 2) in cotton (2009/2010) and maize (2010/2011) as affected by 
tillage system 

 

Abbreviations: CONV, Conventional tillage; NT, No‐till; WACE, weeks after crop emergence. 

a Square root transformed (x + 0.5) data presented. 

3.4 Effects of tillage system, soil type and sampling time on dominant weed species 
(2009/2010 se... 

Densities of dominant weed species were influenced by various interactions, including 
tillage × time of sampling, tillage × soil type, and time of sampling × soil type (Table 4). The 
tillage × time of sampling interaction was significant for Melinis repens and L. martinicensis, 
whilst no significant effect of tillage was observed at 6 WACE for Melinis repens. However, 
higher weed densities were observed under NT than under CONV at 3 and 9 WACE 
(Supplementary Table S1). The densities of L. martinicensis were higher under CONV than 
under NT at 6 WACE, whilst at 9 WACE, NT had higher weed density than CONV had. The 
interactive effect of tillage × soil type was significant for M. repens and R. scabra. On loam 
and clay loam soils, Melinis repens was found to have higher weed densities under NT than 
under CONV systems, whilst R. scabra was also found to have higher weed densities under 
NT on sandy loam and clay loam soils than CONV (Supplementary Table S2). The weed 
sampling time × soil type interaction was significant for all dominant weed species (Table 4). 
The weed densities were similar from 6 to 9 WACE for M. repens, under loam and clay loam 
soils. In contrast, the weed densities peaked at 6 WACE for A. hispidum, B. pilosa, 
C. olitorius and L. martinicensis, on sandy loam soils (Supplementary Table S3). 
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Table 4. Significance of the sources of variation for densities of dominant weeds occurring in plots subjected to 
no‐till and conventional tillage treatments 

 

Note: 6 p‐values are from the analyses of variance for the 2009/2010 and 2010/2011 seasons. 

Abbreviations: ST, soil type; T, sampling time; TS, Tillage system. 

3.5 Effects of tillage system, soil type and sampling time on dominant weed species 
(2010/2011 season 

The densities of M. repens, Bidens pilosa, I. plebia, L. martinicensis and T. procumbens were 
significantly affected by tillage system × sampling time × soil type interactions (Table 4). 
The effect of a tillage system on I. plebia was observed just in clay loams at 3 and 6 WACE 
(Supplementary Table S4). The NT system promoted an earlier emergence of B. pilosa on 
loam soils as compared to that of CONV, resulting in higher densities of B. pilosa at 3 
WACE than at 6 WACE (Supplementary Table S4). 

A significant sampling time × soil type interaction was observed for Corchorus olitorius and 
A. hispidum densities (Table 4). C. olitorius resulted in higher weed density at 6 WACE than 
at 3 WACE on loam and clay soils, whilst the sandy loam soils produced a higher density of 
C. olitorius at 3 WACE than at 6 WACE (Supplementary Table S5). The density of 
A. hispidum at 3 WACE was higher than that observed at 6 WACE in sandy loam soils. A 
reverse trend was observed in clay loam soils, where the weed density was higher at 6 WACE 
as compared to 3 WACE (Supplementary Table S5). 

3.6 Effect of tillage system, soil type and sampling time on weed community diversity 

A significant (p < .05) effect of tillage systems on the Shannon diversity indices at 3 WACE 
was observed on loam and clay loam soils during the 2009/2010 and 2010/2011 seasons 
(Figure 2). With regard to NT, the Shannon diversity indices were 142 and 75% higher than 
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in CONV on loam soils during the 2009/2010 and 2010/2011 seasons, respectively. NT 
resulted in a 93% and 100% higher effect on the Shannon diversity index at 3 WACE on clay 
loam soils, during the 2009/2010 and 2010/2011 seasons, respectively. The effect of the 
tillage systems on weed diversity on clay loam soils at 6 and 9 WACE resulted in a 47% and 
16% higher Shannon diversity index in NT than in CONV, respectively. There was no 
significant (p> .05) effect of the tillage system on weed diversity on sandy loam soils during 
both seasons. 

 

Fig 2. Effects of tillage system on weed diversity (Shannon diversity index) during the 2009/2010 and 
2010/2011 seasons. NT: no‐till; CONV: conventional tillage 

4 DISCUSSION 

NT tended to promote both a high and earlier weed emergence on loam and clay loam soils 
during both seasons, as compared to the effects of CONV systems. However, NT had no 
visible effect on the dynamics of weed emergence on sandy loam soils, thus indicating that 
the effects of the tillage systems vary in relation to soil characteristics. The findings concur 
with several other investigations that have reported higher weed densities under NT in loam 
and clay loam soils (Mhlanga et al., 2015; Hossain et al., 2017; Mashingaidze et al., 2017). 
No‐till seed banks are concentrated in the top layer of the soil, where a higher proportion of 
NT seed banks germinate compared to CONV seed banks (Singh et al., 2015). Conversely, 
the lower weed density in CONV was attributed to the effect of the plough as it turns the soil 
and buries more weed seeds to a depth where conditions induce seed dormancy (Swanton et 
al., 2000). The influence of soil texture on the germination of seeds could possibly be 
associated with the transmission of light through the soil, which is dependent on soil particle 
size, moisture content, particle colour and the presence of organic matter (Benvenuti, 1995). 
Thus, variation in light attenuation might have contributed to soil effects on the emergence of 
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weeds from the first 4 mm of soil. However, since weed emergence most probably occurred 
from seeds buried deeper than 4 mm, therefore, variation in light was probably not the only, 
or primary, causal factor of the effects caused by soil type. 

The effects of tillage systems on individual weed species differed according to soil type and 
sampling time. Species like M. repens, B. pilosa, I. plebia, L. martinicensis and 
T. procumbens were conditioned by soil type × sampling time × tillage system interaction. 
The significant interaction demonstrates that the changes in weed density under NT cannot be 
attributed to tillage alone and that emergence responses to changes in a tillage system are 
regulated by species, sampling time and soil type. The different weed densities observed 
during the three sampling times might have been due to species‐specific requirements for 
temperature, light and the soil water content required for germination. The lower weed 
density at 6 and 9 WACE compared to 3 WACE was likely due to the changing sub‐canopy 
light quality and quantity, affecting weed growth. When comparing the weed densities at 
each assessment period between the two seasons, the effect of tillage on weed density was not 
magnified in the second season. The reason being that the plots were weeded effectively such 
that there were no weeds, which produced seeds and added more seeds to the weed seed bank 
reducing the potential cumulative effects of CT on weeds during the transition period. 

The high weed densities of M. repens and B. pilosa, under NT, may necessitate earlier 
weeding than would be the case in CONV for loam and clay loam soils. High densities of 
M. repens, and B. pilosa, if not appropriately controlled, will result in yield losses. Bidens 
pilosa is competitive with crops, partly because this species is characterised by high water 
use efficiency and high nutrient extraction capacity (Santos and Cury, 2011). According to 
Takano et al. (2016), Bidens pilosa also features biotypes resistant to some herbicides, 
rendering its control difficult in agricultural areas. The management of B. pilosa is further 
complicated by prolonged periods of propagule dissemination, seed germination and seedling 
emergence, as well as the potential for beneficial associations between B. pilosa and 
microorganisms (Santos and Cury, 2011). Melinis repens is known as a prolific seed producer 
and can form a vegetative mat 5 cm thick across the soil surface (Stokes et al., 2011). 
Generally, early emerging weeds not specific to M. repens and B. pilosa, if not controlled 
effectively, are able to produce a higher number of weed seeds and in this manner contribute 
to future weed infestations (Simard and Benoit, 2012). 

Whilst no significant effects on diversity were observed on sandy loam soils in this study, a 
higher diversity of weed species was observed in NT on loam and clay loam soils, depending 
upon the weed sampling time. High weed species diversity was also observed in emerged 
weeds under NT in maize–soybean winter wheat rotations (Murphy et al., 2006). As 
previously alluded to, the different effects of tillage on weed diversity in different soil types 
and sampling times observed in this study suggest an interaction of tillage, soil type and weed 
sampling time, on weed diversity. Additionally, local field histories could have contributed to 
differences in weed communities across the soil types. However, according to Gaston et al. 
(2001), clay soil binds more nutrients and has higher water‐holding capacity than sandy soils, 
which might explain high weed diversities in clay soil when compared with the lesser amount 
of diversities found in sandy soils. According to Ługowska et al. (2016), the highest Shannon 
index values were obtained for weed communities growing on silty loam soils, whilst the 
lowest Shannon index was found for weed communities observed on infertile soils which had 
developed from sand and slightly sandy loams. The high diversity indices in clay and loam 
soils found under NT, may have weed management implications. A more diverse weed 
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community may be easier to manage than a less diverse one if the latter is dominated by 
more‐difficult‐to‐manage weed species. 

4.1 Divergent findings 

In contrast to our results, Hernandez Plaza et al. (2011) compared NT and CONV systems in 
cereal–leguminous rotations that were practised for 23 years in Central Spain. They 
concluded that tillage does not significantly determine weed diversity. The short‐term nature 
of our study makes it difficult to compare with the study by Hernandez Plaza et al. (2011). 
Explicitly, our data do not indicate whether the observed changes in weed diversity are 
lasting consequences of NT or due to an artefact related to the change in the tillage system. 
Shortly after the transition from CONV to NT, there could be a transitory period when new 
species adapted to NT began to populate a site, and species adapted to CONV continued to 
emerge from persistent but diminishing seed banks. This would elicit a temporary increase in 
diversity, and this could happen even though NT might not affect weed diversity in the long 
term (Odhiambo et al., 2015). The variation in findings between long‐ and short‐term studies 
of the effect of tillage on weed diversity suggests that longitudinal studies under different 
conditions are necessary to disentangle the effects of tillage on weed diversity. 

5 CONCLUSIONS 

Effective weed management options are crucial to achieving potential yield gains offered by 
NT systems. In such systems, weed populations are, over time, reduced by crop rotations, 
appropriately timed control interventions and soil cover with crop residues and live mulches 
that inhibit weed seedling emergence and promote weed seed mortality (Wall, 2007). To 
successfully manage weeds during transition from CONV to NT, Zimbabwean smallholder 
farmers who have loam and clay loam soils will require new weed management schedules. 
This is because the results of this study indicated that NT induced both denser and earlier 
weed emergence on loam and clay loam soils, compared to the CONV tillage‐based systems 
at 3 WACE. According to our findings, farmers with fields in transition to NT need to 
remove weeds earlier than those with fields under CONV; a large number of weeds 
immediately following transition to NT could be discouraging to the farmers. However, there 
is a need for long‐term studies because NT‐induced increases in weed density and diversity 
could be a temporary phenomenon. 
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