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EXECUTIVE SUMMARY 

Chemical weed control has been researched in Africa since the 1960s but adoption has been 
low or non-existent for decades. Recent evidence suggests that herbicide use in some parts of 
Africa is reaching significant levels and may be on the rise more generally. Little is known 
about which farmers are using herbicides in Africa and what factors drive their use. This 
study aims to document trends in herbicide use and analyze the drivers of those trends in Sub-
Saharan Africa.  

Herbicide use rates are generally increasing but vary widely by country, from 1% in Malawi 
to 55% in Ghana. Kenya and Tanzania both experienced a jump in herbicide use rates from 
less than 2% to about 10% in 2007 and 2009, respectively. Since then both countries have 
seen minor reductions in herbicide use. In contrast, in Ghana and Zambia herbicide use is 
increasing steadily. In Ghana there has been a dramatic rise from 4% in 1998 to 55% in 2013. 
In Zambia there has been a moderate increase over a shorter time: from 1% in 2009 to 5% in 
2013.  

We used a probit model with pooled cross-sectional data from Ghana and Zambia to analyze 
the factors associated with household herbicide use. The results show that increased herbicide 
use is not associated with increased agricultural wage rates. Instead, in both Ghana and 
Zambia households that are male headed, have more adult workers, and own more land are 
more likely to use herbicides. In Ghana herbicide use is also higher among younger farmers 
and in communities that are farther from extension centers, where there are tractors, and 
where farming is the primary economic activity. In Zambia farmers were more likely to use 
herbicides if they had received subsidized fertilizer, if the cost of commercial fertilizer was 
lower, and if their previous maize price was higher. Also farmers in cotton growing areas of 
Zambia, and who use minimum tillage were more likely to use herbicides.  

Together these results suggest that increased use of herbicides is driven by increased 
awareness, availability, and demand by better off, commercially oriented households. This 
often happens in areas where agricultural productivity is rising and where the opportunity 
cost of labor may be higher. This may explain why in Zambia there is a significant negative 
relationship between herbicide use and agricultural wages. In Ghana there was no significant 
relationship between wages and herbicide use. One way to interpret the insignificant effect of 
wages on herbicide use is that agricultural wages may always be high enough to make 
herbicides profitable. The use of herbicides, then, depends on their availability and farmers’ 
ability to invest in a labor reducing technology. 

Based on this analysis, herbicide use is expected to increase in areas where agriculture 
becomes more commercial. Policies to prepare for these changes should include training 
farmers on safe and effective herbicide application and monitoring for contamination in water 
supplies.  
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1. INTRODUCTION 

Chemical weed control has been researched in Africa since the 1960s (e.g., Bouriquet 1961) 
but adoption has been low or non-existent for decades. It may be tempting to explain low 
herbicide use with the conventional wisdom that smallholder farmers in Africa largely do not 
use modern inputs because of poor infrastructure and market access. However, recent 
evidence from large scale surveys shows that modern input use is actually quite high in some 
countries in Africa (Sheahan and Barrett 2014).  

In Africa, herbicide promotion increased in the mid-1990s with the rise of interest in 
conservation agriculture (CA). Reduced tillage under CA may result in improved soil quality, 
but it also makes weed control more difficult, thus making herbicides a key complementary 
technology (Wall 2007; Giller et al. 2009). The resulting dead layer of weeds after herbicide 
application may even be useful as a mulch if grazing and wildfires can be prevented (Lotter 
2014). When used with conservation agriculture, herbicides have been shown to reduce labor 
days and reduce the risk of crop failure from weed take over (Muoni, Rusinamhodzi, and 
Thierfelder 2013). 

Recent evidence suggests that herbicide use in some parts of Africa is reaching significant 
levels and may be on the rise more generally. In Ghana, recent studies have shown that 
herbicides were applied on 73% of maize plots (Ragasa et al. 2013), were used by 61% of 
yam farmers (Moro 2014), and represent 44% of all chemicals applied to vegetables (Ntow et 
al. 2006). Herbicide use rates are high in Ethiopia (27%) and Nigeria (21%), but less than 
12% in Malawi, Tanzania, Niger, and Uganda (Sheahan and Barrett 2014). In peri-urban 
areas of Mali and Cote d’Ivoire, 38% of farmers used herbicides (Erenstein 2006). Industrial 
agriculture globally has shifted toward dependence on chemical weed control through the 
spraying of herbicides (Gianessi 2013).  

Little is known about which farmers are using herbicides in Africa and what factors drive 
their use. One of the only socio-economic studies on herbicide uptake is based on a survey of 
240 maize farmers in Kenya and Uganda, which found that the 3% of farmers who used 
herbicides were better educated, had larger farms and sold a larger proportion of their harvest 
(Overfield 2000).  

In this paper we address this gap in the literature by documenting trends in herbicide use and 
analyzing the drivers of those trends. We present herbicide use rates over the past decade 
from five countries where we found available data from household surveys: Ghana, Zambia, 
Kenya, Tanzania, and Malawi. We also use pooled cross-sectional data from Zambia and 
Ghana to analyze the determinants of herbicide use over time.  
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2. HERBICIDES AS A WEED CONTROL OPTION FOR                     
SMALLHOLDER FARMERS 

The use of chemical weed control methods has the potential to significantly reduce the labor 
requirements for weed control (Gianessi et al. 2009). For example, in Zambia farmers saved 
up to 30 labor days per hectare (Goeb 2013). Improved weed control may also improve yields 
by removing the competition for light, water, and nutrients. In experimental trials the method 
of weed control has little or no effect on yields as long as the timing and thoroughness of the 
weeding are similar (Muoni, Rusinamhodzi, and Thierfelder 2013; Tatenda and Stanford 
2013; Ishaya, Tunku, and Kuchinda 2008). However, on farmers’ fields the timeliness of 
weed control is made difficult by competing demands for household labor early in the season 
(Orr, Mwale, and Saiti 2002; Haggblade, Kabwe, and Plerhoples 2011).In some cases farmers 
may even abandon fields where weeds have taken over (Mavudzi et al. 2001). Evidence from 
Nigeria suggests that herbicide use by smallholder maize farmers can increase their labor 
productivity and fertilizer use efficiency by providing timely and effective weed control 
(Mutambara et al. 2013). Similarly, in Ghana significantly higher maize yields were observed 
on plots where herbicides were used (Ragasa et al. 2013).  

 
2.1. Potential Drivers and Constraints of Herbicide Use 

Agriculture in Sub-Saharan Africa is being affected by a variety of profound social, 
economic, and biophysical changes, many of which relate to weed control. Changes in wage 
rates, the availability of commercial inputs for agriculture and information about modern 
agricultural practices are likely to affect the relative advantage of herbicides over other weed 
control options Rapid rural population growth in Africa is associated with decreasing farm 
sizes in many countries (Jayne et al. 2003). Even where farm sizes may not yet have 
decreased, there may not be more land available for agriculture, and so fallows are reduced. 
For example, in Ghana impressive growth in the agricultural sector since the mid-1990s was 
driven by land expansion but that is no longer an option (Quiñones and Diao 2011).This has 
direct implications for weed control because shorter fallow periods result in increased 
pressure from annual weeds (Pingali, Bigot, and Binswanger 1988).  

The induced innovation hypothesis (Hayami and Ruttan 1971) would suggest that increased 
agricultural wages would drive labor saving technologies, such as herbicides (Erenstein 
2006). Increases in education have led to a cultural preference away from agriculture in many 
countries, causing many youth to look for employment in urban centers (White 2012).This 
and the potential for increasing urban wages associated with economic growth could result in 
increased labor shortages for agriculture, and thus increased agricultural wages. However, 
there are two hidden complications not reflected in the wage rate: the difficulty of recruiting 
laborers and the difficulty of supervising them. 

A complementary approach to induced innovation is the Agricultural Innovation Systems 
perspective (Klerkx, Van Mierlo, and Leeuwis 2012) which brings attention to the need for 
coordinated action to remove bottlenecks across the value chain. This is crucial for new 
technologies where both supply and demand initially are nil. Herbicide adoption requires 
locally available products packaged in volumes desired by farmers as well as the equipment 
to apply it correctly. Lack of availability and large package sizes were key constraints found 
in a study in Kenya (Muthamia et al. 2004). The influence of market access had a strong 
effect on herbicide use patterns in peri-urban areas of West Africa (Erenstein 2006).  
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A third complementary perspective on agricultural change comes from the sociological 
literature on diffusion (Rogers 2003), which emphasizes the importance of opinion leaders in 
raising the awareness and social acceptability of changing to a new technology. This is 
important for herbicides whose chemical action is mysterious to the naked eye and can easily 
be associated with fears of permanently poisoning the soil. Another aspect of the diffusion 
literature is the importance of learning from trusted peers. Farmers’ lack of use of herbicides 
may not be because they are not economically optimal but because of lack of knowledge or 
skill in how to use them effectively (Beltran et al. 2013). There are various types of 
herbicides (selective or non-selective, systemic or contact effects, seed dormancy inducing, 
etc.) each of which has its own application procedures for safe and effective use (e.g., CFU 
2014).  

 
2.2. Farmers’ Decisions about How to Control Weeds 

Farmers have a number of options for controlling weeds, though each has its own challenges 
(Table 1). Direct strategies for weed control actively eliminate weeds (or their seeds) such as 
through physical or chemical disturbance. Hoe farmers have developed a wide range of 
techniques to effectively control weeds at different stages of crop growth and for different 
rainfall patterns, though their timely use of these techniques depends on if they perceive it as 
the optimal use of their labor or cash, if hiring in laborers for weeding (Orr, Mwale, and Saiti 
2002). Farmers with oxen can weed larger areas per day than hoe farmers, though with less 
precision. Various efforts have been made to develop improved animal drawn cultivators 
(Obuo et al. 2001; Shetto et al. 1993). 

Evidence from studies in Ghana suggests that the profitability of chemical weed control is 
highly context specific. In the difficult to manage vertisols of the Accra plains, where the 
problematic weed Cyperus rotundus L. is prevalent, herbicide use was associated with an 
85% yield improvement over hoe weeding (Darkwa et al. 2001).Another study found 
herbicide use with zero tillage to be 24% cheaper than clearing land with a tractor (Ngeleza et 
al. 2011). Herbicides have also been recommended as the best option for early weed control 
when establishing cacao plantations (Oppong, Osei-Bonsu, and Amoah 2008).In contrast, in 
northern Ghana herbicide use effectively controlled weeds but the high costs and the lower 
yields associated with zero tillage make ox-plowing the most profitable weed control measure 
(Kombiok and Alhassan 2007). Similarly, only 4% of peanut farmers used herbicides in 
Southern Ghana while 69% hired laborers (Bolfrey-Arku et al. 2006). 

Chemical weed control has a relative advantage over manual methods where household labor 
has high opportunity cost and where recruitment and supervision of hired labor are 
problematic, as long as cash flow constraints and lack of training can be overcome. Families 
that have larger farms and/or high return non-agriculture income sources would have the 
highest opportunity costs of labor. Chemical weed control may be less important for 
households with effective animal traction weed control methods. Farmers who have oxen or a 
tractor can weed a larger area in a day and so are less likely to need herbicides. Farmers with 
animal power may still desire herbicides if the animals have alternative uses of similar value 
or if farmers aim to use herbicides to facilitate early planting with minimum tillage.  

Some farmers may not choose to use herbicides even if they are the cheapest option for weed 
control. For example, female farmers in Zambia were concerned that herbicides would reduce 
food security by making it less likely to intercrop and by eliminating the wild vegetable 
weeds they rely on during the growing season (Nyanga, Johnsen, and Kalinda 2012).  
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Table 1. Strategies for Weed Control, Their Challenges, and How They Relate to 
Herbicide Use 
Weed control strategy  Challenges for farmers in 

using that strategy 
Relationship to the herbicide 
use option 

Direct Strategies   
Hoeing or hand weeding 
(family labor) 

Total household labor 
availability 
Opportunity cost of 
household labor 

Herbicides can overcome 
family labor constraints if 
cash flow, access, and 
training needs can be met. 

Hoeing or hand weeding 
(hired labor) 

Cost of hiring laborers 
Difficulty of recruiting 
laborers 
Difficulty of supervising to 
ensure quality weeding 

Herbicides have similar cash 
flow challenges but can 
overcome recruitment and 
supervision challenges. 

Animal drawn or tractor 
drawn cultivators 

Equipment costs 
Training 
Access to oxen/donkeys or 
tractors 

As animals and cultivators 
are sunk costs, herbicides are 
likely more attractive to non-
owners. 

Herbicides Training needs  
Capital to purchase at start of 
season 
Access to chemicals in 
remote areas 

- 

Indirect Strategies   
Timely planting (crop 
grows faster than weeds) 

Labor bottleneck at planting 
Draft animal or tractor use 
bottlenecks at planting 

Herbicides can facilitate 
early planting when 
combined with minimum 
tillage. 

Increased planting density 
(less space and light for 
weeds) 

Requires adequate soil 
fertility and moisture 
 

No relationship 

Mulching with crop 
residues (physical and 
light barrier to weed 
growth) 

Producing sufficient biomass 
for a thick enough layer of 
mulch. 
Alternative uses for residues 
Free range grazing 
Uncontrolled fires 

Sprayed weeds can provide a 
mulch layer that would 
otherwise be buried;  
if herbicides significantly 
improve production, more 
crop residues would be 
produced. 

Source: Author. 
 
Indirect strategies can also be used to prevent weed growth, such as through timely planting, 
dense spacing of crops or mulching. While these indirect methods are undoubtedly important 
strategies used by farmers to control weeds, research on these methods focuses on the more 
direct benefits to crop production such as increased water use efficiency and the direct yield 
effect of having more plants per hectare.  
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3. DATA AND METHODS 

3.1. Data 

We analyzed data from the following multi-purpose agricultural surveys for this analysis:  
Ghana Living Standards Survey (GLSS) Round 3 (1991), GLSS Round 4 (1998), GLSS 
Round 5 (2006), GLSS Round 6 (2013), Zambia Crop Forecast Surveys (2010, 2011, 2012, 
2013, 2014), Kenya Tegemeo Panel Survey (2000, 2004, 2007, 2010), Tanzania Agricultural 
Census (2008), Tanzania New Panel Survey (2009, 2011, 2013), and the Malawi Integrated 
Household Survey (2010, 2013). These surveys were selected based on the availability of 
herbicide use information and essential explanatory variables such as agricultural wage rate 
information. Earlier household survey data from these countries did not include questions 
about herbicide use.  

Data on herbicide prices (a liter of glyphosate) were obtained from the Ministry of 
Agriculture in Ghana and from published reports listing prices (I. Lomotey, personal 
communication1; Ekboir, Boa, and Dankyi 2002; Akramov and Malek 2012; Ragasa et al. 
2013).  

In Zambia total herbicide total sales volumes were provided directly from NWK agri-services 
and Cargill-Zambia (S. Kabwe, personal communication2), the two largest cotton companies 
in Zambia and significant herbicide suppliers both through credit and retail. The price of 
glyphosate each year was obtained from NWK agri-services (A. Shamane, personal 
communication3). The NWK retail price was used for all years. NWK sells three types of 
glyphosate—small sachets of powder (the equivalent of 350 ml), one liter containers, and five 
liter containers. The cost per liter was lowest for larger packages. An average price per liter 
was estimated by using weighted averages where the weight was the proportion of total 
glyphosate sales pertaining to each type of glyphosate.  

Population density data came from census information. The 2010 census was used for all 
years for Zambia. For Ghana, the 2000 census was used with the 1998 survey data, the 2010 
census was used with the 2013 survey data, and the average of the two censuses was used 
with the 2006 data. 

 
3.2. Methods 

A basic model of farmer decision-making about weed control is to assume that farmers 
choose the cheapest option, given their context-specific challenges. The available data across 
time allows for an indirect analysis of how factors associated with the costs and benefits of 
chemical and physical weed control methods affect the probability of herbicide use. The data 
from Zambia and Ghana were used because they provide national cross sectional data 
collected with a similar methodology over time. For Ghana the 1991 data was not used for 
the pooled analysis due to a lack of key explanatory variables. For Zambia, the Crop Forecast 
Survey data collected before 2010 did not include questions about herbicide use.  

                                                 
1 E-mail from Ghana's Ministry of Agriculture, Ivy Lomotey to Philip Grabowski on 7 May, 2015. 
2 E-mail from Stephen Kabwe to Philip Grabowski on 30 June, 2013, this included unpublished herbicide sales 
data from NWK (provided by Graham Chilimina) and Cargill (provided by Emmanuel Mbewe). 
3 E-mail from Alex Shamane of NWK Agri-services in Zambia to Philip Grabowski on 7 May, 2015. 
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We use a probit model to determine the partial effect of each variable on the probability that a 
household uses any amount of herbicides. Formally the probit model allows for estimating 
the probability of a binary variable as follows: 

P (Y=1|X) = Ф(Xβ)  1 

Where Ф is the cumulative distribution function of the standard normal distribution. The 
results are presented as the average partial effect for each explanatory variable to facilitate 
interpretation. Tables 2-4 outline the variables used in the models and the expected 
correlation with herbicide use. The means and variance for these variables can be found in the 
appendix.  

Sampling weights were used to account for the survey design. For Ghana, in 1998 the 
weights had a mean of 1 and were usable for the pooled analysis. For 2006 and 2013 the 
weights provided with the data for Ghana had values equal to the number of farmers 
represented by each observation. These weights were standardized to have a mean of 1 for the 
pooled analysis. In Zambia the same weighting system was used for all years so there was no 
need to adjust weights in the pooled analysis. 

Observations were included only for farming households in districts where herbicides were 
used that year. This was done to exclude households where herbicides may have been 
completely unavailable as their inclusion could confound the results. Both rural and urban 
households were included from Ghana as long as they practiced some farming.  

The dependent variable in the probit models has a value of one if the household spent 
anything on herbicides in the past 12 months and is zero otherwise. All prices were 
standardized each year to have a mean of zero and standard deviation of one to facilitate 
analysis across years without needing to make assumptions about inflation or devaluation.  

To control for unobserved factors associated with each location regional dummy variables 
were included in the analysis. In Ghana a dummy variable for each region was used with 
Western Region as the base case. In Zambia provincial dummy variables were used with 
Central Province as the base case. For both countries, there were insufficient observations at 
the district level to be able to include district dummy variables.  
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Table 2. Description of Variables Used for both Ghana and Zambia to Model the 
Probability of Household Herbicide Use 
Variable Description Hypothesized 

relationship  
Justification 

Male headed 
household 

Binary Positive Better access to markets, more 
resources, and higher risk 
tolerance 

Adult workers People in household 
between age 13 and 
65 

Negative Lower opportunity cost of labor 

Age of head of 
household 

Years Negative More resistant to change 

Education of 
household head 

Years Positive Better able to learn how to use 
herbicides 

Land owned 
 

10s of hectares Positive Higher opportunity cost of labor 

Agricultural wage  Zambia: weed one 
acre. Ghana: clear 
for one day 

Positive 
 

Herbicides are more economical 
when wages are higher 
 

Population density Thousand people per 
square km 

Negative Where population densities are 
low it may be more difficult to 
find laborers 

Herbicide price The price of a liter 
of glyphosate 

Negative Lower prices make herbicide use 
more attractive 

Source: Author. 
 
 
Table 3. Description of Additional Variables Used For Ghana to Model the Probability of 
Household Herbicide Use 
Variable Description Hypothesized 

relationship  
Justification 

Farming as 
primary economic 
activity 

Binary Negative Higher opportunity cost of labor  
and greater liquidity 

Tractors Binary Negative In areas with tractors the cost of  
weeding may be low 

Welfare Total 
consumption 
adjusted for local 
prices 

Positive Farmers who are better off may be  
able to overcome cash constraints 

Distance to road km Negative Distance to paved road is another  
indicator of market access 

Distance to 
extension center 

km Negative Farmers farther from extension may  
have less information about herbicides 

Source: Author. 
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Table 4. Description of Additional Variables Used For Zambia to Model the Probability 
of Household Herbicide Use 
Variable Description Hypothesized 

relationship  
Justification 

Received fertilizer 
subsidy 

Binary Positive Farmers who receive subsidies 
may have cash freed up to use on 
other inputs 

Amount of subsidized 
fertilizer received 

kg Positive Farmers who receive more 
fertilizer have more incentive to 
manage weeds 

Cotton producing zone Binary Positive In these areas more farmers have 
access to agricultural credit 

Minimum tillage Binary Positive Farmers who use minimum 
tillage may have more need for 
herbicides 

Fertilizer price Median ZMK per bag 
by district – 
standardized by year 

Negative Higher fertilizer prices may 
correlate with a general lack of 
agro-dealers 

Fertilizer transport 
price 

Median ZMK per bag 
by cluster – 
standardized by year 

Negative Fertilizer transport cost is one 
indicator of market access 

Maize price Median ZMK per kg 
by district – 
standardized by year 

Positive Higher maize price may 
encourage investment in inputs 

Source: Author.
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4. RESULTS 

4.1. Trends over Time 

Herbicide use has increased dramatically in Ghana from less than 2% in 1998 to over 50% of 
farming households in 2013. Zambia also has a generally upward trend over the past five 
years. In other African countries where data is available the trend is less clear. In Tanzania 
and Kenya there are significant increases in herbicide use rates in 2009 and 2007 respectively 
but then later decreases in herbicide use (Figure 1). In contrast herbicide use is low in Malawi 
has remained low at 1.0% in 2010 and 1.3% in 2013 (not shown in Figure 1). For the 
remainder of this study we focus on understanding the upward trends in herbicide use in 
Ghana and Zambia.  

 
Figure  1. Trends in Household Herbicide Use over Time in Ghana, Zambia, Tanzania, 
and Kenya 

 
Notes: Ghana data is from Ghana Living Standards Surveys rounds 3-6; Zambia data is from CSO Crop 
Forecast Surveys; Data from Tanzania is from the 2008 Agricultural Census and from the first three waves of 
the New Panel Survey (2009-2013); Kenya data is from the Tegemeo Panel Survey Data.  
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4.2. Trends over Time and Space 

By looking at the spatial distribution of herbicide use over time for both Ghana and Zambia 
we can get an initial sense of what might be driving adoption. In 1991 the highest level of 
herbicide use was in Western Region of Ghana where most of the cocoa is grown but by 2013 
the highest use rates are found in Ghana’s maize belt of Northern and Brong Ahafo Regions, 
though use rates are quite high across the country (Figure 2). 

Comparing the spatial distribution of herbicide use with the spatial distribution of agricultural 
wages suggests that increased wage rates are not the primary driver of herbicide use (Figure 
3). The highest agricultural wages in Ghana are in Greater Accra Region (where urban 
employment opportunities increase the demand for labor) and this area has the lowest 
herbicide use rates. Western Region also has higher agricultural wages presumably because 
there is demand for labor due to commercial production of tree crops such as cocoa and palm 
oil. The regions with the highest herbicide use rates have agricultural wages that are 15% to 
35% below the national mean.  

 

Figure  2. Herbicide Use over Time in Ghana by Region  
a) 1991  b) 1998        c) 2006  d) 2013  

     
Source: GLSS Rounds 3, 4, 5, and 6. 
 
 
Figure 3. Percent Variation from the Mean Agricultural Wage1 in Ghana by Region 
1991-2013 
 

 
Source: GLSS Rounds 3, 4, 5, and 6. 
1 Cost to pay a man for clearing for one day. 
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For Zambia, herbicide use rates are widely different across provinces with most herbicide use 
being in the cotton growing regions of Eastern, Central, Copperbelt and Lusaka Provinces 
and persistently low use rates in the northern and western portions of the country (Figure 4). 
High cotton prices in 2011 occurred simultaneously with an increase in the supply and 
promotion of herbicides by the cotton companies. Sales from the two largest cotton 
companies increased by almost ten times in 2011 (Figure 6). The cotton price fell 
dramatically in 2012 causing many cotton farmers to default on their loans and even more to 
be cautious with how much credit they took out during the 2012-2013 season (Grabowski et 
al. forthcoming). This can be seen in the much lower herbicide use rates in Eastern Province 
in that season (Figure 4c) as well as by the 30% drop in herbicide use in the country (Figure 
1). However, glyphosate sales by cotton companies only fell by 9% (Figure 6), which could 
be possible if those using herbicides increased the areas where they applied the chemical.  

One interesting exception to this association between cotton production and herbicide use is 
that of Southern Province where cotton production is common but herbicide use rates 
remained at 5% or less for all years. This is not likely a result of differences in wage rates 
because most of the cotton growing areas has lower than average wage rates, with the 
exception of Lusaka Province (Figure 5). Instead one possible explanation is that in Southern 
Province, where cattle are culturally valued more than other cotton growing provinces, 
farmers may be better able to control weeds through cultivation with oxen and thus have less 
demand for herbicides.  

In contrast to what one would expect from induced innovation, Western Province has high 
wage rates and low herbicide use. This is likely because of poor roads, low population 
density and less commercialized agriculture than other parts of Zambia.  

 
Figure 4. Herbicide Use Rates in Zambia by District 

 
Source: CSO Crop Forecast Surveys. 
Note: For simplicity the 2009-2010 map is left out as it is nearly identical to 2010-2011.  
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Figure  5. Percent Variation from the Mean Agricultural Wage1 in Zambia by Province 
2009-2014 

 
Source: CSO Crop Forecast Surveys. 
1 Wage to pay a man to weed one acre. 
 
 
Figure 6. Total Herbicide Sales by NWK Agri-Services and Cargill, the Two Largest 
Cotton Companies in Zambia 

 
Sources: NWK agri-services (G. Chilimina, personal communication); Cargill-Zambia (E. Mbewe, personal 
communication). 
Note: Glyphosate is also sold as a powder and the kilograms sold were converted to liters of glyphosate 
concentrate (285 g = 350 ml).  
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Figure 7. Changes in Mean Wages, Herbicide Price, and Herbicide Use in Zambia over 
Time 

 
Sources: Herbicide prices A. Shamane, personal communication; all other data, CSO Crop Forecast Surveys. 
 
 
Overall in Zambia there is no significant wage trend though variation from year to year can 
be quite large (Figure 7). The cost of glyphosate has increased in absolute terms (not 
controlling for inflation), and the wage to herbicide cost ratio has actually decreased over the 
period where herbicide use rate has increased. This suggests that herbicide use is not a 
reaction to higher agricultural wages. 

 
4.3. Econometric Analysis of What Is Driving These Trends 

4.3.1. Ghana Results 

The probit results show that in Ghana households that are male headed, have more adult 
workers, are younger, and own more land are more likely to use herbicides. The combination 
of positive coefficients on both the amount of land and number of available workers in 
models 2 and 3 suggest that labor shortages alone do not drive herbicide use (Table 5). 
Instead it appears that households who have greater potential for commercialized agriculture 
are the ones more likely to invest in herbicides.  

Likewise, herbicide use in model 3 is more likely in communities where agriculture is more 
commercial—where there are tractors, and where farming is the primary economic activity 
(as opposed to fishing, handicrafts, etc.). Wages were highly variable but not significantly 
associated with herbicide use. Herbicide use is more likely in areas that are farther from 
extension centers, which is surprising and difficult to explain. Education, population density, 
household welfare, and distance to a paved road were not significant factors for the 
probability of herbicide use.  

The coefficients on most regional dummy variables are significant in all models, which 
suggests the importance of otherwise unobserved factors related to the particular farming 
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systems in each region. The coefficients on the year dummy variables are also significant, 
which could be interpreted as evidence of increasing availability of herbicides generally. 
Ideally future household surveys will ask about herbicide prices for each location, which 
would allow price and time to be modeled together.  

These results are largely consistent with other studies on agro-chemical use in Ghana. 
Ngeleza et al. (2011) found that herbicide use was associated with larger farm sizes. 
Similarly, Moro (2014) found that yam producers in Ghana were more likely to use 
herbicides if they had larger farm sizes and sold a larger proportion of their crop. Egyir 
(2007) observed the opposite effect for the combined use of herbicides and pesticides for 
plantain production but attributed this to a more commercial focus by those with smaller 
farms, while larger farms tended to grow plantains for subsistence. The same study found 
lower use of agro-chemicals closer to Accra, which, though not expected, was attributed to 
the greater involvement in non-agricultural income-generating activities in that region. 

 
Table 5. Marginal Effects from Probit Analysis of Household Herbicide Use on Any Crop 
in Ghana 

  Model 1 Model 2 Model 3 
VARIABLES Probit aster se Probit aster se Probit aster se 
        

 
          

Male headed hh (Yes=1)  
   

0.109 *** (0.012) 0.108 *** (0.013) 
Adult workers in hh (age 13-65) 

   
0.019 *** (0.003) 0.020 *** (0.003) 

Age of head of hh 
   

-0.002 *** (0.000) -0.002 *** (0.000) 
Education (years) of hh head 

   
0.001 

 
(0.001) 0.001 

 
(0.001) 

Land owned (10s of ha) 
   

0.060 *** (0.012) 0.057 *** (0.012) 
Population Density (1000/km2) 

   
-0.068 

 
(0.052) -0.035 

 
(0.050) 

Welfare 
   

0.012 
 

(0.008) 0.012 
 

(0.008) 
Agricultural wage 

   
-0.001 

 
(0.006) -0.001 

 
(0.006) 

Tractors in community 
      

0.014 ** (0.007) 
Farming as primary economic = 1 

      
0.149 *** (0.030) 

Distance to paved road (10s of km) 
      

-0.012 
 

(0.013) 
Distance to Extension Center (10s of km) 

      
0.011 *** (0.004) 

Year  2006 = 1 0.228 *** (0.015) 0.220 *** (0.014) 0.220 *** (0.014) 
Year 2013 = 1 0.537 *** (0.012) 0.571 *** (0.012) 0.573 *** (0.012) 
Central Region = 1 -0.078 *** (0.019) -0.076 *** (0.022) -0.077 *** (0.022) 
Greater Accra Region = 1 -0.249 *** (0.031) -0.147 *** (0.055) -0.139 ** (0.056) 
Volta Region = 1 0.046 *** (0.017) 0.053 *** (0.019) 0.061 *** (0.020) 
Eastern Region = 1 0.056 *** (0.017) 0.048 ** (0.019) 0.049 ** (0.019) 
Ashanti Region = 1 0.094 *** (0.018) 0.116 *** (0.019) 0.121 *** (0.020) 
Brong Ahafo Region = 1 0.131 *** (0.017) 0.106 *** (0.020) 0.107 *** (0.020) 
Northern Region = 1 0.088 *** (0.017) 0.017 

 
(0.020) 0.011 

 
(0.020) 

Upper East Region = 1 -0.203 *** (0.017) -0.244 *** (0.018) -0.246 *** (0.018) 
Upper West Region = 1 -0.105 *** (0.017) -0.163 *** (0.018) -0.164 *** (0.019) 

          pseudo R-squared 0.1531 0.1999 0.2049 
likelihood value -8,052.7 -5,393.4 -5,308.2 
% correctly predicted 70.8% 84.9% 86.1% 
Observations 15,618  11,660  11,518  
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4.3.2. Zambia 
 
Similar to the results from Ghana, model 2 and 3 shows that households in Zambia that are 
male headed, have more adult workers and more land are more likely to use herbicides (Table 
6). Age is not significant in Zambia but the level of education is strongly significant with 
more educated farmers being more likely to use herbicides.  

A further similarity is the lack of a positive effect of population density and agricultural 
wages on the probability of herbicide use. In fact, the Zambia data shows a significant 
negative effect of agricultural wages on herbicide use, which we interpret as a non-causal 
correlation associated with unobserved (and thus uncontrolled) heterogeneity in the 
availability of herbicides. Our logic is as follows: herbicides are probably more easily 
available in areas with more commercialized agriculture, which also tend to have higher 
agricultural wages.  

In model three we attempted to control for availability of herbicides by using a dummy 
variable for cotton growing locations, which not only have well-developed networks of input 
suppliers but also have greater availability of agricultural credit for herbicides and greater 
extension support through the private sector. Farmers in cotton growing areas are more likely 
to use herbicides, but this had little effect on the negative coefficient for agricultural wages. 
Cotton farmers tend to focus their efforts on agriculture and have fewer non-agricultural 
income sources ( Haggblade, Kabwe, and Plerhoples 2011). In model three the negative 
coefficient on the cost of transporting fertilizer becomes marginally significant, showing that 
farm gate prices for inputs can vary significantly and impinge on the profitability of input 
use. 

In Zambia the analysis was able to control for a wider range of economic factors than in 
Ghana. The results show that farmers are more likely to use herbicides when fertilizer is 
cheaper or more available. As maize is one of the most important crops in the country and 
nitrogen is a key limiting factor in maize production, farmers tend to prioritize fertilizer 
purchases. Farmers who have received subsidized fertilizer are more likely to use herbicides, 
which suggests that the subsidy is freeing up cash to purchase other inputs. Likewise, 
herbicide use is more likely in areas with lower prices for commercial fertilizer (not 
subsidized). Furthermore, farmers tend to use herbicides more where maize prices were 
higher in the previous marketing year. As mentioned above in relation to cotton in Zambia, 
the previous price of a crop can be a good predictor of investment in commercial inputs to 
produce that crop.  

Model three also includes a variable to capture the complementary management practice of 
minimum tillage (MT). Farmers who use MT are more likely to use herbicides because they 
are not using cultivation of the land for early weed control. Minimum tillage has been widely 
promoted in Zambia as conservation farming (Baudron, CIRAD, and FAO 2007) and is being 
adopted to enable earlier planting and to reduce farmers’ vulnerability to drought (Grabowski 
et al. forthcoming). 

Compared to Ghana, the adoption of herbicides in Zambia is largely understudied. We found 
one student thesis that found positive correlations between herbicide use and extension and 
education (Mbazima 1997). In addition, the report of an independent consulting firm found 
that herbicide use was higher in areas where CFU had more concentrated training and 
extension (Kasanga and Daka 2013). 
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Table 6. Marginal Effects from Probit Analysis of Household Herbicide Use on Any Crop in Zambia 
  Model 1 Model 2 Model 3 
VARIABLES Probit aster se Probit aster se Probit aster se 
                    
Male headed hh (Yes=1)  

   
0.014 *** (0.003) 0.014 *** (0.003) 

Adult workers in hh (age 13-65) 
   

0.003 *** (0.001) 0.002 *** (0.001) 
Age of head of hh    -0.00004  (0.000) -0.0001  (0.000) 
Education (years) of hh head 

   
0.003 *** (0.000) 0.003 *** (0.000) 

Land owned (10s of ha) 
   

0.005 *** (0.001) 0.005 *** (0.001) 
Population Density 2010 (1000/km2) 

   
-0.005  (0.004) -0.003  (0.003) 

Received subsidized fertilizer (Yes=1) 
   

0.015 *** (0.003) 0.016 *** (0.003) 
Subsidized fertilizer received (metric tons) 

   
0.040 *** (0.005) 0.040 *** (0.005) 

Transport cost for fertilizer  
   

-0.003  (0.002) -0.004 * (0.002) 
Agricultural Wage 

   
-0.008 *** (0.002) -0.009 *** (0.002) 

Fertilizer Price 
   

-0.007 *** (0.002) -0.006 *** (0.002) 
Maize Price 

   
0.003 ** (0.001) 0.004 *** (0.001) 

Uses any minimum tillage (Yes=1)  
   

   0.039 *** (0.005) 
Cotton grown in ward (Yes=1)  

   
   0.029 *** (0.003) 

Year  2011 = 1 0.001 
 

(0.004) -0.001  (0.005) -0.003  (0.005) 
Year 2012 = 1 0.029 *** (0.005) 0.030 *** (0.006) 0.027 *** (0.006) 
Year  2013 = 1 0.014 *** (0.004) 0.007  (0.005) 0.007  (0.005) 
Year  2014 = 1 0.046 *** (0.005) 0.048 *** (0.006) 0.047 *** (0.006) 
Copperbelt Prov. = 1 0.020 *** (0.004) 0.030 *** (0.006) 0.057 *** (0.008) 
Eastern Prov. = 1 -0.011 *** (0.003) -0.015 *** (0.003) -0.024 *** (0.003) 
Luapula Prov. = 1 -0.037 *** (0.002) -0.037 *** (0.002) -0.029 *** (0.004) 
Lusaka Prov. = 1 -0.002 

 
(0.005) 0.006  (0.007) 0.010  (0.007) 

Muchinga Prov. = 1 -0.016 *** (0.004) -0.032 *** (0.003) -0.030 *** (0.003) 
Northern Prov. = 1 -0.020 *** (0.003) -0.025 *** (0.003) -0.014 *** (0.004) 
Northwestern Prov. = 1 -0.033 *** (0.002) -0.036 *** (0.003) -0.027 *** (0.004) 
Southern Prov. = 1 -0.029 *** (0.002) -0.034 *** (0.002) -0.035 *** (0.002) 
Western Prov. = 1 -0.024 *** (0.003) 0.002  (0.008) 0.019 * (0.011) 
Pseudo R-squared 0.0527 0.1054 0.1182 
Likelihood value -862,523.6 -703,783.0 -688,885.3 
% correctly predicted 94.2% 94.3% 94.3% 
Observations 49,744 40,143 39,394 
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5. DISCUSSION AND CONCLUSION 

Our results show that herbicide use in certain countries is on the rise but this does not appear 
to be in response to any increase in agricultural wages. One way to interpret the lack of effect 
of wages on herbicide use is that agricultural wages are always high enough to make 
herbicides desirable. The drivers of increased herbicide use appear to be increased 
availability of herbicides and increased ability to purchase herbicides by better-off farmers 
who have a commercial orientation in their production. Even in countries where herbicide use 
is generally on the rise, context is important. This context specificity is indicative of the 
complex tradeoffs farmers face in allocating their limited labor and cash resources (Tittonell 
et al. 2007).  

In places where markets and supporting institutions continue to encourage commercially 
oriented agriculture we can expect herbicide use to continue to rise. This is because in such 
contexts farmers are more likely to be able to overcome cash constraints to commercial input 
use. In addition, where conservation agriculture is adopted farmers are likely to find 
herbicides important for controlling weeds. In many parts of Africa, farmers are likely able to 
find herbicides if they look for them but their safe and effective use will require in-depth 
training (e.g., CFU 2014).  

The environmental concern posed by this increase in agro-chemicals merits the attention of 
policy-makers. Herbicide use can pose hazards to human health due to lack of training on 
proper nozzles and application regimes, lack of protective material, and lack of awareness 
about the danger of spraying near open water (Bishop-Sambrook 2003). The high cost of 
protective material led 86% of farmers in Nigeria to apply herbicides without any special 
protection (Banjo, Aina, and Rije 2010). In Ghana the Environmental Protection Agency is 
supposed to train input suppliers to provide farmers with safe handling information but this is 
largely unmonitored (Egyir 2007). Even literate farmers may find it difficult to obtain 
adequate information about safe handling as many herbicides are sold unlabeled, such as in 
Ghana where retailers repackaged them into smaller containers with no information but the 
name (Williamson 2003). 

Without sufficient information and training about safe handling herbicides present a potential 
risk to humans and the rest of the environment. In Zambia herbicides such as Atrazine were 
found in the fish caught along the Kafue river (Syakalima et al. 2006). Detectable levels of 
the herbicide Atrazine have been found in streams and hand-dug wells in the maize belt of 
Ghana but not at levels beyond the WHO limits for drinking (Hope 2013). Continuing this 
type of monitoring will be important as herbicide usage continues to grow.  
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STATISTICAL DESCRIPTION OF THE VARIABLES USED IN                             
THE PROBIT MODELS 

 
Table A1. Description of Variables Used in the Ghana Model 

Variable Mean 
Std 
Dev Min Max 

Household herbicide use 0.4252 0.4944 0 1 
Male headed hh (Yes=1)  0.7619 0.4259 0 1 
Adult workers in hh (age 13-65) 2.5984 1.6689 0 17 
Age of head of hh 47.2543 15.5687 15 99 
Education (years) of hh head 5.0364 4.6809 0 16 
Land owned (10s of ha) 0.2373 0.4438 0 6.03 
Population Density (1000/km2) 0.1349 0.1346 0.0093 9.0383 
Welfare 0.7489 0.6869 0.012 29.45 
Agricultural wage 0.0619 0.9147 -1.775 15.598 
Tractors in community 0.1103 0.4848 0 9.9 
Farming as primary economic = 1 0.9644 0.1852 0 1 
Distance to paved road (10s of km) 0.0658 0.2845 0 4.5 
Distance to Extension Center (10s 
of km) 0.9347 1.2317 0 8 
Glyphosate price 6.4183 1.7327 4.52 8 
Year = 1998 0.0003 0.0167 0 1 
Year  2006 = 1 0.4697 0.4991 0 1 
Year 2013 = 1 0.523 0.4991 0 1 
Western Region = 1 0.1232 0.3287 0 1 
Central Region = 1 0.0931 0.2906 0 1 
Greater Accra Region = 1 0.009 0.0946 0 1 
Volta Region = 1 0.1103 0.3133 0 1 
Eastern Region = 1 0.1567 0.3635 0 1 
Ashanti Region = 1 0.1967 0.3975 0 1 
Brong Ahafo Region = 1 0.1099 0.3128 0 1 
Northern Region = 1 0.1139 0.3177 0 1 
Upper East Region = 1 0.0589 0.2355 0 1 
Upper West Region = 1 0.0282 0.1655 0 1 
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Table A2. Description of Variables Used in the Zambia Model 
Variable Mean Std Dev Min Max 
Household uses herbicides 
(Yes=1) 0.0367 0.1881 0 1 
Male headed hh (Yes=1)  0.7862 0.41 0 1 
Adult workers in hh (age 13-65) 3.1122 1.805 0 26 
Age of head of hh 44.3438 14.8688 12 104 
Education (years) of hh head 6.1815 3.7983 0 19 
Land owned (10s of ha) 0.3399 0.8338 0 100.75 
Population Density 2010 
(1000/km2) 0.0529 0.2716 0.000153 8.6842 
Received subsidized fertilizer 
(Yes=1) 0.342 0.4744 0 1 
Subsidized fertilizer received 
(metric tons) 0.0911 0.1872 0 7 
Transport cost for fertilizer  -0.0229 0.8556 -1.8692 10.4656 
Agricultural Wage -0.1862 0.8265 -1.7792 4.0783 
Fertilizer Price 0.033 0.7766 -3.5326 4.0312 
Maize Price -0.0621 0.805 -7.3935 4.7754 
Uses any minimum tillage 
(Yes=1)  0.0935 0.2912 0 1 
Cotton grown in ward (Yes=1)  0.4292 0.495 0 1 
Glyphosate Price (ZMK rebased) 32.4381 6.926 24.6674 42.342 
Yr 2010 0.1908 0.3929 0 1 
Yr 2011 0.2119 0.4086 0 1 
Yr 2012 0.1924 0.3942 0 1 
Yr 2013 0.1835 0.3871 0 1 
Yr 2014 0.2213 0.4152 0 1 
Central Prvo. = 1 0.1506 0.3577 0 1 
Copperbelt Prov. = 1 0.0768 0.2663 0 1 
Eastern Prov. = 1 0.2262 0.4184 0 1 
Luapula Prov. = 1 0.0744 0.2624 0 1 
Lusaka Prov. = 1 0.2262 0.4184 0 1 
Muchinga Prov. = 1 0.057 0.2318 0 1 
Northern Prov. = 1 0.1466 0.3537 0 1 
Northwestern Prov. = 1 0.0506 0.2191 0 1 
Southern Prov. = 1 0.1567 0.3635 0 1 
Western Prov. = 1 0.0259 0.1589 0 1 
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