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Introduction


Global environmental change, including climate change, has adversely affected urban smallholder farmers in producing adequate and nutritious food to meet household needs in developing countries. Adopting climate-smart agriculture (CSA) practices can contribute to mitigating this challenge.







Methods


A study was carried out to evaluate current climate-smart crop production practices by urban farmers in Chitungwiza District, Zimbabwe, and their effects on household diets. Mixed methods research using a convergent parallel design was carried out where focus group discussions were carried out with four groups of farmers of diverse composition; and 107 households were randomly selected and interviewed in 2022. Farmers were grouped as climate-smart (CS) and non-climate-smart (non-CS) based on cropping sequences, soil fertility management practices, seed selection, soil water management, and tillage practices using a matrix.







Results


Results showed that only 23% of the farmers were classified as climate-smart. The adoption of climate-smart practices was influenced by the socio-economic status of the farmers i.e., age-influenced type of seed grown (p<0.05); employment status influenced tillage method used (p=0.04) as well as water management practices (p=0.04), and education level influenced the cropping system (monocropping versus diversified; p=0.03). There were no significant differences in maize yield of CS and non-CS farmers, with CS farmers having an average maize yield of 2.10t/ha vs. 2.27 t/ha, respectively, in the 2020/2021 season. Climate-smart crop production had a positive influence on household diets with CS households having a significantly higher Household Dietary Diversity Score (HDDS) than that of non-CS farmers (3.3 vs. 2.9; p=0.02).







Discussion


We concluded that the adoption of climate smart agronomic practices in urban agriculture positively impacts food and nutritional outcomes for urban communities thus contributing to the United Nations Sustainable Development Goal 2 of reducing hunger and poverty by year 2030.
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1 Introduction


By the year 2030, approximately 60% of the world’s population is predicted to live in urban cities (United Nations, Department of Economic and Social Affairs, Population Division, 2018). This rapid urbanization has pressured urban environments to provide ecosystem services, including the provision of food, feed, fuel and fiber. Therefore, in most developing countries, increased urban food insecurity and poor diets have become critical concerns as more people move to urban areas (Szabo, 2016; Putra et al., 2020; Ngcamu, 2022). Studies show that urban communities experience food insecurity at four levels. The national level, where excess food is limited nationwide due to challenges with imports or policy, and many nations push for an increase in production (Warr, 2014; Ashby et al., 2016). Food insecurity can be experienced at household and individual levels based on the ability to grow and buy their own food and knowledge on dietary diversity and crop diversification (Barrett, 2010). Insecurity can also result from temporal changes such as variation in climate, economic stability and outbreak of pests and diseases (Ayalew et al., 2024). Consequently, sustainable food production in and around cities is an important strategy to meet household food self-sufficiency and build resilience, particularly in major cities in sub-Saharan Africa (Langemeyer et al., 2021). Evidence from literature shows the growing importance of urban and peri-urban agriculture in reducing food insecurity in urban systems through the supply of cereals for home consumption and better nutrition (Cofie et al., 2003). A study carried out in Zimbabwe showed that 22.3% of households in urban areas practiced agriculture, and the figure can increase to 46% in areas where climatic conditions are favorable for crop production (ZimVAC, 2023).


Urban agriculture (UA) covers agricultural activities located in urban or on the fringe (peri-urban) of a city or town, which reflect the local context, and the aim is to enhance urban sustainability (Sarker et al., 2019). Throughout the world, UA is practiced and its share of the global food sector is approximately 25-30% (Senyolo et al., 2021). It is estimated that 230 million urban dwellers in Africa and 130 million in Latin America practice gardening, producing not only for family consumption, but also as a source of income (Korir et al., 2015; Sarker et al., 2019). Urban food production can play a vital role in meeting many of the food security challenges in urban communities, particularly in developing countries thereby building greater resilience of the urbanites to climate change and other shocks and stresses.


In the wake of climate change, characterized by erratic rainfall, droughts, and increased prevalence of pets and diseases and other stresses, urban food production has not been spared and has seen a reduction in crop yields in recent years (Vermeulen et al., 2012). Against this background, adoption of climate-smart agriculture (CSA) as an adaptation and mitigation strategy in UA to support food and nutrition security has become increasingly important (Chitakira and Ngcobo, 2021). CSA is an approach anchored on three pillars namely (i) sustainably increasing agricultural productivity and incomes, (ii) adapting and building resilience to climate change, and (iii) reducing and/or removing greenhouse gases emissions (FAO, 2013). To cope with the changing climate, urban farmers are already experimenting with a number of agronomic techniques with some of the options culminating into crop yield and soil health benefits (Nyamasoka et al., 2015).


Conservation agriculture (CA), precise fertilizer application, use of organic nutrient sources, crop rotation, and intercropping, use of drought-tolerant crops, precision irrigation and agroforestry are some of the commonly-promoted CSA practices in SSA (FAO, 2013; Chitakira and Ngcobo, 2021). Conservation agriculture consists of three principles, which are permanent soil cover, minimum soil disturbance, diversified crop rotations, and integrated weed management along with other good production practices of plant nutrition and pest management. It conserves natural resources and the environment for improving and sustaining crop productivity (Farooq and Siddique, 2015). Previous assessments in Zimbabwe have shown that there are different climate-smart crop production options used by farmers. These include CA (commonly promoted as Pfumvudza/Intwasa), use of quality certified seeds, use of community seed banks, use of adapted improved seed, growing of traditional cereal crops, use of compost/organic fertilizer, use of drip irrigation, intercropping, cover cropping and mulching.


Climate-smart agriculture plays an important role in enhancing the food and nutritive security of urban communities. As highlighted in the previous paragraphs, CSA improves the resilience of the urban communities by allowing the crops to cope in the advent of drought, unpredictable rainfall and increased pests and diseases (Lipper et al., 2014). In addition, diversified food sources can help provide alternatives in cases of some crops failing as well as a wider nutrition base for the communities. Furthermore, CSA in urban communities can also allow communities to buy food that they cannot grow from income from selling excess crops, especially vegetables and also promotes local food production leading to reduced cost to buy food (Khumalo et al., 2024; Chari and Ngcamu, 2022).


Adoption of CSA practices in urban communities is also influenced by the socio-economic status of the farmers. Studies by Mujeyi et al., 2021 in Zimbabwe showed that the adoption of CSA practices was influenced by livestock ownership, access to information and availability of labor. In another study, farm size, land tenure and education level influenced the adoption of climate smart soil fertility practices in Kenya (Mogaka et al., 2021). These studies and several others demonstrate the influence of demographics on adoption of CSA practices in smallholder farming communities but there is a paucity of information on whether similar variables would drive CSA practices in urban communities and ultimately influence food and nutrition security.


Given the increasing importance of UA, it is important to assess the extent of adoption of CSA technologies and their contribution to supporting food and nutrition security of urban households, particularly in the wake of the changing climate. Such assessments allow for identification of options for scaling up, and (re) designing of existing of CSA technologies targeted at households of varying resource endowment to ensure sustainable agricultural production within the larger context of resilient cities and food systems The objectives of this study were therefore to i) characterize climate-smart crop production practices in Chitungwiza District, Zimbabwe ii) determine the contribution of climate-smart smallholder crop production on household food and nutrition security and iii) to determine the socio-economic drivers of adoption of CSA practices. The results of this study will provide new design options for enhancing climate-smart crop production in urban and peri-urban environments, thereby supporting the sustainability and resilience of urban agri-food systems as shown in the Theory of Change framework (
Figure 1
).


[image: Flowchart illustrating the process from inputs to impacts for an urban agri-food system. Inputs include smallholder farmers, government support, and literature review. Activities involve collecting qualitative and quantitative data. Outputs focus on knowledge and documentation of CSA practices. Outcomes include increased food security and improved ecosystem benefits. The final impact is a sustainable and resilient urban agri-food system. Arrows show the progression from inputs to activities, then to outputs, outcomes, and impacts.]
Figure 1 | 
Theory of change conceptualized for the study (Adapted from Reddy et al., 2022).








2 Methodology





2.1 Study site


The study was conducted in Chitungwiza district (
Figure 2
) of Harare Province (17° 59′ 38″ S, 31° 2′ 53″ E) in 2022. The district is at 1448 m above sea level and experiences a sub-tropical climate classified as Cwb (a highland tropical climate with dry winters and hot humid summers) according to the Köppen and Geiger classification system (Rohli et al., 2016). Chitungwiza experiences a maximum temperature range of 21.8°C to 30.5°C, and a minimum temperature range of 8.3°C to 17.4°C, and a unimodal rainy season receiving an average rainfall of 800 mm between November and March (Shumba et al., 2020). This climate makes it possible to grow a variety of crops e.g. maize (Zea mays L.), beans (Phaseolus vulgaris L.), sweet potatoes (Ipomea batatas (L.)), groundnuts (Arachis hypogaea L.), and leafy vegetables such as Brassica juncea and Brassica napus and tomatoes (Lycopersicon esculentum).


[image: Map showing the location of Chitungwiza District in Zimbabwe. The map includes three sections: a small map of Africa highlighting Zimbabwe, a map of Zimbabwe pinpointing Chitungwiza District, and a detailed outline of Chitungwiza District. Coordinates and a scale bar are provided.]
Figure 2 | 
Map of the study site, Chitungwiza District (17° 59′ 38″ S, 31° 2′ 53″ E) in Zimbabwe.




The soils in Chitungwiza District are predominantly classified as Ferrallitic Cambisols (coarse-grained sandy soils) according to the World Reference Base for Soil Resources (FAO, 1998). These soils are generally considered poor in fertility due to low organic matter and poor nutrient retention. However, some areas are also covered by the more fertile vertisols (black expansive 2:1 clays). The vertisols are mostly found in dambos where farmers grow vegetables for the urban markets of cities of Chitungwiza and Harare.


The district represents one of the most vulnerable of the urban population (ZimVAC, 2020) and has a high rate of poverty, with many of the people relying on urban agriculture to supplement their incomes and household food security (Chihambakwe et al., 2019).






2.2 Overall study approach


The study was carried out using an exploratory sequential design of mixed methods research where qualitative (focus group discussions and key informant interviews) were conducted and followed up with quantitative (household questionnaire survey) assessment (Cameron, 2009).





2.2.1 Focus group discussions and key informant interviews


Five focus group discussions (FGDs) were conducted with participants drawn from four wards in Chitungwiza. In Zimbabwe, a ward is the smallest planning and administrative unit headed by a councilor. Each focus group comprised a mixed group of 11 or 12 farmers, divided roughly equally by gender and a mix of age groups (from 21 years to 69 years). The groups were not disaggregated by gender or age, as no specific gender focus was expected. In addition, some authors also argue that mixing groups might provide a more balanced insight depending on the study focus (Nyumba et al., 2018). The participants were selected using purposive/convenience sampling with the help of extension workers. Notes were taken in local languages and later translated into English. The discussions (∼2 h each) centered on characterizing climate-smart crop production practices in Chitungwiza District and were guided by the following themes: cropping practices, soil fertility management, tillage practices, seed type selection, and soil water management (
Supplementary Appendix 1
). Focus group discussions allow for consensus building and triangulation of information and are effective at collecting qualitative data in smallholder farming communities (Gill et al., 2008). Key informant interviews involved interviews with four extension officers who were selected based on their knowledge and experience as extension service providers in the area. Key informant interviews were used to collect data on the climate-smart crop production practices employed by the households and communities, as well as local perceptions about the use of CSA practices by farmers (
Supplementary Appendix 1
).






2.2.2 Household questionnaire survey


A structured pre-coded household questionnaire (
Supplementary Appendix 2
) was used to collect information on CSA crop production practices and household food security. The survey instrument was pre-tested in the field using five households and adjusted accordingly where there were concerns, as Willis (2016) suggested.


Following pretesting, the sample size was selected from a list of households involved in agricultural activities in the four wards in the Agricultural Advisory Services (ARDAS) extension workers' records. ARDAS is the national extension department of the government of Zimbabwe responsible for offering advisory services and training of farmers in rural and urban areas. The Raosoft sample size calculator (Raosoft, 2010) was used to come up with a sample size of 107 households using a margin of error of 90%; a confidence interval of 95%, and a response distribution of 50% using the formula calculated from Equation 1:
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Where n’ is the sample size for a finite population and; n is the sample size for an unlimited population calculated from Equation 2;
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and; z is the z score for a 95% confidence interval; ϵ is the margin of error assumed at 10%; N is the population size of the farmers in the records of extension officers in the 4 wards (~5 000) and pˆ is the population proportion or response distribution assumed at 50%.


Simple random sampling was used to select the households from the list provided by the extension workers by selecting every.ith household on the list (Latpate et al., 2021). The period of data collection was in October and November 2022 to coincide with the lean period during which households often face difficulties in accessing food and feed resources.


The climate-smart crop production practices carried out by the farmers in the study were grouped into 5 main categories i.e., tillage practices, soil fertility management, type of seeds and crops, soil water conservation, and cropping systems (
Table 1
).



Table 1 | 
The categories of crop production climate-smart practices used by urban smallholder farmers in Chitungwiza District.





	Climate-smart practice

	Climate-smart crop production category






	No-till
	Tillage practice



	Reduced/Minimum tillage



	Combined use of synthetic and organic fertilizer
	Soil Fertility management



	Organic fertilizer use



	Quality-certified seeds (early maturing)
	Seed and crop type



	Use of adapted improved seed



	Growing of small grains



	Mulching
	Soil water management practice



	Planting basins



	Ridges



	Intercropping
	Cropping system



	Crop rotation



	Mixed cropping










Households were then grouped into climate-smart (CS) and non-climate-smart (non-CS) using a criterion where a household was considered climate-smart if carrying out any one climate-smart crop production practice in each of the climate-smart production categories shown in 
Table 1
 as expressed by the syntax below in 
Box 1
 according to methods by Mapfumo et al. (2022):


 Box 1 If {combined synthetic and organic fertilizer use OR organic fertilizer use = 1} and {crop rotation OR mixed cropping OR intercropping= 1} and {reduced/minimum tillage practices OR no tillage = 1} and {mulching OR planting basins OR ridges= 1} and {use of quality certified seeds (early maturity) OR use of adapted improved seed OR growing of small grains =1} then the crop production undertaken is considered climate-smart.




where: 1= undertaking of the practice, and 0 = not implemented by the household.






2.2.3 Estimating the contribution of climate-smart crop production on Household Dietary Diversity score


During the survey, the farmers were asked to record the foods they ate within 7 days of this period. Data were collected from those categorized as climate-smart farmers (n= 24) as well as those categorized as non- climate-smart farmers (n=83). The food was put into 3 categories: foods that were harvested or obtained from their fields ‘own production’ and those they purchased or given as gifts. A modified plant-based household food dietary diversity score (HDDS) was calculated according to methods by Kennedy et al. (2011) where crop/plant-based food was grouped into 5 core food categories i.e., A=cereals; B=roots and tubers; C= vegetables; D= fruits; E= legumes/pulses and each food group was assigned a score of 1 (if consumed) or 0 (if not consumed). The average HDDS for each household was computed by dividing the sum of the food groups by the number of days when the data was collected (7 days) see Equation 3:
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Where HDDS is diversity dietary diversity score for each household; the letters are scores from consuming different foods i.e., A=cereals; B=roots and tubers; C= vegetables; D= fruits; E= legumes/pulses and, i.e., 1 (if consumed) or 0 (if not consumed); and d is the number of days of collection of the data which was 7 is this case. The household dietary diversity score for each of the groups (CS and non-CS) was then calculated by adding the sum of all the HDDS scores in each group and dividing by the total number of households surveyed in that group as follows (Equation 4):
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Where Group HDDS is the diversity dietary diversity score for each group (CS and non-CS); HDDS is the diversity dietary diversity score for each household in each of the groups and n is the total number of households in that group.







2.3 Data analyses


Qualitative data generated through the in-depth key informant interviews and FGDs were analyzed using manual thematic analysis (Saldaña, 2021) and in the qdap package (Rinker, 2023) in R statistical software v 4.3.2 (R Core Team, 2011). A deductive approach was used to analyze content based on the following themes: cropping practices, soil fertility management practices, seed type, soil water management, and tillage practices, as these are the climate-smart crop production categories considered in the study.


Quantitative data was analyzed using R statistical software. Fisher’s exact test of association between household demographics and climate-smart production, and two sample t-tests to analyze differences in means between CS and non-CS groups for maize yield and household dietary diversity scores (HDDS). Assumptions for two-sample t-test i.e., normal distribution was tested using QQ plots; the presence of outliers was tested using Cook’s distance (Di) where points with a Di of greater than 1 were considered outliers and removed from the analysis (Stevens, 1984); and homogeneity of variance between the two groups was tested using Levene’s test (Glass, 1966).







3 Results





3.1 Diversity of crops produced in Chitungwiza District


Farmers in Chitungwiza District grew a variety of crops mainly from five (5) food groups namely cereals, roots and tubers, vegetables, fruits and legumes/pulses (
Figure 3
). The most grown food groups were cereals and vegetables with all the farmers growing the staple crop maize (Zea mays L). Over 50% of the farmers grew leafy vegetables such as mustard rape (Brassica juncea), common rape (Brassica napus), covo (Brassica oleracea), spinach (Spinacia oleracea) and other vegetables such as onions (Allium cepa) and tomato (Lycopersicon esculentum). These vegetables were commonly grown in wetlands near rivers or streams or in household vegetable gardens with irrigation using wastewater from the household or ground sources. Less than 30% of the farmers produced legumes and pulses as well as roots and tubers. The most produced fruit was mango (Mangifera indica) (46%) followed by guava (Psidium guajava) and avocado (Persea americana) (20% each, respectively).


[image: Bar chart showing the percentage of farmers producing various crops. Notably, maize and common rape have the highest production at 100 percent, while avocado, cassava, and finger millet have significantly lower percentages. The categories include fruits, vegetables, roots and tubers, legumes and pulses, and cereals, with various crops listed under each category.]
Figure 3 | 
Variety of crops grown and frequency of production by urban farmers in Chitungwiza district.








3.2 CSA production practices and farmers’ perceptions


Results showed that crop diversification i.e., mixed cropping/rotations/diversification was practiced by 53% of the farmers. Of those, 46% reported that crop diversification contributed to an increase in maize grain yield (
Figure 4a
; Quote 2), 45% noted improved household nutrition and diets (
Figure 4a
; Quote 1) and 1% did not perceive any benefit from the practice. Of the 52% of households that practiced no-till/minimum tillage, 82% perceived that it led to increased yields (
Figure 4b
; Quote 20 and 24). Most farmers (71%) practiced climate-smart soil fertility management practices in the form of combined application of mineral and organic fertilizers or organic inputs only and/or cereal-legume rotations. Of those, 84% noted that climate-smart soil fertility management practices led to an increase in crop yield, while 11% reported it improved nutrition and diets (
Figure 4c
; Quote 7). There was an array of soil water management practices employed by the farmers, for example planting basins (Pfumvudza/Intwasa basins), contour ridges and mulching. Most of the farmers (85%) cited an increase in crop yields due to less wilting and drying of crops (
Figure 4
; Quote, 16 and 18) as a result of soil water management practices. Other benefits of the CSA practices as alluded by farmers included less pests and diseases in fields where CSA is practiced (
Supplementary Table S1
, Quote 4) and having assured yield from short-season crop varieties bought from retail shops (
Supplementary Table S1
, Quote 11). In addition, other CSA practices included the use of improved seed varieties or use of locally adapted varieties by about 75% of the farmers and avoiding the use of pesticides and herbicides (only 16% used chemicals). The farmers have also adopted management practices such as staggered planting (24%), water harvesting (5%), irrigation (19%) and growing drought-tolerant plants (24%). However, farmers also cited several challenges in the adoption of CSA practices. For example, the farmers said they do not apply adequate rates of organic nutrient resources as they do not have the money to buy externally nor do they have animals to produce manure on-farm (
Supplementary Table S1
, Quotes 5,6, and 8); and that some of their land is bigger than the resources available (
Supplementary Table S1
 (Quote; 9). Some of the reasons cited for not using no till or minimum tillage methods include bigger land sizes compared to the labor available (
Supplementary Table S1
, Quote 22,23 and 24).


[image: Four bar charts labeled A to D show agricultural practices and benefits. A: Mixed cropping, 46% high yields, 48% improved nutrition, 1% none. B: No tillage, 82% high yields, 13% improved nutrition, 5% none. C: Soil fertility management, 84% high yields, 11% improved nutrition, 5% none. D: Water management, 85% high yields, 10% improved nutrition, 5% none. Quotes accompany each chart, highlighting individual experiences and benefits.]
Figure 4 | 
Selected climate-smart crop production practices (A-mixed cropping; B-no till or minimum tillage; C-soil fertility management and D-water management) and farmers’ perceptions following an interview of 107 farmers and Focus group discussions in Chitungwiza District. The quotes were drawn from mixed focus group discussions held in Ward 2 (Quotes 7 and 18), Ward 4 (Quotes 24, 2, 1 and 7), Ward 8 (Quotes 10 and 21) and Ward 6 (quotes 19 and 16) and Ward 16 (Quote 20) of Chitungwiza District.








3.3 Association of household demographics and climate-smart production practices


While most of the farmers adopted one or more CSA practices, only 23% (n= 24) practiced all the agricultural practices that are termed “climate-smart” and constituted climate-smart (CS) farmers as described by the classification in Box 1. Only age (41–60 years) was significantly associated with greater odds of practicing CSA (p=0.019); 
Table 2
.



Table 2 | 
Household demographics of respondents in the Chitungwiza District urban farming system.





	Variables

	CS (n=24)


	Non-CS (n=83)


	Logistic regression estimate (z value)




	Frequency
	Frequency
	





	Gender of household head
	Female (n=60)

	11
	49
	
ns




	Male (n=47)

	13
	34
	 



	Age of household head
	20-40 (n=22)

	8
	14
	 



	41-60 (n=41)

	7
	34
	
1.812 (2.344)*




	61-80 (n=48)
	9
	39
	 



	Education
	None (n=2)

	0
	2
	
ns




	Primary (n=26)

	5
	21
	 



	Secondary (n=66)

	15
	51
	 



	Diploma/Certificate (n=12)
	4
	8
	 



	Graduate/Postgraduate (n=1)

	0
	1
	 



	Employment status
	Not employed (n=89)
	20
	69
	
ns




	Informally employed (n=10)

	3
	7
	 



	Formally employed (n=1)

	1
	0
	 



	Both informally and formally employed (n=7)

	0
	7
	 



	Tenure
	Owned (n=46)

	9
	37
	ns



	Rented (n=17)
	4
	13
	 



	Temporarily allowed to farm for free (n=44)

	11
	33
	 







CS is climate-smart crop production and non-CS is non-climate-smart crop production.

* show the regression is significatnt at p<0.05.




However, the households practiced one or more CS production which was influenced by demographics and other socio-economic and socio-cultural factors. For example, education level significantly influenced the type of cropping systems (p=0.006). Most farmers with post-secondary education practiced mixed cropping (
Table 3
). Age significantly influenced the choice of seed type planted (p=0.03) with the older farmers of 61–80 years using a mixture of seeds i.e. retained, local landraces and certified seeds, while the younger farmers used certified hybrid seeds (
Table 3
). Employment status influenced the water management (p=0.04) and tillage (p=0.04) practices where farmers who were not employed largely practiced no-till or reduced tillage methods compared to employed farmers who mainly practiced conventional tillage (
Table 3
). Land tenure (ownership) and gender did not significantly influence any of the CSA production practices.



Table 3 | 
Association between household demographics and crop production practices.





	Demographics

	Crop production practices






	Education level

	Cropping system




	 
	
Mixed cropping

	
monocropping

	 
	 
	 



	none
	0
	2
	 
	 
	 



	primary
	16
	10
	 
	 
	 



	secondary
	31
	35
	 
	 
	 



	diploma
	10
	2
	 
	 
	 



	Graduate
	0
	1
	 
	 
	 



	 
	
p-value (Fisher’s exact test): 0.006 **

	 



	Age

	Type of seed




	 
	
certified

	
local

	
mixture

	
retained

	 



	20-40
	15
	0
	4
	3
	 



	41-60
	28
	1
	4
	8
	 



	61-80
	23
	1
	17
	3
	 



	 
	
p-value (Fisher’s exact test): 0.03*

	 



	Employment status

	Tillage method




	 
	Conventional
	No-till/minimum
	 
	 



	Both
	0
	1
	 
	 
	 



	Formally
	6
	1
	 
	 
	 



	Informally
	7
	3
	 
	 
	 



	Not employed
	39
	53
	 
	 
	 



	 
	
p-value (Fisher’s exact test): 0.04 *

	 



	Employment status

	Water management




	 
	
Contours

	
mulching

	
None/wetlands

	
basins

	
ridges




	Both
	0
	0
	0
	1
	0



	Formally
	3
	1
	0
	1
	2



	Informally
	2
	1
	3
	4
	0



	Not employed
	7
	6
	9
	48
	19



	 
	
p-value (Fisher’s exact test): 0.04*

	 







Figures are frequency associated with the practice (n=107) and the * shows significance at p<0.05 and ** p<0.01.








3.4 Diversity of crops produced and contribution of climate-smart crop production to household food and nutrition security


Since maize is the staple and most grown crop in Zimbabwe, we looked at the yield over two growing seasons (
Figure 5
). Maize yield was on average low (average < 2.5 t/ha) for all farmers. In addition, there was no significant difference in maize yield between the CS and non-CS farmers in the 2019/2020 season (1.78 t/ha vs 2.10 t/ha) and the 2020/2021 season (2.10t/ha vs 2.27 t/ha), respectively. Over 80% of the farmers (n=86) reported that the maize produced was enough for family consumption for a period of 7 to +/-12 months.


[image: Violin plots with box plots for maize yield in tons per hectare over two seasons, 2019-2020 and 2020-2021. Each season compares two farmer groups: CS and NonCS. NonCS consistently shows higher yields.]
Figure 5 | 
Maize yield produced by climate-smart farmers (CS) and non-climate smart farmers (non-CS) over two seasons  (a; 2019-2020 and b; 2020-2021) in Chitungwiza district, Zimbabwe.




More than 50% of the cereal, vegetables, and legumes consumed in CS households came from own production (
Figure 6a
), while for non-CS farmers most of the legumes consumed were purchased externally (
Figure 6b
). For CS farmers, there was an equal percentage of roots and tubers consumed from own production and that which was purchased, while non-CS farmers consumed more roots and tubers purchased externally than produced on- farm. For both CS and non-CS farmers, more than 50% of the fruit consumed was bought from retail shops.


[image: Bar charts comparing the proportion of CS farmers and NonCS farmers obtaining food groups through own production, purchases, and gifts. CS farmers primarily produce cereals, vegetables, and legumes, while NonCS farmers also focus on purchases, especially in fruits and roots. Gifts are minimal across all groups.]
Figure 6 | 
Plant based food groups consumed by (a) climate-smart (CS) farmers and (b) non climate-smart (NonCS) farmers in Chitungwiza District, Zimbabwe.




The accumulated HDDS of CS farmers calculated for a seven-day period was higher than that of non-CS farmers (3.3 vs 2.9; p-value<0.02) (
Table 4
).



Table 4 | 
Household Dietary Diversity Score based on 7 food groups produced on farm for urban farming households in Chitungwiza District, Zimbabwe.





	Production practices

	n

	Household dietary diversity score (HDDS)

	Variance




	Mean

	Minimum

	Maximum






	Climate-smart (CS)
	24
	3.3
	2.2
	4.7
	0.55



	Non climate-smart (NonCS)
	83
	2.9
	1.2
	4.7
	0.82







Mean significant value (t-test) p =0.02.

Pooled variance 0.76.









4 Discussion





4.1 Climate-smart crop production practices by urban farmers in Chitungwiza District


Climate-smart crop production relates to the integration of cropping systems and management systems such as improved use of inputs like seeds, chemicals, and water. Our study shows that farmers practiced one or more climate-smart strategies. Crop diversification has well-documented benefits to the soil and can positively influence climate change adaptation (i.e., reducing the risk of crop failure) and mitigation i.e., returning carbon to the soil (Islam et al., 2018; Giller and Cadisch, 1995). However, for the farmers practicing mixed cropping or crop rotations, their motivation is not always climate-related as noted in this study and others, but the need to diversify their food systems, increase yield, and control pests and diseases (Omokaro et al., 2023; Rusinamhodzi et al., 2012). Some farmers, however, still resort to monocropping which is a practice of planting a single crop (maize- in most cases in Zimbabwe) on the same piece of land for years. This has been shown to negatively affect soil health as it leads to acute nutrient mining leading to more chemical fertilizer use as well as increased loss of soil carbon (Belete and Yadete, 2023). Despite the negative impacts of monocropping, farmers still practiced it as it is ingrained in their norms, and research shows that farmers do not easily deviate from cultural norms of crop production (Nyamasoka-Magonziwa et al., 2021). Farmers with post-secondary education mostly practiced crop diversification as they are better equipped with the knowledge of the advantages of these practices. Evidence from other studies has shown a positive association between the level of education and the adoption of climate-smart crop production systems (Saha et al., 2019; Li et al., 2024).


Reduced or no-till is being promoted in farming systems worldwide as it is purported to reduce greenhouse gas emissions from the soil by maintaining soil carbon (Ogle et al., 2019). In Chitungwiza, no till in being promoted through the Pfumvuza/Intwasa program, a conservation agriculture-based initiative of the government of Zimbabwe (Mujere, 2021; Tanyanyiwa et al., 2022). This practice has been passively adopted in the communities following the extension programs. Some studies have further shown that no-till can lead to an increase in crop yields compared to conventional tillage systems (Mujere, 2021), which agrees with the view of the farmers who practice this strategy in this study. Despite farmers observing an increase in yield as a benefit of adopting not till, some studies have shown that no-till leads to yield reductions or matches the yields obtained from conventional tillage (Pittelkow et al., 2015) or leads to modest yield increases under certain conditions (rainfed or mulching). Furthermore, our results showed that the adoption of reduced till, or minimum tillage, was associated with unemployment. This concurs with a study carried out by Tadjiev et al. (2023) who noted that unemployed farmers tended to favor no tillage or minimum tillage as it reduced total production costs by 15% compared to conventional tillage.


The use of organic inputs is another strategy that is considered climate-smart due to the return of carbon to the soil and reduced use of mineral fertilizers. Most farmers also noted that this practice led to an increase in crop yields compared to the application of synthetic fertilizers. This concurs with a meta-analysis done by Wei et al. (2020) where they noted a 4.22% increase in maize yield when substituting mineral nitrogen with organic nutrients at the same nitrogen rate. However, organic nutrient sources available to the farmers are too low to satisfy the recommended nutrient application rates, resulting in poor crop yield response. The farmers affirmed this by citing a lack of livestock ownership and resources to buy manure from external sources. Therefore, it is important to give the context under which the use of organic resources leads to more yields compared to mineral fertilizers. In addition, further investigations must be done on other benefits apart from yield such as improvement of taste and quality of vegetables and fruits produced under organic inputs (Rahman et al., 2021) which can lead to adoption on that basis. A small number of farmers from this study (5%), however, believed that mineral fertilizers increased crop productivity better than organic nutrient resources. Management of inputs such as seed, chemicals, and water are critical for climate change adaptation and mitigation. Most farmers using certified seeds (improved varieties) were considered climate-smart. However, older farmers (61–80 years) used a mixture of seeds that are certified as well as local and retained seeds. It is noted that very few farmers use pesticides and herbicides which can contribute to greenhouse gas emissions.


Climate-smart crop production is used to describe a range of strategies for adapting and mitigating climate change while improving food security (Chandra et al., 2018; van Wijk et al., 2020). However, despite most of the farmers practicing at least one strategy, only a quarter were classified as climate-smart according to the index developed in this study. This index is such that the farmer should practice at least one of the practices for the improvement of soil health, crop productivity, use of improved seeds, reduced or minimum tillage, and water management to realize the benefits of climate-smart crop production. Selective adoption of some mitigation and adaptation measures may result in some farmers not realizing all the climate-smart agriculture benefits. However, it might not be possible for farmers to adopt many strategies and so there should be ways to maximize each strategy even as it is adopted on its own.






4.2 A variety of crops are produced in Chitungwiza, and climate-smart production contributes positively to Household Dietary diversity


Farmers in Chitungwiza grow a variety of crops, as in most urban areas, showing that urban food production can significantly contribute to food security in smallholder production systems (Steenkamp et al., 2021). However, our findings show that while a variety of crops are grown, farmers mainly grow maize, which is the staple crop, as well as leafy vegetables. This is because the diet of the local people in Chitungwiza consists mainly of sadza (from maize meal) and vegetables. The implication of this is the lack of nutritive security as this diet lacks adequate protein from sources such as beans and nuts which are grown by a small proportion of farmers, or vitamins and minerals from sources such as fruits. Fruits provide minerals such as zinc from avocados, calcium from oranges and guavas, and magnesium in bananas, and peaches which may help in the prevention of osteoporosis and rickets caused by calcium deficiency and anemia caused by iron deficiency (Kirby and Danner, 2009). This concurs with Davies et al., 2021 following a study in Zambia and Kenya which showed that there was a lack of a strong relationship between urban food production and urban food security.


The modified HDDS for CS farmers was significantly higher than that of non-CS farmers. This is consistent with a study in Mozambique where conservation agriculture significantly increased the Food Consumption Score for farmers exposed to the technology (Mango et al., 2017). This shows that climate-smart practices ensure a diversity of food consumed. Climate-smart crop production can therefore help alleviate the prevalence of hidden hunger in communities. Hidden hunger is defined as the prevalence of multiple micronutrient deficiencies especially zinc, iron calcium, and vitamin A which occurs due to consumption of energy-rich diets (Lowe, 2021).


Most farmers have enough maize for household consumption to last them most parts of the year even though the yields are low (< 2 t ha-1). However, very few produce extra for sale to get income for other urban livelihood expenses such as payment of rent, utilities, fees, and transport considering most of the farmers are not formally employed. Moreover, cereal production is not diversified as very few farmers produce traditional cereal crops (e.g. finger millet and sorghum) meaning that there is a risk of food insecurity in years where the rainfall patterns do not support good maize growth or if pests and diseases become rampant. For example, the outbreak of the fall armyworm in Zimbabwe resulted in low maize yields, including urban areas (Nyamutukwa et al., 2022; Tambo et al., 2020). Studies show that climate change will cause a 3°C increase in annual temperature and up to 18% reduction of rainfall by the end of this century in Zimbabwe (Brazier, 2015) meaning the drive toward adoption of traditional cereal crops for climate change adaptation is very urgent. Traditional cereal crops are known to be drought tolerant due to their physiological makeup and are more resistant to pests and diseases compared to maize crops (Phiri et al., 2019). Moreover, these crops have been shown to contain several minerals such as potassium, zinc, iron, calcium, and copper that can improve the nutritional quality of household diets (Paiva et al., 2017).







5 Conclusion and recommendations


Several insights can be derived from the empirical findings of this study. Firstly, there is evidence of urban agriculture as being a source of livelihood for the people in urban areas. This shows the need to ensure that urban agriculture practices are sustainable and production is beyond just subsistence. However, the low level of adoption of sustainable agricultural practices displayed by the farmers in Chitungwiza might be due to insecure tenure arrangements among the farmers with 57% not having permanent tenure and so farmers will have limited initiative to capitalize on more sustainable practices such as the CSA.


We conclude that urban farmers should diversify and adopt climate-smart practices such as mixed cropping, intercropping, and crop rotation for better food and nutrition security.
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Variables CS (n=24) Non-CS (n=83) Logistic regression
estimate (z value)

Frequency Frequency

Gender of household head Female (n=60)
Male (n=47)
Age of household head 20-40 (n=22)
41-60 (n=41) 1.812 (2.344)*
61-80 (n=48)
Education None (n=2)
Primary (n=26)
Secondary (n=66)
Diploma/Certificate (n=12)
Graduate/Postgraduate (n=1)
Employment status Not employed (n=89)
Informally employed (n=10)
Formally employed (n=1)
Both informally and formally employed (n=7)

Owned (n=46)

Rented (n=17)

Temporarily allowed to farm for free (n=44)

S is climate-smart crop production and non-CS is non-climate-smart crop production.
" show the regression is significatnt at p<0.05.
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Production practices n Household dietary diversity score (HDDS) Variance

Mean Minimum Maximum
Climate-smart (CS) 24 33 22 4.7 0.55
Non climate-smart (NonCS) 83 29 2 4.7 0.82

[Mean significant value (t-test) p =0.02.
Pooled variance 0.76.
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Cropping system

Crop production practices

none
primary
secondary
diploma

Graduate

Age

Employment status

Mixed cropping monocropping
0 2

16 10

31 35

10 2

0 1
p-value (Fisher’s exact test): 0.006 **
Type of seed

certified

15 ‘ 0

28 1

23 1

p-value (Fisher's exact test): 0.03*

Tillage method

mixture retained
4 3

4 8

Both
Formally
Informally

Not employed
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Both
Formally
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Not employed

Conventional
0 1

6 1

7 3

39 53
p-value (Fisher’s exact test): 0.04 *
Water management
Contours

mulching

0 0

3 1

2 1
7 6

p-value (Fisher’s exact test): 0.04*

No-till/minimum

None/wetlands

[Figures are frequency associated with the practice (n=107) and the * shows significance at p<0.05 and **
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