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Abstract

Climate change has brought issues of total crop failure in dry regions in Zimbabwe as evidenced by total crop failure in
2010, 2015 and 2017 in some parts of Chivi which is one of the driest area in Zimbabwe. The paper highlights the use of
small grains for food security and climate compliant in dry regions of Zimbabwe. This brings in an idea of growing small
grain by farmers as means of improving food production in dry areas such as Chivi, Mwenezi and Chiredzi districts.
Cereal production growth in Sub-Saharan Africa is expected to decline by a net 3.2 percent in 2050 as a result of climate
change. To mitigate this risk, there is need to improve productivity of small grains as climate compliant crops which can
ameliorate poverty in Zimbabwe. Small grains are drought tolerant and perform better in dry regions than any other
cereal crops. Sorghum and millet have the potential to contribute to food security to the world’s poorest agro-ecological
regions.

Keywords: Climate change; Food security; Small grain; Climate compliant; Productivity.

1. Introduction

Inadequate and poor rainfall distribution in most dry regions in sub-Saharan Africa has contributed to low and
poor crop production leading to food insecurity. Low crop productivity in most of these regions has been attributed
to low rainfall, moisture stress, infertile soils and increased land degradation [1, 2]. Most farmers in dry regions
experience drought and long dry spell which contributed to food insecurity [3]. The situation has been worsened by
climate change in these dry regions affecting most of the countries in southern Africa particularly Zimbabwe.
Climate change is predicted to make Zimbabwe drier and have higher temperatures [4, 5]. Food production will
seriously be affected despite technological advancement in plant breeding, fertiliser and irrigation systems [5]. The
poor and vulnerable will be the most susceptible to changes in climate especially those who rely on rain fed
agriculture for their livelihoods [6, 7]. The issue of climate change brought in issues of total crop failure in dry
regions in Zimbabwe as evidenced by total crop failure in 2010, 2015 and 2017 in some parts of Chivi which is one
of the driest area in Zimbabwe. This brings in an idea of growing small grain by farmers as means of improving food
production in dry areas such as Chivi, Mwenezi and Chiredzi districts.

Cereal production growth in Sub-Saharan Africa is expected to decline by a net 3.2 percent in 2050 as a result of
climate change. Under climate change scenarios, climate change act as a stressor on the tightening price increases.
Maize, rice and wheat prices are projected to be 4, 7 and 15 percent higher [8]. Prices of crops such as sweet
potatoes, and yams by 26 percent, cassava by 20 percent, millet by 5 percent and sorghum by 4 percent [9]. Mugiya
and Hofisi [10] highlighted that recurrent climate changes will results in shifts of agro-ecological regions and high
temperatures are expected to shorten the growing season by 2 to 35 days. Climate change will result in Zimbabwe
being declared a non-maize producing zone a situation which will promote food insecurity [10]. This makes
adaptation a necessity by bringing in small grains (sorghum, millet and rapoko) in order to enhance food security
against the change in climate [11-14].

Several studies have indicated a change in production trends of the small grain for the past 14 years [13, 15-17].
There is need to increase productivity of small grains in Zimbabwe in order to ensure nutrition and food security as
they are well adapted to changing climate [17-19]. The use of small grains such as sorghum and millet as means of
improving food security in dry regions has been an issue for the past decades but most farmers were resisting the
idea. Small grains are drought tolerant and perform better in dry regions than any other cereal crops. According to
FAO and ICRISAT [20] in Masara [21] sorghum and millet have the potential to contribute to food security to the
world’s poorest agro-ecological regions. To mitigate this risk, there is need to improve productivity of small grains
as climate compliant crops which can ameliorate poverty in Zimbabwe.
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2. Impact of Climate Change on Food Security in Zimbabwe

Food security occurs when all people at all times have access to sufficient nutritious food which meet their
dietary requirements for them to be active and have a healthy life [22]. Climate change in Africa is expected to
reduce crop yields and successively increase the price of food that will force people to alter consumption and
production patterns [23]. Sub-Saharan Africa was expected that it will expertise higher probabilities in terms of
vulnerability to food security [22, 24]. Studies by Schmiduber and Tubiello (2007) cited by Masipa [22]
distinguished that an estimate of between 5 and 170 million people are going to be in danger of hunger by year
2080cited by Masipa [22] pointed out that an estimate of between 5 and 170 million people will be at risk of hunger
by year 2080. It is very clear that climate change presents a high risk on food security. Svodziwa [25], postulated
that temperature change has exaggerated semi-arid areas in Republic of Zimbabwe thereby reducing maize
production areas.

Production of staple food has been declining since early 90s in Zimbabwe bringing in food insecurity problems
[26, 27]. Household food security in Zimbabwe has been declining due to drastic reduction in agricultural production
and erratic rains [27, 28]. Food security in Zimbabwe continues to decline in the face of drought, acute foreign
currency and hyperinflation [28, 29].

2.1. Why Small Grains in Zimbabwe as Climate Compliant Crops?

Alumira and Rusike [30] highlighted that small grains can reduce zero probability of yields thereby ensuring
food security. Barrett and Maxwell [31] highlighted that small grains are better performers than most cereals under
harsh environmental conditions viewed unsuitable for maize. Small grains are generally the most drought tolerant
cereal grain crops requiring little input during growth and with decreasing water supplies as noted by Bang and
Sitango [32]. Dube [33] pointed out that a meal cooked from the small grains is able to satisfy hunger for a longer
period and gives more energy. The country is vulnerable to climate variation as a result of the maize crop’s
sensitivities to climate change as it takes approximately 80-90% of area under production [34, 35].

2.2. Finger Millet (Eleusine Coracana Gaertn)

Finger millet is highly nutritive, climate resilient crop which can is hardy and shows quick rejuvenating capacity
to abiotic and biotic stresses [36]. Finger millet contain high levels of amino acids absent in most staple cereal crops
resulting in it being highly nutritious. It has got high levels of iron and micronutrients which are an essential
component of diet for pregnant women and children. Polyphenols and the dietary fibers have several health benefits.
Regular consumption of finger millet regulate glucose homeostasis and prevention of dyslipidaemia [37]. This small
grain is naturally resistant to insect pests and has got longer storage life [21].

2.3. Sorghum (Sorghum Bicolor L.)

Sorghum is ranked fifth important cereal crop in the world [38, 39]. Sorghum is a drought tolerant and is
resistant to waterlogging and grows in various soil conditions [40-42]. In Africa sorghum is the second important
cereal crop after maize especially for semi-arid and arid regions where it is used as one of the staple food [13, 39,
43]. Sorghum production has been very low but widely adopted by smallholder farmers in arid and semi-arid regions
[39]. Adoption of sorghum by most people in arid and semi-arid regions as one of their staple cereal crop has
brought hope to improving food security in these regions. It is adopted by farmers in these regions because it thrive
well in drought, low fertility and high temperature regions and low input requirements [44]. Sorghum production
was very low with most farmers harvesting 520 kg/ha on average [43] which is very low to sustain a family for a
year. This makes a lot of farmers to shift from sorghum production and concentrated on maize production but still
the production was very low due to climate change and poor soil fertility. Increasing hacterage of sorghum by
farmers has been witnessed as a good idea of improving its production for family consumption. Farmers also adopted
sorghum for many reasons including beer brewing and feeding livestock. It can be processed using technologies of
dry and wet milling applied to maize due its hard and floury endosperm and large fat rich gem [13]. Sorghum is
inherently gluten free which is a good attribute for people with celiac disease (Ciacci et al., 2007) as cited by Omoro
[45].

2.4. Pearl Millet (Pennisetum Glaucum L.)

Pearl millet is ranked as a 6™ crop after wheat, rice, maize, sorghum and barley grown on area of 31 million ha
[46]. The crop is culturally appropriate, ecologically suitable, nutritionally efficacious and economically viable as
highlighted by Ndiku, et al. [47]. It is considered as main component of food security of rural people in hot and dry
areas in the world including Zimbabwe [48]. Khairwal, et al. [49] mentioned that pearl millet is a main source of
energy, protein, vitamins/amino acids (except lysine and threonine) and mineral for poorest people of hot and dry
areas. Studies indicated that pear millet is a rich source of phytochemicals and micronutrients [50, 51]. It contains
about 92.5% dry matter, 2.15 ash, 2.8 crude fiber, 7.8% crude fat, 13.6% crude protein and 63.2% starch. Pearl millet
is one of the most important cereal crop in Zimbabwe although its production is low in high rainfall areas and mainly
grown in drier areas of the country as means of improving food security.
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2.5. Improving Small Grain Production to Meet Food Demand in Arid and Semi-Arid
Regions

Low crop productivity in dry regions has been associated with moisture stress, low incomes, land constraints
and climate change in Zimbabwe [52, 53]. This has been a great problem for rainfed agriculture in Zimbabwe since
most farmers are poor resource and their soils have low weatherable minerals [54] causing the soils to be inherently
infertile. Land degradation has also increased due to heavy downpours and poor soil cover which exposes soil to soil
erosion and loss of nutrients. There is need for soil and water conservation [55] as means of improving small grain
production in dry region to meet food security demands, improved nutrition and zero hunger. The use of soil and
water conservation can be a useful option to boost food small grain production in low rainfall areas. Since these
areas have frequent droughts and low midseason dry spell, the use of rainwater harvesting [56, 57] and integrated
nutrient management [39, 58] can be an option to increase soil fertility, reduce moisture stress and improve sorghum
and millet production.

Rainwater harvesting has been seen as best way of harvesting water for future use by crops, reduce surface
runoff, increase moisture in the plant root zone and reducing moisture stress to crops during the dry spell [55, 57]. A
variety of rainwater harvesting such as insitu rainwater harvesting and field edge rainwater harvesting can be used.
Insitu rainwater harvesting like tied ridging, potholing, zai pitting and circular bunds have been reported to reduce
surface runoff in arable lands and increase moisture availability in plant root zone [56]. According to Kimaru [39]
rainwater harvesting alone cannot improve crop yields but there is need to combine with integrated nutrient
management options. Since smallholder farmers are resource poor [54], that is, they are not able to buy large
quantities of mineral fertiliser, there is need to combine use of mineral fertiliser with cattle manure and farm yard
manure which is readily available in smallholder farmers in dry regions. According to Mwadalu [59] the use of farm
yard manure with inorganic fertiliser improved soil physio biochemical properties and improved sorghum yields.
Mohsin, et al. [60] reported that the integrated use of farmyard manure and reduced rates of mineral fertiliser is the
best sustainable option which improves soil health and crop production. Mwangi, et al. [61] reported an increase in
maize yields after the use of farm yard manure as soil amendment and this can be applicable to sorghum production
in Zimbabwe if implemented appropriately as means of improving small grain production with particular attention to
sorghum and millet.

Table-1. Effects of integrated nutrient management and rainwater harvesting from selected countries

Integrated nutrient | Rainwater | Grain yield (t/ha) Country Journal Reference
management harvesting | Sorghum | Pearl and rainfall
options techniques millet (mm)
Inorganic fertiliser + | N/A 3.55 Nigeria; African journal of Amujoyegbe, et al.
poultry manure 795.6 biotechnology [62]
45kg N + 2 t cattle N/A 4.04 Nigeria; ----- GSC Biological and Shuaibu, et al. [63]
manure - Pharmaceutical
Sciences
100kg/ha NPK + 2.5 | Strip 0.905 Niger; 621 Kwame Nkrumah Gonda [64]
t cattle manure cropping University of Science
and Technology
200kg/ha NPK + 2.5 | Strip 1.395 Niger; 621 Kwame Nkrumah Gonda [64]
t cattle manure cropping University of Science
and Technology
100kg/ha NPK +5t | Strip 1.347 Niger; 621 Kwame Nkrumah Gonda [64]
cattle manure cropping University of Science
and Technology
200kg/ha NPK + 2.5 | Strip 0.918 Niger; 621 Kwame Nkrumah Gonda [64]
t cattle manure cropping University of Science
and Technology
41 kg/ha N + Tied 1.37 Mali; 560 Kwame Nkrumah Coulibaly [65]
46kg/ha P,Os + 2.5t | ridging University of Science
cattle manure and Technology
41 kg/ha N + Tied 1.716 Mali; 742 Kwame Nkrumah Coulibaly [65]
46kg/ha P,Os + 2.5t | ridging University of Science
cattle manure and Technology
5t Cattle manure + Planting 3.98 Zimbabwe; Global Scientific Kugedera, et al. [43]
30 kg/ha N pits 420 Journal
5t Cattle manure + Tied 3.94 Zimbabwve; Global Scientific Kugedera, et al. [43]
30 kg/ha N ridging 420 Journal
100kg/ha NPK + 2.5 | Strip 0.866 Niger; 374 Kwame Nkrumah Gonda [64]
t cattle manure cropping University of Science
and Technology
200kg/ha NPK + 2.5 | Strip 0.647 Niger; 374 Kwame Nkrumah Gonda [64]
t cattle manure cropping University of Science
and Technology
100kg/ha NPK + 5t | Strip 0.716 Niger; 374 Kwame Nkrumah Gonda [64]
cattle manure cropping University of Science
and Technology
200kg/ha NPK + 2.5 | Strip 0.665 Niger; 374 Kwame Nkrumah Gonda [64]
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t cattle manure cropping University of Science
and Technology

5t Cattle manure + Zai pits 1.9 Kenya; 250 Kenyatta University Kimaru [39]

30 kg/ha N

5t Tithonia + 30 Zai pits 2.5 Kenya; 250 Kenyatta University Kimaru [39]

kg/ha N

5t Cattle manure + Zai pits 11 Niger Ecology and Fatondji [66]
Development series

Crop rotation+ cattle | Tied ridges | 1.8 Mali African Journal of Kouyaté, et al. [67]

manure Agricultural Research

5t Cattle manure + N/A 0.607 Zimbabwe, International Journal Kugedera and

biomass transfer 350 of Agriculture and Kokerai [68]
Agribusiness

5t cattle manure + N/A 0.62 Zimbabwe, International Journal Kugedera and

100kgN/ha 350 of Agriculture and Kokerai [68]
Agribusiness

2.6. Future Prospects

There is need to implement integrated nutrient management and rainwater harvesting techniques as means of
improving small grain productivity in dry regions of Zimbabwe. Results in Table 1 show various integrated nutrient
management and rainwater harvesting techniques which can be adopted by smallholder farmers as means of
improving small grains and food security. There is need to carry out a lot of demonstrations and farmer training on
integrated nutrient management and rainwater harvesting to increase their adoption. Farmers need to be taught on
how to use the readily available sources of nutrients such as cattle manure, goat manure and farmyard manure and
integrated with low quantities of inorganic fertilisers especially Nitrogen fertilisers. Farmers need to be taught these
rainwater harvesting as means of soil and water conservations so that their adoption can be increased and there is
need for government to intervene through Ministry of Agriculture so that the programme can be quickly recognised
by farmers. More researches also need to be done in different regions.

3. Conclusion

The country is vulnerable to climate variation as a result of the maize crop’s sensitivities to climate change.
Climate change will result in Zimbabwe being declared a hon-maize producing zone a situation which will promote
food insecurity. Small grains are generally the most drought tolerant cereal grain crops requiring little input during
growth and perform better in dry regions with decreasing water supplies. The use of integrated nutrient management
and rainwater harvesting has been seen to increase small grain production in various countries and this can also be a
way of reducing poverty and food insecurity in dry regions of Zimbabwe.

Recommendations

Integration of various nutrient management options and rainwater harvesting such as in situ rainwater
harvesting and field edge rainwater harvesting can be used to increase small grains crop yields in semi-arid areas.
The use of soil and water conservation can be a useful plant to boost food small grain production in low rainfall
areas. There is need to increase productivity of small grains in Zimbabwe in order to ensure nutrition and food
security as they are well adapted to changing climate.
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