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Abstract:

Climate change is greatly affecting precipitation resulting to the recent startling trends of variation in amount, period and
distribution. This causes incidences of high rainfall intensity within a short time leading to flash floods and soil erosion. The
high temperatures that often follow, cause decreased soil moisture. This severely affects weather dependent agriculture in
Kenya. Heavy reliance on rain-fed agriculture, elevates vulnerability, especially with unpredictable cessation of rain during
the growing season causing significant loses to smallholder famers. This hindrance to optimum productivity is being
addressed by uptake of hardy crops. Sorghum and millet are super cereals which have high potential to buffer the losses
experienced in the more vulnerable but highly popular maize farming. Sorghum and Millet are small grained cereals that
exhibit tolerance to water stress, display the water efficient C4 photosynthetic pathway, superior in utilizing water during
flash flood phenomena and are highly adaptive in high temperatures. They have good growth in resource deficient
environments and soils whose nutrient capacity is prone to depletion. This makes them highly valuable in coping with climate
vagaries. In addition, they are highly nutritious grains, which are gluten free, an excellent characteristic against celiac
diseases. This review illustrates sorghum and millet as feasible alternatives against climate change effects. This is through
outlining the lags in varietal improvement of these cereals and addressing value addition components which are crucial for
sustainability
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1. Introduction

Climate change outcomes are now causing huge predicaments and are expected to get worse in future. Evidence shows that climate
variability is altering precipitation patterns worldwide, affecting food production thus aggravating food and nutritional insecurity in
Kenya. This challenge needs to be addressed to pave way for improved food production and sustained economic growth (Worldbank,
2013; Phiiri et al., 2016)).

In Kenya agricultural practices are majorly rain fed with less than 10 % of farms under irrigation. Of the wide variety of crops in
production, cereals take the bigger share of land, particularly maize, sorghum, wheat, barley and rice. These comprise the largest
segment of the highly consumed food (EPZ, 2005). These cereals are mostly produced in open fields and are entirely dependent on
rain water. The fewer commercial farms, used for large scale production of maize, wheat and rice have capacity to tackle climate
change issues. This is through adoption of expensive technologies such as irrigation systems and improved crop varieties. However,
the majority small scale farmers are not able to adequately address climate change challenges due to the cost implications involved.
The decreased productivity of maize and wheat under smallholdings is distressing, with these farmers opting to diversify their farms
with hardy crops, in particular sorghum and millet, (Angwenyi, 2013; Ongoma et al., 2015; Wakachala et al., 2015). Feasible
measures need to be put in place to ensure food security is attained.
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The poor climatic conditions have destabilized cereal production in Kenya with future productivity becoming unpredictable,
(Omwonga, 2010; Angwenyi, 2013). Since 1961 to 2012, Cereal production in Kenya in terms of tons per ha, indicates inconsistency

which does not match the steady mechanization, improvement of production systems and enhanced inputs of fertilizers pesticides and
herbicides that has occurred widely (Fig. 1).
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Figure 1: Cereal production in Kenya from 1961 to 2012. Source: FAO

The expected benefits of better productivity through advancing technologies in Kenyan agriculture are being neutralized by poor
precipitation and other climate change effects. Many variations that were initially unexpected are now occurring. The rain patterns are
changing with some initially high potential lands becoming hotter and drier, (Chonge, et al., 2015). Other regions are receiving heavy
rainfall within very short period of time, as opposed to well spread rain throughout the crop growth period. On the other hand,
Sorghum and millet production is increasing in the world; this is due to increased realization of the benefits of hardy crops and
increased crop cultivation in the dry lands. Increased productivity of millet in Africa has been observed, the trend being attributed to

introduction of new varieties (ICRISAT) (Fig. 2). Intensification of Sorghum and Millet farming in Kenya has also been observed
(Angwenyi, 2013; Dera et al., 2014)
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Figure 2: Trend in Pearl millet production in West and Central Africa
Source: ICRISAT http://exploreit.icrisat.org/page/pearl_millet/680/274

Over a period of five years, area under millet production in kenya increased drastically that is from 2008 to 2013. An indicator of
increased cultivation of this crop (fig. 3)
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Figure 3: Millet production area in kenya :Source: Faostat

This led to a high improvemnet in kenya’s millet yield, as seen in produced tonnes, (fig. 4)
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Figure 4: Millet production (Tonnes) in Kenya. Source: Faostat

Within the same period, an increase in area under sorghum production in was been observed form 2008 to 2011, (fig. 5), this similarily
resulted in a drastic increase in sorghum production (fig.6).
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Figure 5: Sorghum in kenya . Source: Faostat
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Figure 6: Sorghum production in Kenya . Source: Faostat

The fact that Kenya had experienced post- election violence in 2007-2008 electioneering period, is higly blamed to low area
undercultivation and prodution of many crops., This seems to blur the advances in both sorghum and millet production,which
surpassed highly the earlier normal production trends before the unrest.

Sorghum and millet have many uses. They are primary raw materials for alcoholic and non-alcoholic beverages. They are consumed
as part of diet majorly in Africa and Asia. Sorghum grains and straw are used for ethanol production, (Pereira et al., 2011). Finger
millet is a source of pro-vitamin A, having large quantities of Micronutrients including, Calcium, Copper and Manganese. Apart from
industrial use and nutritional superiority, these crops are miles ahead in addressing water deficit, high temperatures and salinity issues
that are highly affected by precipitation. They already possess unique genes that can foster these good characteristics. This makes
them better at enabling cheaper biotechnological enhancement in comparison to plants showing no tolerance to drought and varying
temperatures (Singh, 1984; Ezenekwe et al, 2013).

1.1. Rainfall and Agricultural Productivity

Weather is a significant climatic aspect, playing a vital role in agricultural production (Ongoma et al., 2015), by the determining
rainfall, wind, relative humidity, sunlight intensity which directly affects crops. Rainfall is a primary source of water for agricultural
sectors in the developing world. It is important for crop production influencing soil moisture important for seed germination, plant
growth, plant nutrient absorption, decomposition of organic matter and maintaining activity of soil micro-organisms (Maruthi Sankar
et al.,, 2012). Water is also necessary for plants physiological processes. Increasingly, water for agriculture is becoming a scarce
commodity, (Pereira, 2005). The continued experiences of varying rainfall distribution and rainfall periods, has disrupted the normal
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crop production especially during water shortage in farms at critical crop development stages. Irregular rainfall in late vegetative crop
growth stage has been credited to poor flowering and seed filling for maize resulting to dismal yields (Hastenrath et al., 2010). Heavy
rain resulting to excess water coupled with high relative humidity at crop maturity results to heavy post-harvest losses (ref)

Predictions of increased precipitation over East Africa region initially aroused high expectations to Kenya’s agricultural sector. At this
time the steady rise in world temperatures was believed to raise evaporation in water bodies, and double up rainfall in most parts of
Kenya. On the contrary, this rise in temperatures is contributing to increased evapotranspiration in arable lands, indicating a need for
elevated soil moisture. As observed the temperatures are increasing unlike precipitation which is very unstable. Despite expectations
of increased rainfall in Kenya, observations over 90 years show no significant increase. There is a worrying trend of decrease from
1961 to 2000 (Fig. 3).
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Figure 7: Mean annual rainfalls, (ten years mean) received in Kenya from 1901 to 2000. Source: FAO

Temperature, relative humidity and net precipitation manipulate water distribution and availability for plant growth. Substantial
decrease in annual rains has been reported in Rift valley (Wakachala et al 2015), Kerio valley (Kipkori and Kareithi, 2013), Machakos
and makindu (Chepng’etich et al., 2014), and Nakuru, (Ogeto et al., 2013). These are some of major cereal production regions of
Kenya. Today Kenya faces frequent drought and floods incidences. Classic evidences are depicted in the dry spells in the Eastern
region caused by cessation of rain and high levels of evapotranspiration (Kipkorir and Kareithi, 2013; chepng’etich et al., 2014;
Wakachala et al., 2015). On average, recorded temperatures for over 70 years indicate a steady rise in the average annual temperature,
from 1961 to 2000 (Fig 4). The continued rise in temperatures is likely to affect precipitation and soil moisture.
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Figure 8: The average annual temperatures in Kenya from 1901 to 2000.Source; FAO

The recent high temperatures marred with decreased and sometimes poor precipitations (the scenarios of poor rain distribution,
variation of time period, intensity, area and amount of rainfall), is resulting in insufficient soil moisture (Maruthi Sankar et al., 2012).
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Variability in rainfall has been recorded in high and medium potential lands comprising of the major cereal (maize, wheat and barley)
production areas. In addition, unexpected heavy rain within short periods is being received in many cereal growing areas. One of the
interventions is building reservoirs but this has been less beneficial to smallholder cereal farmers lacking irrigation infrastructure
(UNEP, 2011). This has resulted to reduced cereal production currently being felt by smallholder farmers who constitute majority of
farmers in Kenya 70%, (World Bank, 2013; Oruonye et al., 2016).

Generally, the whole experience has been overwhelming to small holder famers faced with the reality of increased uncertainty to
future water availability. Famers are now utilizing sorghum and millet which are short cycle cereals with ability to exploit diminutive
rains received for growth to maturity (Ezenekwe et al, 2013; Handschuch and Wollni, 2013). This has increased diversification in
small scale farms in Kenya. These measures are directed towards addressing cases of low yield and or total loss (Angwenyi, 2013;
Dietz et al, 2013).

1.2. Resilient Features of Sorghum and Millet

Small grain cereals especially sorghum and millet has been credited with novel characteristics of tolerance to drought, (Mwandalu and
Mwangi, 2013), soil salinity and ability to withstand flash floods and high temperatures (Okuthe et al., 2013). The two exhibit better
productivity in infertile soils in comparison to other cereals. They have a short growth cycle, making use of short duration rains to
attain full development (EPZ, 2005; Wortmann et al., 2006). In Kenya they are mainly produced in dry sub-humid areas and medium-
high altitudes, which are currently familiar with successive droughts (Mwandalu and Mwangi, 2013). This includes areas of eastern,
central, western, north eastern coast and Nyanza regions (Ogeto et al., 2013; Chepng’etich et al., 2014).

Sorghum and millet have special rooting systems. Sorghum has extensive root system which is highly branched accommodating
millions of secondary roots. The deposition of considerable amounts of silica in sorghum roots makes it outsmart most crops in
drawing water from dry soils (Wortmann et al., 2006). Millet on the other hand is generously deep rooted. These small grained crops
have high water use efficiency; they are narrow leafed and roll leaves to reduce water loss. They produce tillers forming an improved
canopy. This enhances shading and reduces water loss by evaporation from the rhizosphere (Wortmann et al., 2006; Chepng’etich et
al., 2014).

Singh, (1984), illustrated impressive findings in over 39 accessions exhibiting cold tolerance, with accessions from Uganda and
Ethiopia highly adapted to the highlands, able to germinate at cold conditions. This adds an advantage of cold tolerance genes that can
be extrapolated for enhanced tolerance to cold, a very common scenario in semiarid and arid lands at night (Ezenekwe et al., 2013).
Moreover, this characteristic makes this crop to some extend adaptable in cold highlands.

1.3. Nutritional Superiority and Other Uses of Sorghum and Millet

Sorghum grains contain nutritional values of energy1418Kj, dietary fiber 6.30g, and fat 3.30g, carbohydrates 74.63 g protein 11.30 g;
all in 100g of sorghum grains (Stefoska-Needham et al, 2015). In east Africa, sorghum is mainly used to make posho, bread, special
dishes, brewing of bear and to make highly nutritive foodstuffs such children’s porridge. It has also been used as constituent of animal
feeds (forage and silage). In West and South Africa, sorghum grains are made into paste- sorghum syrup (molasses), the stalks are
used for fencing, building, weaving, broom making and as firewood. Industrially, it is used for brewing bear, production of vegetable
oil, preparation of paper pulp, waxes and dyes and also as a bio-fuel source (Lim, 2013). Millet grains are high in carbohydrate (60%),
proteins (7%), fibre (3%), fat (3%) 5. On average millet grains, in about 100g 5 contain about 10.5 g of proteins, 3.8 g of fibre, 2.6 g
of minerals, 6.1g of iron and 106.8 of calcium (Sarita and Singh, 2016).

Sorghum and Millet are rich in antioxidants, have high protein content and fiber. They have high levels of unsaturated fats. These
grains contain important minerals such as phosphorus, potassium, calcium and iron. The high antioxidant levels help lowering the risk
of cancer, diabetes and neurological diseases. Millet contains magnesium that reduces the severity of asthma and migraine attacks,
(Adegbola, 2013). They are Natural pre and probiotics treatments especially when fermented, reducing harmful bacteria from the
colon while at the same time increasing the good bacteria, in particularly (Sarita and Sigh, 2016) reported this effect from fermented
millet products. The slow starch digestibility of these cereals coupled with appetite regulation makes them good for weight
management. The slow digestibility is also attributed to attenuation of blood glucose (Stefoska- Needham et al., 2013).

1.4. Breeding and Other Improvement Needs

Sorghum and millet production had for a long time been neglected since the wake of Green Revolution. During this period, rapid
introduction of fertilizer and pesticides accompanied by mechanized farming promoted uptake of Maize and Wheat at the expense of
traditional crops (Chisi, 2015). This opened up areas for research in the introduced crops but Sorghum and millet were neglected. Due
to climate change, there is now projected increase in production of millet and Sorghum. This means increased demand of quality
planting materials (Macauley, 2015; Kipkorir and Kareithi, 2013). A lot of research needs to be carried out in order to provide farmers
with seeds.

Sorghum and millet have good characteristics that can be utilized to develop varieties adaptable to the varying climate. These include
genes for drought, salinity and cold tolerance. There are about 39 sorghum accessions having genes for cold tolerance (Sing et al.,
1984), this provides a lead to easy enhancement and improvement for adaptability to cold conditions. The cold tolerant lines will be
suitable to cold highlands currently recording poor rainfall. The cold tolerance traits when incorporated into long maturing varieties
will provide a possible of improved yields in highlands currently experiencing reduced rainfall, (Ezenekwe et al., 2013).
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Many survival mechanisms for survival in drought are used by sorghum this ranges from leaf area dynamics to spatial water use
strategies by the stay green sorghum (Borrell et al., 2014). Reduced tilling and increased lower leaves sizes. Efficient silicon
accumulation in sorghum root endodermis reported by Lux et al., (2003), contributes to drought tolerance, by improving the osmotic
potential of the plant enabling it to absorb water in dry soils. Ahemed et al., (2011), found silicon treated sorghum plants with better
water potential. The plat has low transpiration rate in comparison to other cereals. Millet is commonly known as a short growth
season, drought resistant crop (Sarita and Singh, 2016).

Reduced water and high rates of evapotranspiration are associated with increased salinity in arable lands. Salinity normally causes
reduced plant growth by inhibiting water and nutrients uptake, (Yakubu et al., 2010). Sorghum and millet have better growth in saline
conditions. Yakubu et al., 2010 observed Maiwa millet variety tolerant to high levels of sodium salts (above 11 S/dsm) similarly (Kafi
et al., 2008) observed a number of millet varieties exhibiting good growth in saline conditions, while Omari and Nhiri, (2015), noted
elevated self-protection measures by sorghum against Nacl stress. These features of both sorghum and millet pinpoint to some useful
genes that can be used in in talking salinity tolerance issues.

Earlier on small grained cereals production had been founded on informal seed sector with many important landraces being used and
conserved by famers themselves this is expected to change, opening opportunities to seed companies and the seed merchants, (Muui et
al., 2013a). The increased efforts in crop improvement will enable set up of functional seed systems with markets expected to stock
variants of these small grained cereal seeds. Allocation of more funds to research geared towards safeguarding and utilization of
diverse sorghum and millet genetic resources(Muui et al., 2013b).

1.5. Value Addition and Product Promotion

Sorghum and millet products are highly in need of promotion at the market to enable increased marketability and profits for the
prospective future producers(Kange et al.,2014). Education of individuals would be a key strategy of putting consumers in the know of
the benefits of sorghum and millet in their diet; with the two being nutritiously superior to most cereals, they are better placed for
attracting high prices with potential of this to increase, (Klopfenstein and Hoseney, 1995; Mosley, 2013). Increased produce value
addition and promotion of sorghum and millet is now necessary activities and profitable ventures (GOK, 2013; Aguerre et al., 2015).

2. Conclusion

Generally, there is increasing production of sorghum and millet this is expected to spread to high potential lands that are growing
warmer and receiving reduced rain. This future calls for varietal improvement activities, value addition ventures and enhanced
industrial utilization and marketing of sorghum and millet products. These measures will ensure adjustment of Kenyan cereal sub
sector, allowing wider accommodation of sorghum and millet, and in their preparation for taking lead as the most important cereals in
Kenya, Africa and the world.
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