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ABSTRACT

Chia (Salvia hispanica L.) is an annual tropical plant belonging to the Lamiaceae family. In Kenya,
Chia has gained significant attention in recent years due to its nutritional benefits and increasing
demand in the local and global market. This review aims to explore the potential of chia production
in Kenya as a source of income for farmers. The review highlights the agronomic requirements of
chia, including soil, water, and climate conditions, as well as practices necessary for successful
cultivation. Chia production is becoming a favorite enterprise for most farmers in Kenya due to its
ease of management and short growth period. However, a seamless production has been
encountered by several challenges, including scarce information regarding its agronomic
management practices, poor yielding varieties, emerging pests and diseases, and poor harvesting
and post-harvesting techniques. The growing demand for chia globally presents an opportunity for
Kenyan farmers to tap into this market and generate income through export. Chia, has the potential
to become a new golden crop for Kenyan farmers, contributing to food security, poverty reduction,
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and sustainable development. However, to realize this potential, there is a need for investment in
research, extension services, and market linkages to support chia production, improve agronomic
practices, and create a sustainable market for the crop.

Keywords:
varieties.

1. INTRODUCTION

Chia (Salvia hispanica L.) is an annual tropical
plant belonging to Lamiaceae and the genus
Salvia. Chia seeds are considered a rich source
of omega-3 compared to other plants due to the
high content of alpha-linolenic fatty acids. Chia
production in Kenya is slowly gaining momentum
due to the popularity of the nutritional benefits of
the seeds and leaves. Different authors have
referred to it as the sleeping beauty [1] and the
golden crop of the 215t century [2].

Production practices; crop management;

harvesting; insect pests; crop nutrition;

organization and efficiency, largely attributed to
the limited availability of comprehensive
information [3]. Existing studies in Kenya have
predominantly focused on investigating the
physical and chemical properties of Chia seeds,
while crucial aspects related to its cultivation
have been overlooked. Thus, the primary
objective of this review is to bridge this
knowledge gap and provide a thorough
understanding of Chia production in Kenya. By
exploring cultivation practices and uncovering its
agricultural potential, the review aims to pave the
way for maximizing the benefits of this nutritional

However, the expansion of Chia production in treasure within the Kenyan agricultural
Kenya is encountering challenges in terms of landscape.
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Fig. 1. Historical widespread of Chia globally. The agricultural areas shaded green, blue,
yellow, and red represent the area of Chia cultivated on Early pre-Columbian times (3500 BC-
1000 AC); Late pre-Columbian time (1000AC-1500 AC); Post Columbian time (1500 AC- 2000
AC); and Modern time (2010 until this date) [4]
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1.1 Chia Production Globally

Chia, amaranth, corn, and bean were the main
staple food for the Mexicans during the pre-
Columbian times (Ayerza & Coates, 2005). The
arrival of the Spanish in southern Mexico and
Guatemala led to the disappearance of Chia as it
was related to Mexican traditional medicine. In
the 90s, it was revitalized by Acatic jalison
farmers who had secretly retained the use of
Chia [5]. Chia was classified by a botanist known
as Carl Von Linneo, who named it Salvia (cure)
hispanica (Spanish) (Sosa et al, 2016).
However, the name Salvia hispanica gained a lot
of controversies since its origin was Mexico and
not Spain.

The spread of Chia production to other countries
(Fig. 1) was ignited by researchers’ findings from
Argentina and the USA (Fonseca, 2016). They
found out that Chia seeds and leaves had high
omega 3s and poly-unsaturated fatty acids. Due
to its multiple uses for both man and animals,
there has been an increase in demand for Chia

[6], leading to Chia's integration into
modern agriculture, hence an increase in
production.

The major producers of Chia globally are Mexico,
Bolivia, Australia, the USA, Guatemala,
Argentina, and Peru (Fig. 1) [7]. Today chia
production has expanded to many regions of the
world, covering about 370,000 hectares from 500
hectares in the 1990s. Bolivia, one of the major
producing countries globally, increased its
cultivation from 50,000 hectares producing
18,000 tonnes per hectare, to 80,000 hectares
producing 30,000 tonnes [2]. Chia was
introduced to Kenya by NGOs in 2014 (Fig. 1),
with the crops entering through the Kenyan-
Ugandan border [8]. The introduction of Chia

aimed to play a pivotal role in alleviating
malnutrition in the region, highlighting its
potential as a nutritional resource and

demonstrating the ongoing efforts to improve
food security and health through innovative
agricultural practices.

The ideal growing zones for Chia are found
between latitudes 25° 55N and 25° 05’S. In
regions with higher latitudes, such as 38° 00’'N
(USA), Chia plants are unable to produce seeds
as frost destroys them before flowers can set [9].
Countries outside this optimal latitude range
often face challenges with relatively low
nutritional quality and seed yield, sometimes
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resulting in no seed yield at all. To address this
issue, these countries are focusing on producing
Chia varieties or cultivars that can better adapt to
their specific climates. An example of such a
variety is Sahi Alba 914, which exhibits
photoperiodic independence, making it
suitable for cultivation in regions with high
latitudes [9].

Modern plant breeding efforts for Chia have been
limited, and improved cultivars have mostly been
developed through the selection of lines from
mixed germplasm sources, particularly landraces
(Sosa et al., 2016). The dominant domesticated
variety "Pinta" is widely cultivated (Cabhill, 2005).
However, efforts have been made to develop
better cultivars, including Sahi Alba 911, Sabhi
Alba 912, and Sahi Alba 914 (Table 1), which are
white seed lines resulting from mass selection.
Additionally, "Omega 3," a variety developed in
Florida USA through mass selection from a
mixed population, likely derived from "Pinta,"
variety (Sosa et al., 2016).

Countries like the USA and Argentina are
utilizing plant breeding to develop Chia cultivars
that can adapt to varying day durations and
climatic conditions. For instance, the Hearthland
variety was developed in the USA through
gamma radiation-induced mutation and is
available with both white and black seeds.
Argentina has seen significant success in genetic
improvement, resulting in the establishment of
large Chia cultivation areas in a short period. The
seed yield in Argentina ranges between 150 and
1,200kg per hectare, with a national average of
350 kg per hectare [10]. In contrast, Chia
cultivation in some agricultural zones in the USA
has been less successful, with a limited
increase in the land area dedicated to
Chia and a Ilow average seed vyield of
only 290 kg per hectare [11]. Chile and Italy are
conducting research to identify the best
planting date for Chia, but the seed vyield
in these countries remains below 400 kg per
hectare.

However, tropical regions such as Mexico,
Ghana, and Kenya have demonstrated promising
results, achieving high vyields of Chia seeds
ranging from 1305 to 2605 kg per hectare,
especially with proper irrigation (Sosa et al.,
2016) [12]. The low seed vyields observed in
some countries are often associated with water
stress due to inadequate irrigation practices
(Sosa et al., 2016).
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Table 1. Chia Varieties Globally

Cultivar/Genotype/Variety / Abbreviation

Country of Origin

G8 USA (Grimes et al., 2020) [13]
“CHIA’mpion W-83 India (Mohanty et al., 2021) [14]
06815BOL, 06915ARG, 07015ARG Bolivia and (Mack et al., 2017) [15]
Argentina
UGA Uganda (Grimes et al., 2020) [13]
Sachia White, Sachia Black Mexico (Grimes et al., 2020) [13]
KOL, BOL Columbia and (Grimes et al., 2020) [13]
Bolivia
Sahi Alba 911, Sahi Alba 912, Peru (Bochicchio et al., 2015) [10]
Sahi Alba 914 Argentina (Mack et al., 2017) [15]
W13.1 USA (Mack et al., 2017) [15]
SALVA 66 Spain (Grimes et al., 2020) [13]
Pinta White, Negra Puebla Mexico (Sosa-Baldivia et al., 2018) [1]
Tzotzol Mexico (Ayerza, 2019) [16]
Chia Nigra Spain (Grimes et al., 2020) [13]
Oruro®© France (Kuznetcova et al., 2020) [17]
Heartland USA (Sosa-Baldivia et al., 2018) [1]

In Africa, Chia is produced in various countries,
including Uganda, Tanzania, Egypt,
Mozambique, Zambia, Angola, Ghana, the
Democratic Republic of Congo, and Kenya.
Ghana, lying between latitudes 23° 30°’N and 23°
30'S, has achieved higher seed yields ranging
from 1300-2600 kg/ha under suitable agronomic
management practices, surpassing those of
native Chia countries [18]. Uganda is the only
country in Africa known to have developed a
Chia variety called UGA (Table 1). However, in
Kenya, studies indicate that there is limited
information concerning different Chia varieties,
particularly among farmers, resulting in the
production of unknown and unimproved
germplasm [19]. Given the commercial
importance of Chia, it is essential for all
stakeholders to consider future production
through  breeding. Breeding high-yielding
varieties adaptable to the Kenyan environment is
necessary, considering the ongoing breeding
efforts in other countries (Table 1).

1.2 Chia production In Kenya

Chia in Kenya is believed to have been
introduced by community health organizations in
2014, through the Kenyan Ugandan border to
improve and manage lifestyle diseases [8].
Kenya's agricultural zone lies on the equator,
which is between the latitude for Chia production.
With recent research, Kenya has shown a great
potential to produce more than the countries of
origin. A study conducted in Meru, Kenya, on the
influence of Nitrogen reported that the seed yield
ranged as high as 2000-3000kg/ha [3]. A
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kilogram of Chia seeds in Kenya fetches around
1,500- 2000 Kenyan shillings, and with the
current literature of 2000kg/ha, this would
translate to 3-4 million Kenyan shillings per
hectare. However, the price of Chia is believed to
fluctuate according to demand, quality and
guantity produced.

Kenyan farmers have gained a lot of interest,
resulting in to spread of Chia production to
different counties such as Nyeri, Busia,
Machakos, Nakuru, Trans-Nzoia [19], and Meru.
Due to its nutritional and financial benefit,
farmers substitute common crops such as maize
and potatoes for Chia. Commercial Production of
Chia may lead to the diversification and
stabilization of the local economy. However, in a
survey conducted by Gitau et al. [8], in Nyeri
County, Kenya, only 18% of Kenyan farmers
knew about Chia while 82% had not had about
chia plant. Nevertheless, the survey also found
that 88% of the farmers were willing to produce
Chia on their farms. Information on the
agronomic management of Chia in Kenya is still
scarce. This could be why only a small
percentage of farmers in Kenya know about the
crop. Gitau et al. [8] recommend the sensitization
of the importance of Chia production to the
farmers in Kenya.

2. EFFECTS OF ECOLOGICAL FACTORS
ON CHIA PRODUCTION

2.1 Growing Temperature

The optimum growing temperature of Chia
ranges between 15-36°C. In addition, Chia seed
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Table 2. Maximum and minimum temperature for chia producing Counties in Kenya

County Average Minimum Average Maximum
Temperature (°C) Temperature (°C)

Nakuru 16 194

Busia 20.9 23.4

Trans Nzoia 16.5 20.7

Meru 18.9 214

Machakos 17.2 20.5

Nyeri 13.9 17

germination occurs under a constant temperature
of 20°C [10]. Chia producing Counties have a
varying minimum and maximum temperature as
shown in Table 2. The minimum average
temperature is experienced in the month of July
while the maximum average temperature is
experienced in the months of February and
March. The average temperatures fall under the
recommended chia producing range, however
with temperatures varying across counties and
months, there exist limited information on the
influence of temperatures on the yield of Chia.

Various studies have reported a higher
germination rate of above 80% when seeds were
germinated under 20, 25, and 30°C [20].
However, poor germination rate of chia seeds
has been observed under extreme temperatures.
Banginsky et al. [21] reported a Ilower
germination rate when seeds were germinated
under temperatures above 30°C. This is in
agreement with Cabrera-Santos et al. [22] who
also recorded a low germination rate when seeds
were grown at temperatures above 30°C and
below 20°C. The same study also revealed a 2-
day germination delay on seeds placed at 10°C,
which was characterized by reduced metabolic
rates. Extreme temperature has also an effect on
the reproductive phase of Chia. Dead flower
buds were recorded when temperatures were
lowered below 10°C [23]. Similarly, high
temperatures led to an extension of the leaf
formation periods, thus leading to increased
vegetative growth at the expense of grain
production [21].

2.2 Soils

Chia grows well in moderately saline, well-
drained soils with a pH of 6.5-9 [18]. Different
authors have related salinity when growing chia
seeds to leading to reduced oil in chia seeds
[24]. Chia can be grown in different textural
classes, provided the soils are not too wet.
However, Chia is moderately tolerant to acidic
soils and drought [25].
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Soils types in Chia growing areas in Kenya vary
however, but they are considered to be
conducive for Chia production given that Chia
grows in all soil textural classes. However, soil
studies have revealed that soils in Kenya are
generally acidic with a pH ranging from 4.53 to
7.12 [26]. Acidic soils are known to affect the
availability of nutrients in the soil either by
decreasing nutrients and causing deficiency or
increasing and resulting to toxicity. Acidic soils
have been reported to affect growth of Chia thus
subsequently leading to low yields [27].

3. INFLUENCE OF CHIA PRODUCTION
ON DIFFERENT AGRONOMIC
PRACTICES

3.1 Nutrient Management

Nutrient management is very critical in both
environmental and economic terms. This helps
increase the yields of crops and, at the same
time, reduces nutrient losses to the environment.
There has been a misleading theory of Chia
being a low nutrient requirement crop which is on
the contrary of the findings of Mary et al. [28],
who reported application of 90:60:75 NPK/ha
resulted in an increased yield of 623kg/ha as
compared to the lower fertilizer level of 30:20:25
NPK/ha producing 477.95 kg/ha. These results
were in harmony with Salman et al. [29], who
recorded a higher plant growth after application
of 3g/l of NPK (two portions) with the addition of
a biofertilizer. Low nutrition to the plant has been
found to interfere with the size of all external
parts of the Chia plant, for example, reduced
panicle sizes and grain weight, while high
fertilizer application results in high vegetative
growth [30].

3.1.1 Nitrogen fertilization
Chia plant, nitrogen fertilizer application is

currently recommended at a rate of 15-51kg/ha
[31,10]. However, a higher amount of nitrogen
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has been proposed, such as Sosa-Balvidia et al.
[1] applied 150 N kg/ha. Nitrogen is the nutrient
applied more frequently and in higher quantities
than phosphorus and potassium, thus being
referred to as the engine of plant growth. Its
supplement results in a four per cent increase in
the biomass of the plant. A good supply of
Nitrogen is critical for the absorption of other
nutrients and it is requirement in the soil is
believed to change according to the soil type and
the region of production [32].

Nitrogen is essential in plant growth since it is a
critical element of the structure of enzymes,
protein, by-product molecules, and amino acids
involved in the plant's growth and development.
The addition of Nitrogen fertilizer to chia plant
has had a positive impact on both growth and
development. Salman et al. [29] found that Chia
plants grown in Brazil increased when 125kg of
Nitrogen per hectare was used compared to
plants that did not receive any nitrogen fertilizer.
The plant height of Chia was 60.03cm in 125N
kg/ha compared to 37.33cm in 0 N kg/ha; these
results agree with Busilachi et al. (2014), who
found a higher height of 70-112cm. The number
of leaves also increases with an increase in
Nitrogen content. Salman et al. [29] observed 18
leaves at higher nitrogen fertilization and 16
leaves on a plant that did not receive nitrogen
fertilizer.

Salman et al. [29] also found an increase in dry
biomass due to increased nitrogen fertilization
resulting in a weight of 8.06g per plant at a
fertilizer rate of 2125 N kg/ha and lower biomass
of 3.52g per plant in 0 N kg/ha. However,
Bochichio et al. [10] found contradictory results,
where they observed unresponsive plants
towards nitrogen fertilizer. Sosa-Baldivia et al. [1]
assumed that Chia recovers 80% of the nitrogen
applied, and thus each kilogram of Nitrogen used
produces 16.7 kg of seed. Soils in Kenya do not
fully meet the demand for Nitrogen [33] hence, it
is essential to complement it with other
nitrogenous fertilizers. Nevertheless, nitrogen
application requires care in respect to the
guantity and time of application since high
nitrogen levels could result in lodging, making it
difficult to harvest and, as a result, lead to low
yields.

3.1.2 Phosphorus fertilization

The recommended phosphorus fertilization
application on Chia plants is 43 P20s kg/ha [10].
Phosphorus is the most limiting factor in plant
nutrition due to its low concentration in the soil
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and the fact that it binds to soil colloids, thus
affecting its availability in the soil [34].
Phosphorus nutrient is essential at the beginning
of the vegetative stage, and the unavailability of
this nutrient could result in developmental
constraints, which could make the plant not
recover even after providing adequate nutrients
[29]. Low phosphorus content in the plant could
lead to slow cell growth due to the accumulation
of soluble nitrogen components in the tissue [10].
The slow growth of cells could eventually lead to
decreased plant height, reduced root
development, and low seed yield [29].

Various literature reports the influence of
phosphorus nutrients on the growth of Chia,
Salman et al. [29] observed a higher plant height
of 22.49cm at a phosphorus fertilization rate of
100kg/ha and also a higher number of leaves per
plant as compared to no phosphorus fertilization.
The absence of phosphorus could lead to
reduced biochemical function in the plant
physiology resulting in lower heights [35]. Higher
plant biomass on phosphorus application has
been reported [35], this is as a result of
increased photosynthesis from the higher
number of leaves produced by the plant, thus
increased production of the photoassimilates.
This was also in agreement with Korkmaz et al.
[31], who recorded a sixfold increase in dry
matter compared to plants with no phosphorus
fertilization.

Da Silva et al. [35], reported a high number of
inflorescence when 76kg/ha of phosphatic
fertilizer was applied. The findings also showed a
decreased plant height, leaf area, and
inflorescence production in plants denied
phosphorus fertilizer. This may be attributed to
phosphorus promoting photoassimilates
production in the development of leaves and
inflorescence. In other studies, the Chia plant
has shown poor response to very high and low
doses of phosphatic fertilizer; this results from a
similar residue effect in the soil [35]. The poor
response of Chia to both low and high doses of
phosphorus has been attributed to the loss of
genetic variability during the domestication
process of Chia [35]. Low mobility of Phosphorus
in the soil and its easy adsorption rates by clay
oxides and minerals, applying phosphorus
fertilizer to the plant is necessary, especially
during the early stages of growth. Understanding
the characteristics of Phosphorus accumulation,
remobilization, and partitioning is important for
developing practices and strategies to improve
Phosphorus use efficiency in the production of
Chia in Kenya.
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3.1.3 Potassium fertilization

The recommended pottasium fertilization
application on Chia plants is 60 K20 kg/ha [10].
To date, Potassium fertilization on Chia receives
less attention than nitrogen and phosphorus [10].
After harvest, potassium is lost more than what is
returned to the soil [29]. Potassium is the cation
required in greater quantity by plants, regardless
of the nutrient management philosophy. High
amounts of K are needed to maintain plant health
and vigour. K's specific roles include;
osmoregulation, an internal balance of cations
and anions, activation of enzymes, proper use of
water, translocation of photosynthesized
products. Since Potassium is needed for most
biological processes of the plant, its deficiency
has been reported to reduce crop development
[29].

Plant height of Chia is reduced under low
potassium doses, and this was reported by
Salman et al. [29], who found a significant
difference in the height of Chia under 0 kg/ha
and 100 kg/ha of phosphorus. At 100kg/ha, Chia
grew to a maximum height of 60.30cm and a
minimum height of 37.33cm in 0 kg/ha. The study
also recorded a significant difference in the
number of leaves, inflorescence, and dry matter
under different rates of potassium. A higher
number of leaves (16), inflorescence number (8),
and dry biomass per plant (5g) were recorded
under 100kg/ha of potassium fertilizer as
compared to 0 kg/ha. To date, no studies have
been done in Kenya on the response of the Chia
plant to different doses of potassium fertilizer.

Chia farmers in Kenya are currently using
organic fertilizer to improve production, while
others are not incorporating any nutrients. The
composition in the organic fertilizer is usually
based on the compost and green manures, liquid
or solid manure, and crop rotation [36,37]. The
release of the usable nitrogen in the soil is
usually slow, and factors such as adequate soil
temperature and soil moisture affect the
mineralization process [38]. Knowledge of the
benefits of different nutrient compositions such
as Nitrogen, Phosphorus, and Potassium is
necessary to increase the current production of
Chia in their farms.

3.2 Plant Spacing
Chia seed rate is recommended at 5-6kg/ha with

a row spacing of 70-80 cm [10]. Crop spacing
has been reported to be one of the main
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challenges facing field crop growers worldwide
[39]. The interception of radiant energy to crops
in different spacing has a critical role on plant
secondary metabolites and growth [40]. The
number of plants in a field is an essential factor
that affects the volatile oil and yield of Chia
plants [41]. Wider spacing allows plants to have
sufficient light, water, air, and nutrients, while a
narrow spacing allows plants to have restricted
exposure to resources [21]. Chia growth and
yield is affected markedly by how closely plants
are spaced in a plantation field, Rasha et al. [40],
reported plant spacing influenced the growth of
chia plant in terms of height and number of
branches.

At a narrow row spacing of 30cm, chia plants
were taller (70cm) and with a lower branch
number [40]. These results resemble those
findings in Kenya, where at plant spacing of
30cm x 15 cm, the plants were taller in size than
plants with wider spacing of 50cm x 50cm [12]. In
other studies, increased plant spacing has been
accompanied by increased branching and
increased stem length. However, the increase in
stem length and branching did not compensate
for the fewer plants per meter squared. An
increase in biomass accumulation has been
recorded in a wider spacing. Rasha et al. [40]
recorded an increased biomass accumulation in
a wider row spacing of 40cm. The increase in
stem length and branching in a wider spacing,
which also led to increased biomass, has been
directly attributed to the exploitation of the active
photosynthetic radiation and available nutrients
used for plant growth compared to plants in
narrow spacing.

Grimmes et al. [42] found no significant
difference in yield and a thousand seed mass of
Chia seeds planted under different row spacing
arrangements. However, a higher seed yield of
1171 kg/ ha was obtained in a narrow spacing of
35cm. The results are in agreement with Yeboah
et al. [18] and Rasha et al. [40], where they
obtained a higher seed yield of 3208kg/ha at a
narrow spacing of 0.5cm x 0.5cm and 250 kg/ha
on a row spacing of 30cm respectively. Contrary,
Chia vyield and growth is influenced by the
number of plants planted in an area of land is
according to the results of Mary et al. [28], who
found out that a larger spacing of 60cm x 45cm
resulted in a yield of 597kg/ha as compared to a
spacing of 60cm x2 2.5cm which had a maximum
output of 489.15kg/ha. Based on the results from
different studies, Grimmes et al. [42] advocate for
a narrow plant spacing arrangement in high-
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yielding environmental conditions. Information on
the performance of Chia under different spacing
arrangements in different agroecological zones in
Kenya is limited.

3.3 Water Management

Chia can be grown on irrigated fields or under
rain-fed conditions. Rainfall requirements range
from 300 to 1000 mm throughout the growing
period [1]. Optimal rainfall is needed during
propagation and vegetative growth, thereafter
drier conditions are required until maturity
(Aryeza, 2016). Drought is one of the abiotic
factors that is known to limit the production
potential of most plants. Change in rainfall
distribution has caused low water availability to
the plant, water availability for farming purposes
is likely to reduce in the coming years. The use
of water in the plants corresponds directly to
biomass and yields [43]. The plant response to
water scarcity is dependent on the stage in which
the deficit was applied [15]. Water availability
affects the Germination of Chia seeds, and
germination cannot occur below a certain point
[12].

Chia has the characteristic of producing mucilage
during the hydration period [44]. Mucilage
produced seals the seed, thus protecting the
seed from drying [45]. In other studies, the
mucilage has been reported to slow the
germination rate but increase its capacity to
survive in stressful conditions [46]. However, the
myxocarpic characteristic can be overruled due
to the inability of the seedling to penetrate the
hard soil crust [47]. This is in agreement with
reports of a low germination rate in chia seeds
grown in Kenya [3]. Chia seed germination is
also affected by excessive watering; this is in
accordance with the reports published by
Nadtochi et al. [20], where 4ml of water in a petri
dish of 100 seeds resulted in a 30% germination
rate as compared to 2ml, which resulted in over
80%. These results were related to the low
oxygen diffusion to the embryo due to the
mucilage seal.

After germination, the leaf area has been
reported to decrease in water scarcity conditions
and automatically leading to a decrease in total
dry matter [47]. This result has been attributed to
the reduced photosynthetic activity caused by the
reduced leaf size. Lovelli et al. [48] found out that
the total dry matter of leaf to stem ratio
decreased with increased irrigation. The study
also found out that in a 100% water availability,
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there was a fifty percent increase in leaf area as
compared to plants that received only 40%. In
another study, water scarcity on grown chia fields
led to reduced growth, thereby reducing the foliar
area to forty-three percent and a fifty-four percent
reduction in the total dry-matter as compared to
the well-watered plants [23]. The decrease has
been associated with the capacity of the Chia
plant to endure water scarcity through a plastic
morphogenetic  reaction [1]. Besides the
morphogenetic reaction, Chia plants have the
ability for osmotic adjustment and thereby
maintaining the cellular turgor, which is usually
associated with the plant's growth [23].

The stomata have also been reported to close
partially in water-stressed plants, thus reducing
the rate at which the plant loses water [48]. This
result was also confirmed by Silva et al. [23], who
reported decreased transpiration rate in water-
stressed plants, and the results were attributed to
the ability of chia leaves to produce mucilaginous
plugs [49]. Observed an increased efficiency in
water use and CO:2 absorption when there was
partial opening of the stomata. A study
conducted in Kenya found that plants subjected
to water scarcity at different growth stages had a
smaller number of leaves than those plants that
were well-watered [12]. The reduced number of
leaves tends to decrease the amount of water
lost through the leaves; however, the lesser the
leaves, the lower the rate of photosynthesis.

Water scarcity has been found to affect the rate
of photosynthesis due to decreased CO: in the
chloroplasts [50]. These results are in agreement
with Escobar et al. (2017), who reported a higher
seed vyield of 1154kg/ha in 100% irrigation as
compared to 787.17kg/ha in 40% irrigation. Silva
et al. (2021) also recorded a low grain yield
(114kg/ha) as a response to water reduction to
the plant; however, the study reported heavier
seeds compensating for the loss in yields. This
reflecting a more portioning of assimilates to the
grains over the other parts of the plant. Kenya is
endowed with arid and semi-arid zones where
water is a limiting factor, and Chia production
may be an attractive enterprise. However, more
research needs to be conducted on the
performance of different varieties in arid and
semi-arid lands (ASALSs) in Kenya.

3.4 Weed Management
The main weeds interfering Chia production in

Kenya include blackjack (Bidens pilosa), Kikuyu
grass (Pennisetum clandestinum), macdonald
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eye (Galinsoga parviflora), thorn apple (Datura
stramonium), and couch grass (Elymus repens).
Weeds are the main limiting factor to crop
production. Weed interference can lead to low
seed yield and subsequently lower the quality of
the yields [51]. Forty-five days after Chia shoot
emergence is considered the most critical period
for competition [52]. However, the crop forms a
canopy at the latter days of growth, thus
providing shade for the soil and eventually
limiting the growth of weeds. Therefore, it is
important that during the commercial production
of Chia, weeds should be controlled at the early
stages of growths to evade serious economic
losses.

Weeds control is done
chemically using herbicides with active
ingredients such as metribuzin, hosphonothy
(pre-emergent), and haloxyfop Methyl (post-
emergent) [52]. These herbicides are
recommended in situations very extreme since
these herbicides can cause phytotoxicity in
plants [42]. Farmers in Kenya today use hand
hoeing methods in managing weeds. This
method is cumbersome, costly, and time-
consuming. Chemical control of weeds is
considered a better method of managing
weeds in the commercial production of
crops. To date, there are no registered
herbicides for the management of weeds in a
chia field crop.

mechanically or

A study by karkanis et al. [53] reported pre-
emergence herbicides (oxyfluorfen,
pendimethalin, and linuron) significantly affected
seedling emergence. However, Chia plants were
not markedly affected by the post-emergence
herbicides (bentazon and fluazifopp-butyl)
although, there was a foliar injury in bentazon
treated plots. This is in agreement with de Goes
Maciel et al. [52], who reported pre-emergence
herbicides such as oxyfluorfen, flumioxazin, and
s-metolachlor affected the growth and vyield of
Chia.

Under different doses, the herbicides were not
selective for the pre-emergence in chia planting.
Sulfentrazone at 100g/ha was the only selective
pre-emergence herbicide for the production of
Chia. However, Chia plants were not affected
significantly by the post-emergence herbicides
(bentazon and fluazifopp-butyl) although, there
was a foliar injury in bentazon treated plots.
Grimmes et al. [42] recommend evaluation of the
selective post-emergence herbicides on different
soil types and different application doses to make
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safe proposals on chemical control. In
Kenya, no studies have been conducted
on the efficacy of selective herbicides related to
the mint family on the different weeds of the Chia
crop.

4. INSECT PESTS

The common insect pests in Chia production are
caterpillars, foliage beetles, coreid bugs,
whiteflies, and aphids [18]. Chia has been
characterized to produce insect pest repellant
substances that act as a defensive mechanism
[54]. However, some insect pests have been
reported by different researchers and farmers.
Some insect pests have been found to feed on
the leaves of the plants, which caused wilting
and dying of the leaves, although it is common
during the early stages of plant growth.
Caterpillars and leafhoppers have been reported
to feed on Chia leaf from the edges (Fig. 4) to the
midrib, although the study found a low pest
incidence [55]. Lacewings, whiteflies, and aphids
have been reported to occur in all plant
developmental stages [56]. In addition, these
sucking insects could also produce honeydew,
which later forms a black sooty substance on the
leaves, interfering with photosynthesis [57].
During Chia production in Kenya, root mealybugs
were found on the roots of the dead Chia plant
(Fig. 2). Currently, there exists no literature on
pest infestation on the flower part. To date, there
is no documentation of any failure of crops due to
insect pest damage. However, there is a need to
develop best-integrated pest management
practices to manage this pest’'s species affecting
Chia.

Although Insect pest infestation decrease as the
crop grows, there is a need to review the pest
status before adopting any control strategies.
Different reports have reported pest infestation to
be below the required economic threshold; thus,
no crop protection management methods were
applied [55,42]. However, Grimmes et al. [13]
used a neonicotinoid type of pesticide at a rate of
300ml/ha! to control both sucking and biting
insects.  Nevertheless, the wuse of the
neonicotinoid class of pesticide has been
discouraged by various agronomists due to the

harmful effects on pollinators and human
beings. With the production of Chia in
Kenya gaining momentum, there is
a need to develop strategies and techniques to
control and manage new emerging

pests that could become a production threat in
the future.
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Fig. 4. Leaf damaged by chewing insects (images: own)
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Fig. 5. Viral symptoms: leaf curling, chlorosis, wilting (images: own)

5. DISEASES

Diseases in Chia are a rare occurrence in most
producing countries (Win et al., 2019). However,
some countries such as Argentina, Ghana have
reported diseases in Chia. In Argentina, there
has been a report of 3 diseases causing virus
that is Tomato yellow spot virus, sida mosaic
virus [56], and cowpea mild mottle virus
(CPMMV) [58]. Tomato yellow spot virus and the
sida mosaic virus are categorized under the
genus begomovirus, while cowpea mild mottle
virus under carlavirus. The plants identified with
the two begomoviruses showed deformed,
chlorotic leaves and dwarf plants. These
symptoms were reported to be severe thus
considered as a threat to Chia production line.

Plants infected with Cowpea mild mottle virus
had yellow-spotted and scorched leaves, with
deformed stem, leaves, and reduced internodes.
The three viruses have been reported to be
transmitted mechanically by the whitefly (Bemisia
tabaci). The virus was also associated with virally
infected seeds during planting, hence an
increased infestation in the Argentinian fields
[58]. Yeboah et al. [18] reported fusarium wilt in
chia field in Ghana, some of the Fusarium
species identified were Rhizopus, Pallidoroseum,
and Fusarium solani. Plants with similar
symptoms as those in Argentina have been
reported in Kenya (Fig. 5), although the cases
were insignificant [12]. The few incidences of
disease must be considered a risk to Chia's
production since the presence of pests such as
Bemisia tabaci is present in many agricultural
farms in Kenya. With new viral infections in
Kenyan farms, there is a need for more research
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on the causes and the influences of viral
diseases on the growth and yield of Chia.

6. HARVESTING

Harvesting should be carried out when 80% of
the foliage has turned brown or lost all its leaves.
Farmers In Kenya use different ways to assess
the harvesting time for Chia; these include
observing the spikes' colour change or the
leaves and chewing seeds. Chia seeds selected
before harvest maturity tend to shrink and turn
brown hence lowering the oil content [8].
However, delay in harvesting could lead to
shuttering of the spikes or mould infection and
eventually lead to a loss in yields [59]. Mould
infection was reported in chia seeds harvested in
Kenya, which was attributed to the humid
conditions experienced during harvesting [19].
Harvesting techniques are also a factor that
could also lead to mould infection. After harvest,
chia seeds are placed on gunny bags on the
ground, could also lead to mould infection.

The most common mould found in chia seeds in
Kenya belong to the species Rhizopus. Since
chia seeds are either taken raw or processed,
the quality is more critical; thus, farmers need to
ensure that the seeds are harvested in time,
using proper techniques, and stored using the
correct procedures [19]. Chia seeds are obtained
by pounding the dry spikes using sticks then
winnowed manually. This process is regarded as
expensive by most Chia farmers in Kenya; hence
there is a need to develop equipment that will
reduce the cost involved during harvest. Chia
leaves are considered nutritious due to the high
content of Omega-3 [19]; some Kenyan farmers
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have taken this opportunity to cultivate Chia as a
vegetable. However, scarce information on the
time and frequency of harvesting leaves and the
performance of the crop in terms of the leaf and
seed yield should be considered as a limiting
factor.

7. POST- HARVEST HANDLING

Chia seeds need proper preservation after
harvesting; poor preservation and packaging
could undergo several physiochemical reactions,
leading to losses in yield and low quality [60].
The physiological changes could lead to
oxidation during storage, thus lowering the
nutritional quality and the shelf life of chia seeds
[59]. Post-handling activities such as drying,
packaging, and storage have to be controlled
and managed to ensure quality and quantity are
not affected. High moisture content in the seeds
during storage can lead to mould formation, thus
lowering the quality of the seeds [19].

Different researchers have proposed different
temperatures that can be used to dry chia seeds
after harvest. Oliveira-Alves et al. [60] used
temperatures 40, 50, and 60 degrees centigrade
to attain moisture of 2.3 %. Thermodynamical
properties of chia seeds have been reported by
different researchers who attributed them to
different drying temperatures. Temperatures
used should aim to reduce the moisture content,
preserve the nutritional content, and extend the
shelf life of the seeds. Seeds with low moisture
content prevent microbial infection [59]. In
Kenya, farmers store their seeds in gunny bags
or package them in different materials such as
polythene bags, plastic containers, or khaki
papers. The seeds are either stored or packed
immediately after harvest or after drying. Most
farmers sun-dry their seeds after harvest since it
is cheap and accessible; however, the seeds are
usually subjected to long time drying, which
leads to low-quality products and contamination
of seeds to other substances such as toxic fungi
[19]. In Kenya, there is scarce information about
the best drying temperatures and the shelf life of
chia seeds.

8. OPPORTUNITIES AND CHALLENGES
OF CHIA PRODUCTION IN KENYA

Kenya has a high potential for Chia production as
any country near the equator. Chia production
has the potential to expand to new areas across
Kenya since it has unique growth characteristics
and almost 20% of the country's land is arable
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[33]. Currently, chia production occupies below
1% of the country's arable land, indicating a low
level of exploitation [8]. Most agricultural lands lie
at an altitude of 1000-2500 meters above sea
level and receive an annual rainfall of 800-
2000mm [33], which is suitable for the production
of Chia [21]. Chia production in Kenya would
ultimately fulfil the increasing demand for
environmentally sustainable and healthy food
products. In addition, Chia production creates
opportunities for policymakers, researchers to
develop policies and technologies to increase
and improve production.

The low production of Chia per acreage has
been attributed to several factors, including
unavailability of certified seeds, poor agronomic
practices, scarce information on the production
process [3], lack of suitable harvesting and post-
harvesting techniques. Poor agronomic practices
are one of the major barriers to the high
production of Chia [12]. Gitau et al. [8] reported
over 80% of Chia farmers had encountered
challenges during the cultivation and production
of Chia.

Different farmers across the country have also
reported crop failure or failure of the seeds to
germinate. In a study conducted in Nyeri County,
Kenya, 37% of the farmers reported total crop
failure [8], thus attributing to the low acreage of
chia farming in Kenya. Extension services on
Chia production are minimal, Gitau et al. [8]
reported only 5.4% of farmers had received
information about Chia production from
Extension officers. However, the low extension
advice could be due to the low ratio of the
extension officers to farmers.

Seed shattering is also a problem facing farmers,
and this has led to high losses of seeds. Seed
shattering is commonly caused by wind, rain, and
birds. Increased shattering has also been
associated with un-uniform maturation of the
Chia spikes [61]. The central chia spike tends to
mature before the lateral spikes leading to an
extended period of mature spikes in the field
[13,62-67].

9. CONCLUSION

Kenya has a suitable climatic condition for Chia
production and proper management of Chia can
lead to increased growth and subsequently
higher yields. As the production of Chia in the
country is gaining momentum, knowledge on its
agronomic management is critical in attaining its
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yield potential. However, farmers in Kenya lack
crucial information in regards to high yielding
varieties and suitable Chia plant management
techniques. Lack of information serves as a
limiting factor in the production of Chia.
Unavailability of information in regards to the
different chia varieties has led to farmers sowing
uncertified and poor yielding varieties. Chia being
an important food crop, increase in its production
in future needs promising consideration from all
concerned stakeholders. Farmers need to be
provided with high-yielding varieties from other
countries as well as locally bred varieties since
this may significantly increase the yields. In
addition, the performance of high-yielding Chia
varieties needs to be assessed in regards to
different management practices, to provide
necessary production information to farmers in
Kenya.
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