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Abstract

Curly kale (Brassica oleracea var. acephala) and Chinese kale (Brassica oleracea var. alboglabra)
are cruciferous vegetables, which have recently gained great popularity in the world as a ‘superfood’.
Generally, kale has the capacity to tolerate diverse climatic conditions while demanding fewer inputs,
thus making it possible to cultivate them with a minimum cost for crop management. However, kale
is still not widespread in Sri Lanka as a vegetable. Therefore, it has not been a commercialized crop to
date. This study was conducted to explore the potential for cultivating kale in Sri Lanka. Two cultivars
of curly kale (‘Dwarf green curled’ and ‘Winterbor F1’) and Chinese kale were cultivated in three
agro-climatic zones representing three main climatic zones in the country, namely the Mid-Country
Wet Zone, Mid country Intermediate Zone and Low-Country Dry Zone, using three different media
(M, Existing soil in each location; M, Sand and coir dust mixture — ratio 1:1; M, Sand, coir dust,
and soil - ratio 1:1:1) at each location. The experiment was carried out as a three-factor factorial with
three replicates as a pot experiment. Based on the present study results, even though all the varieties
displayed a significantly (p < 0.05) higher growth in terms of dry matter accumulation in the Wet Zone,
the growth in the other two locations was also found to be satisfactory. Dry matter accumulation was
not significantly different among the varieties within each location. Different media did not have a
significant influence on growth. Even though the antioxidant contents in all varieties varied among
locations, the values were within the acceptable range. Therefore, both curly kale and Chinese kale
can be successfully grown in the tested locations in Sri Lanka and can be easily introduced to local

consumers as a ‘superfood’.
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Introduction

Patterns of food intake play an essential role in
the maintenance of the health and well-being
of people. Half of the global requirement
for protein and carbohydrates is provided
primarily by three crops; rice, maize, and
wheat (Jaenicke & Hoschle-Zeledon, 2006),
resulting in diets that contain inadequate
nutrients leading to obesity and malnutrition.
However, a vegetable-rich diet is considered
as a good source of nutrients for a healthy
life reducing many health risks. Especially,
vegetables play a remarkable role in human
nutrition and health since they contain dietary
fiber, phytochemicals, vitamins, and minerals
(Dias, 2013).

Curly kale (Brassica oleracea var. acephala)
and Chinese kale (Brassica oleracea var.
alboglabra) are leafy vegetables that belong to
the family Brassicaceae. They are an excellent
source of nutrients and other health-promoting
phytochemicals such as glucosinolates,
polyphenols, and carotenoids, essential for
antioxidant activity (Samec et al., 2019). In
addition, they are easily grown vegetables,
widely accepted as a ‘superfood’. Kale is an
annual or biannual plant with the continuous
growth of stems and leaves, which is mainly
propagated by seeds. Among many types of
kale in the world, curly kale and Chinese kale
are predominantly popular. Leaves can be
harvested four to six weeks after transplanting
under optimum conditions, and they are
generally consumed in a fresh form as salads
and leaf juice and cooked form as soup and
added to other meals as components of the

decoration (Hahn et al., 2016).

Kale is one of the most demanding vegetables
in some countries and can be easily grown

in Sri Lanka. Nevertheless, it still lacks
popularity among people in the country. It
can be grown in a wide range of soils with a
minimum cost for crop management. Further,
it is tolerant to unfavorable climate conditions
(Samec et al., 2018). However, it has not been
a commercialized crop in Sri Lanka to date.
Fully grown immature leaves are suitable for
consumption that makes harvesting several
times possible. Especially at the home garden
level, few plants are good enough for family
consumption. Adding this vegetable as a part
of the diet at least 2-3 times a week is healthier
because of its health benefits and as a change
for the common vegetables that we eat daily.

Despite its enormous values, still, it is a less-
priority crop among the Sri Lankan farmers,
and it is grown as a mixed crop only to very
limited extents in some areas belonging to
the Up-Country Wet Zone. The reason could
be scarce information about the growing
conditions, management practices, and health
benefits. Therefore, the present experiment
was conducted to investigate the possibilities
of growing kale in multiple locations in Sri
Lanka.

Materials and Methods

The study was carried out in three locations
representing three main climatic zones in Sri
Lanka, as shown in Table 1. Three different
varieties: V1- Chinese kale (Brassica oleracea
var. alboglabra), V2- dwarf green curled, and
V3- Winterbor F1 (V2 and V3 are cultivars
of curly kale), were tested in three different
media (M1: Existing soil in each location;
M2: Sand and coir dust mixture — ratio 1:1;
M3: Sand, coir dust, and soil - ratio 1:1:1).
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The experiment was carried out as a three-
factor factorial with three replicates.

A nursery was established using the standard
nursery medium (sand: coir dust - 1:1 ratio).
After seedlings reached the three or four
leaves stage, healthy, vigorous, uniform
seedlings were transplanted in poly bags
black).

fungicides and insecticides were applied when

(35cm  diameter, Recommended

necessary. All plants were watered based on

Table 1.

moisture depletion, and fertilizer application
was made according to the recommendation
for cabbage (DOA, 2019). Harvesting of the
plants in three locations was done after six
weeks of transplanting. Measurements were
made from the third week after transplanting
to harvesting at bi-weekly intervals. Plant
dry weight was measured in shoots and roots
separately (Model 18 and Gallenkamp OMT)
at 72 °C for 48 hours.

Site characteristics of experimental locations during the experimental period

. Annual .
Experimental Location Agroecological Temperature Rainfall (RH)  Soil Type
Zone Range (C°) %  of an Area
(mm)
Intermediate .
. Reddish
Do@angolla Experimental zone (I12) 20 -29 900 -1150 70-85 Brown
station (Mid country) Latasolic
M3
. Dry zone (DZ) Reddish
?;ﬁaﬂ‘:fpa”ama Sub (Low country) ~ 23-41  1000-1500 70-85 Brown
e DLI Earth
Agricultural Wet zone (WZ)
Bio-Technology Center ~ (Mid country) ~ 20-36 2132 55-90 ?gg;filiow
(Peradeniya)* WM2

*Under semi-open greenhouse conditions

Chlorophyll
spectrophotometrically determined according
to Lichtenthaler (1987). Ascorbic acid content
was determined with the specifictitrant 2, 6

content was

Dichlorophenolindo- phenol according to
Hanh et al. (2016). Leaf antioxidant content,
in the form of radical scavenging activity, was
measured by DDPH assay according to Blois

(1958) with minor modifications. In addition,
a detailed soil analysis was conducted for
each medium at each location before and
after cultivation. The data were statistically
analyzed with SAS software (SAS Institute,
Cary, NC) and Duncan’s multiple range test
was used for pairwise comparison.
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Results and Discussion

Theresults ofthesoil analysisrevealed thattotal
Nitrogen, available Phosphorus, exchangeable
Potassium, electrical conductivity (EC), soil
pH, and Cation Exchange Capacity (CEC)
of the media in three locations were within
the levels favorable for crop cultivation.
Although the zones were identified at the
agro-ecological region level as WM,, IM and
DL, (Table 1), hereafter, those regions will be
referred to as WZ, IZ, and DZ for clarity. As
shown in Figure 1, the Wet Zone (WZ) and
Intermediate Zone (IZ) recorded significantly
higher growth than that of the Dry Zone (DZ).
Considering the dry weight of shoots, there
was no significant (p>0.05) difference between
varieties in these two zones. However, plants
grown in media 2 and 3 in the WZ have shown
their maximum growth, whereas in the IZ, the
best growth was observed in the medium 1.
A significant (p<0.05) difference between
varieties was noted in the DZ. Of all, variety
three has recorded the highest growth in the
media 2 and 3.

Each plant species has a temperature range
in which it can grow at its best., and biomass
accumulation in the shoot (fresh mass) is
generally known to be influenced significantly
by the temperature variance (Berry and
Bjorkman, 1980). If the temperature increases
beyond the optimum level, the crop yield
losses also accelerate (Hatfield and Prueger,
2015; Lefsrud et al., 2006).

Results of the present study in the WZ and
IZ are comparable to the results of previous
studies. Comparatively, several degrees (C°)
higher temperature in the DZ may not be
optimum range for maximum growth of kale.

The leaf chlorophyll content is an index of
the photosynthetic potential and productivity
of the plant. In addition, chlorophyll gives an
indirect estimation of the plant’s health status
(Filella et al., 1995). In the present study,
leaf chlorophyll content (Figure 2) in the WZ
and DZ was reported to be higher compared
to that of the 1Z (p<0.05). All three varieties
grown in the DZ have performed well, with
a higher amount of chlorophyll in all media.
Further, the varieties grown in the IZ have
significant differences among the three media
(»<0.05). Within each location, Medium
I (M1) resulted in the highest chlorophyll
content. This may be because of the high
amount of N, P, K levels present in the existing
soil, which directly relates to the amount of
chlorophyll in leaves, as Zhang et al. (2017)
explained.

Ascorbic acid (AsA) level is an important
quality parameter in kale crops (Fiutak &
Michalczyk, 2020). According to Sikora and
Bodziarczyk (2012), average Ascorbic acid
content in kale is 62.3 mg/100 g. Results of the
present experiment revealed that AsA content
in the WZ was significantly (p<0.05) higher
than that of the IZ and DZ (Figure 3). Within
the 1Z and DZ, media had a significant
effect (p<0.05) on the AsA content. The
highest AsA content was recorded in variety
3, irrespective of the location. According
to Lee & Kader (2000), AsA content in
horticultural crops can be influenced by many
factors such as pre-harvest climatic factors,
genotypic differences, and cultural practices.
The reduction in the AsA content in the DZ
could be because of the lower light intensities
experienced during the experimental period
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due to the cloud cover. Fiutak & Michalczyk
(2020) have demonstrated that a higher light
intensity during the cropping period increases
the content of AsA in plant tissues.

Conclusions

Both Chinese kale and curly kale can be
successfully grown in the WM,, IM, and
DL, regions with the existing soil in-site,
without any soil amendment. The leaf yields,
ascorbic acid contents, and the antioxidant
activity in leaves are comparable to the
values reported elsewhere. Although the
yields are lower in the Low-Country Dry
Zone, perhaps due to the high temperature
and the low light intensities experienced
during the experimental period, with possible

Figure 1.

manipulations of the environment (Fiutak &
Michalczyk, 2020), Kale can be a potential
crop even in the Dry Zone (at least for DLI)
of Sri Lanka. Significantly (p < 0.05) different
among locations, the levels are well within the
previously reported levels (Figure 4). The DZ
resulted in the highest amount of antioxidant
levels compared to those of the IZ and WZ.
There was a media effect on the antioxidant
content both in the WZ and DZ.

According to the findings, both Chinese kale
and curly kale seem to be potential crops
to be cultivated in all three climatic zones.
However, to generalize to the whole country/
climatic zones, further experiments are needed
in the other agro-ecological regions.

Shoot dry matter accumulation in Chinese Kale (V1), Dwarf green curled Kale (V2) and
Winterbor F, curly Kale (V3) grown in existing soil in-site (M1), sand: coir dust (M2) and
soil: sand: coir dust (M3) at all three locations (WM, IM, and DL ,as depicted by Wet zone,
Intermediate zone and Dry zone respectively). MeanstSEM are shown (n=>5). Means with
the same letter on the bars within the experiment are not significantly different (p<0.05). The

gray horizontal box in the background represents the range of shoot dry weight reported in

previous studies (author compilation).
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Figure 2.

Changes of leaf Chlorophyll content in Kale in three locations (see Figure 1 for details).
Means with the same letter on the bars within the experiment are not significantly different
(p<0.05)
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Figure 3.

Changes of Ascorbic acid content in Kale in three locations (see Figure 1 for details)
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Figure 4.

Changes of Antioxidants level in Kale in three locations (see Figure 1 for details). Means

with the same letter on the bars within the experiment are not significantly different (p<0.05).
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