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Abstract

Purpose: Soil nutrient depletion is an endemic factor that constitutes one of the greatest limitations to crop pro-
duction in the tropics. Identifying high yielding kale varieties that thrive best with the most cost-effective ferti-
lizer type can help meet the nutritional deficits of most families in Africa in line with WHO recommendations.
The propose of this study was to determine the effect of fertilizer type and variety on growth, calcium (Ca), iron
(Fe), and vitamin concentrations of kale.

Method: Two kale varieties, curly and lacinato, and three fertilizers, 200 kg ha* NPK 20:10:10 (NPKzq), 16 t
ha poultry manure (PMys), and 100 kg ha* NPK 20:10:10 + 8 t ha poultry manure (NPK00+PMs) were evalu-
ated in a 2x3 factorial in randomized complete block design (RCBD) with 3 replications. Data collections were
based on selected agronomic, vitamins, and minerals parameters.

Results: Fertilizer type, variety and their interaction significantly affected (p<0.05) agronomic traits, minerals,
and vitamin contents of kale. PM;¢ influenced the most significant increases in plant height, leaf number, Ca,
Fe, and vitamin-A concentrations whereas, NPKig+PMg treated plants recorded higher leaf area and weight.
Curly variety showed superiority in leaf area, leaf weight, Fe, and vitamin-A whereas, lacinato was higher in
plant height, leaf number, Ca, vitamin D and E. Lacinato variety on NPKxg treatment was highest in Ca, vita-
min D and E concentrations while curly variety on PMis was highest in Fe and vitamin A.

Conclusion: PM3g and NPK10+PMg best improved growth, mineral and vitamin concentrations in kale and were
therefore recommended for use.
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Introduction sprouts (Rodriguez-Mendoza et al. 2021). Unlike

cabbage that forms a regular component of house-

Kale (Brassica oleracea var. Acephala) is grown as a
leafy vegetable belonging to the Brassicaceae family

with cabbage, cauliflower, broccoli and brussels
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hold meals in Nigeria, kale is unknown in most parts
of the country, limiting its production to only a few
locations within the country.

The crop is loved by many because of its high nutri-
It is an excellent
source of protein (11.67%), energy (58.46 k cal 1100
g), fiber (3%) and carbohydrate (2.36%) (Emebu and

Anyika 2012), and contains a preponderance of es-

tional and medicinal benefits.
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sential phytochemicals and antioxidants such as folic
acids, flavonoids, panthothemic acid, glucosinolates,
thiamine, vitamins A-K, carotenoids, and minerals
like calcium, iron, magnesium and zinc (USDA
2016). It also plays an indispensable role in second-
ary metabolism (Reyes-Munguia et al. 2017).

Kale has been used in years past both as prophylactic
and curative medicine in management of several
health related conditions like obesity, yeast infec-
tions, breast engorgement, constipation, and rheuma-
tism (Duma et al. 2014). Reduced risks of cardiovas-
cular and cancerous diseases have also been correlat-
ed with high intake of green leafy vegetables (Sinde-
si etal. 2021).

Cabbage and Kale production in Africa is low ac-
counting for only about 5.5% of global production
(FAOSTAT 2020), necessitating a need to improve
its production due to its enormous nutritional and
health benefits with a view to providing alternative
sources of plant derived minerals and vitamins to all.
However, one major limiting factor in Africa and in
particular southeast Nigeria is the problem of soil
fertility decline. Southeast Nigeria soils are known to
be low in soil fertility (Nkwopara et al. 2020), with
nitrogen, the most critical element in vegetable crop
production (Aguilar et al. 2017), mostly falling be-
low the critical level (Nkwopara et al. 2020). This
low soil fertility status has been largely implicated on
the leaching of basic cations, and accumulation of
acidic radicals as a consequence of the characteristic
coarse textured nature of its soils, in addition to the
high rainfall amounts of the zone (Nkwopara et al.
2020).

The application of supplemental fertilizer has been
used over time to raise the fertility status of the soil
to a level that will enhance crop growth. However,
literature searches on the growth performance, min-
erasl and vitamins concentration of kale because of
organic and inorganic fertilizer types are non-existent

within the region. Knowledge of the fertilizer man-
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agement that could enhance growth and nutritional
value of kale could be vital in combating nutrient
deficiency syndromes in line with the WHO (WHO
2009) recommendations. The objective of this study
was to investigate the effect of organic, inorganic,
and combined fertilizer applications on growth per-
formance, minerals and vitamin concentration of two
kale varieties in Awka, tropical rainforest climate.
Studies conducted outside the region have reported
significant improvement in growth, phytochemicals,
and minerals concentration of the crop with supple-
mental fertilizer application. Gebre et al. (2018) re-
ported significant increase in plant height, leaf num-
ber, leaf area, shoot weight, and beta carotene con-
tent of kale in Ethiopia with application of bioferti-
lizer. Peireira et al. (2020) observed a significant
improvement in plant height, stem diameter and leaf
number of kale with combined application of 180 g
bovine manure and 8 g rock powder, while 120 g
bovine manure and 12 g rock powder favored the
development of larger leaf sizes. In a related study,
Rodriguez-Mendoza et al. (2021) found 13% higher
leaf number production with soil and foliar applica-
tion of vermicompost compared to soil and foliar
application of mineral fertilizer. Emebu and Anyika
(2012) reported comparatively higher levels of calci-
um in kale leaf than the recommended dietary allow-
ance by FAO and WHO.

Materials and methods

Experimental site

The research was conducted at the Department of
Crop Science and Horticulture, Nnamdi Azikiwe
University, Awka, Anambra State, Nigeria between
July 2019, and July 2020. The University is located
between latitude 06°14'N and longitude 07°07'E with
average temperature and rainfall of 30°C and 1828

mm per annum, respectively. Awka belongs to the
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tropical rainforest climate according to the Koppen-
Gieger climate classification with predominantly
sandy (28 — 98%) and clay (0 — 72%) soil types.

Treatments and experimental design

Treatments were comprised of two factors including,
variety and fertilizer type. Two varieties of kale,
curly and lacinato, and three fertilizer types, 200 kg
ha? NPK 20:10:10 (NPKzg), 16 t hal poultry ma-
nure (PMys), and 100 kg ha* NPK 20:10:10 + 8 t ha't
poultry manure (NPK100+PMs) were designed as a 2
x 3 factorial to give six treatment combinations.
Seeds were sown under shade in seed trays contain-
ing a medium of topsoil, poultry manure and river
sand in a 3:2:1 ratio for 3 weeks. Vigorous and uni-
form seedlings were then transplanted to the field on
raised beds at a spacing of 0.5 x 0.5 m within each
plot of size 3 m?. The experimental design was a 2 x
3 factorial in randomized complete block design with
three replications. The application of Fertilizers was
8 days after transplanting (DAT) and plots were kept
away from pests using a combination of physical net
and neem extract solution. Manual weeding with hoe

was done to protect plots from weeds.

Analysis of soil and poultry manure

Soil particle size distribution, pH, organic matter,
organic carbon, total nitrogen, exchangeable bases,
exchangeable acidity and available phosphorus were
determined following the standard procedures used

by (Ihejiofor et al. 2020) as follows:

Determination of particle size distribution of soil

Particle size distribution was determined using
Bouyoucus hydrometer method (Bouyoucos 1962).
50 g of the air-dry sieved soil was weighed into a

dispersion cup, 20 ml of 5% sodium hexametaphos-
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phate (calgon) and 200 ml of distilled water were
added and the suspension was stirred for 5 minutes
with a mechanical stirrer. The suspension was later
transferred from the cup into the glass cylinder and
made into the 1000 ml of distilled water. The top of
the cylinder was covered with the hand and the sus-
pension shaken from end to end 50 times. The cylin-
der was set down and after 40 seconds, the first read-
ing on the hydrometer was taken. The temperature
was also recorded. The second reading was taken
after two hours. The percentages of sand, silt and
clay were determined.

First hydrometer reading = concentration of silt +
clay particles

Second hydrometer reading = concentration of clay

particles

Temperature correction at 1 minute and 2 hours
0.3(T — 20)°C = Xg Lt
% silt + % clay =

(Temperature correction factor +

Conc. of siltand clay)/(50 g) x 100/1
weight of oven dry sand (g) 100

50g X 1

% sand + % silt + % clay = 100
The textural class of the soil was determined using
the USDA textural triangle (NSSC 1995).

% sand =

Soil pH determination

Soil pH was determined using the procedure of Black
(1965). 10 g of air-dried soil (< 2 mm fraction) was
weighed into 50 ml beaker while 10ml distilled water
was added to form 1:1 ratio. The shaker was used to
stir the mixture for 10 minutes. The electrode was
inserted into the suspension and the reading was tak-

en after the pH had been standardized.

Determination of exchangeable bases

Two grams of air-dried soil was included to 50 ml

beaker. 20 ml of Neutral normal Ammonium acetate
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in (NH4OAC) pH was added and shaken on the me-
chanical stirrer for 10 minutes and later filtered with
filter paper. The filtrate was taken to the flame pho-
tometer to determine K and Na (Ford 1954); while
Ca and Mg were determined using Atomic Absorp-
tion Spectrophotometer (AAS).

The calculation of exchangeable bases were as fol-
lows:

mg kg in solution = R x gf

Where,

R is reading on flame photometer or absorption spec-
trophotometer; gf is graph factor; mg kg™ in soil is

mg kg in solution x Ef x Df. Where,

Volume of final extractant

Ef is Extraction Factor =

Volume of extractant
Exchangeable base (meq 1007 g of soil) = mg kg™ in
soil x 10
Total exchangeable bases (TEB) = meq of Ca + Mg
+ Na+ K

Determination of organic Carbon (OC)

Organic carbon was determined using the Walkey
and Black procedure (Walkey and Black 1934). 0.5 g
of air-dried soil was weighed into a 500 ml conical
flask. 10 ml of 1.00 NK2Cr207 was added to the flask
from a burette and mixed by swirling. 20 ml of con-
centrated H.SO4 was added and mixed vigorously for
1 minute and then allowed to stand for 30 minutes.
The solution was diluted using 200 ml of distilled
water, 3 drops of orthophennotroline indicator was
then added. Blank solution was prepared following
the same procedure but without the sample. The two
solutions were titrated to a fine red end point with 0.5
N ferrous ammonium sulphate.

Equation of reaction:
2Cr,07 + 3C + 16H*
+ H,0

— > HCP + 3CO;

. Volume of K
% OC was calculated using: Y = W;zm
0.03x100x1.33

Weight of sample
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% OC = (Blank titre — Sample titre)
Organic matter of the soil was obtained from OC by
multiplying with the conventional ‘Van Bemmelar

factor’ of 1.724.

Determination of available Phosphorus

Available P was determined using Bray P-1 proce-
dure (Bray and Kurtz 1945). 2.0 g of sample was
weighed into each cup, 20 ml of Mehlich solution
(extractant) was added and the suspension shaken for
10 minutes. The soil was filtered. 5 ml of the clear
supernatant was pipetted into a 50 ml volumetric
flask and 30 ml Reagent ‘B’ prepared by dissolving
1.50 g of ascorbic acid in 200 ml of Reagent ‘A’
which is a mixture of 12 g ammonium molydate in
250 ml distilled water and 0.29 g antimony phospho-
rus tartrate plus 1000 ml of 5N H,SO.. It was done
until the blue color developed. The available phos-
phorus was determined with the aid of supertonic 70

on wavelength of 882 nm spectrophotometer.

Determination of Nitrogen (N)

Nitrogen was determined following Kirk (1950). 0.5
g of air-dried soil sample was weighed into a dry
macro kjedahl flask, one selenium tablet was added,
10 ml of concentrated sulfuric acid was also added,
and the samples were heated on the digestion stand
for 5 hours until digestion was complete. Chemical
decomposition of the sample was complete when the
initially very dark colored medium had become clear
and colorless. The samples were removed from the
digestion stand and then left to cool. The digest was
made up to 50 ml and then put into sample cups. Dis-
tillation: 5 ml of boric acid was weighed into Erlen-
meyer flask and placed under the end of the conden-
ser of the distillation apparatus. 5 ml of the digest
solution was then distilled with 5 ml of sodium hy-

droxide in the distillation flask by opening the funnel
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stop-cork. The condenser was kept cool by allowing
sufficient cold water to flow through and regulate
heat to minimize frothing and prevent suck-back.
The ammonium salt which converted to ammonia
giving a green colored solution (distillate) was col-
lected for each sample that was distilled.

Titration: 50 ml of distillate was titrated with 0.01M
HCI. The ammonia reacted with acid. There was a
colour change from green to pink. A blank sample
was also provided using the same procedure but
without soil sample.

Computation of nitrogen (%N) was as: % N =

(T-B)x14.01x0.01INx100x 10
Weight of soil sample x 10000

Data collection

Data were collected on plant height, leaf number
(Plate 1), leaf area, fresh leaf weight, calcium, iron,
and vitamins A, Bs, C, D and E. Plant height and leaf
number were determined following standard proce-
dures according to (Ihejiofor et al. 2020, 2022). Leaf
area was determined from 3-5 fully expanded leaves
using LI-3100 leaf area meter. Fresh leaf weight
(FLW) was determined using TS200 electronic com-
pact scale. Freshly harvested leaves were sorted,
washed with clean water to remove dirt and other
contaminants, rinsed with clean water, packaged in
clean white polythene nylon, labeled, and taken to
the laboratory for analysis. The leaves were crushed
in a ceramics mortar to homogenize the sample and

fresh sample were analyzed.

Determination of vitamins

Vitamin A, Bz, D and E were determined by calori-
metric method according to the procedures used by
(Okonwu et al. 2018a, 2018b). Vitamin C was de-
termined by the titrimetric method following the pro-
cedures adopted by (Okwu 2004).
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Statistical analysis

Data were assessed for significance using analysis of
variance and significant means were separated using
Duncan’s multiple range test with the aid of Genstat
discovery 10.3 DE. Graphs and charts were con-

structed using Graphpad prism 6.

Plate 1. Schematic representation of the growth stag-

es of Kale Production

Results and discussion

Physicochemical properties of soil and poultry

manure

The result of the particle size distribution of sample
soil shows that the textural class of the soil is sandy
loam (Fig. 1). Result of the chemical soil and poultry
manure analysis is shown in Table 1. The soil pH and
poultry manure were slightly acidic. Soil organic
matter, organic carbon, total N, P and K were low,
with N falling below the critical value (2.75%). In
contrast, poultry manure contains high amounts of

organic matter, organic carbon, Total N, P and K.
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Fig. 1 Particle size distribution of soil

Table 1. Chemical properties of soil and poultry ma-

nure
Properties Soil PM
pH in H.0 6.56 6.30
%0Organic carbon 0.78 26.60
%Organic matter 1.34 45.75
%Total Nitrogen 0.07 3.89
Available P (mg kg™?) 3.63 2140.05
Exchangeable Bases (cmol kg™?)
Sodium (Na) 0.14 0.63
Potassium (K) 0.18 0.80
Calcium (Ca) 2.40 125.00
Magnesium (Mg) 1.60 55.00

PM = poultry manure

Particle size distribution (PSD) is an important soil
parameter affecting root growth and development
since plants tend to grow well in well aerated and
well-drained soil, with good water holding capacity
and aggregate stability (Maselesele et al. 2022). The
PSD of the soil showed that the soil textural class
was sandy loam and suitable for kale production
(Fig. 1). Pre-planting soil chemical analysis revealed
very low amounts of organic matter, percent N, P and
K. Soil nitrogen in particular was below the critical
level which agrees with (lhejiofor et al. 2020), how-
ever, the low nutrient status of the soil was adequate-
ly compensated for by the corresponding higher lev-

els in the poultry manure (Table 1).
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Main effect of fertilizer and variety on growth

performance of Kale at 6 WAP

There was no significant effect (p>0.05) of fertilizer
type on plant height and leaf number of kale (Fig. 2).
However, leaf area and fresh leaf weight showed
significant difference (p<0.05) (Fig. 3). Larger leaf
area (248 cm?) and weightier leaves (94 kg ha') were
recorded in plants that received a combination of
poultry manure and NPK, followed by plants receiv-

ing only poultry manure.

Il NPK,,, Bl PM,; Bl NPK,;,+PMy

40 -
304
204

109

Plant Height (cm) Leaf Number

Fig. 2 Main effect of fertilizer on plant height and
leaf number of Kale at 6 WAP

Columns are mean values and bars represent standard de-
viations. Bars with different alphabets are significantly
different at p<0.05

Il NPK,q, B PM,;; W NPK,  ,+PMg

3007

200 1

1004

Leaf Area (sz)

Fresh Leaf Weight
(kg ha'™)

Fig. 3 Main effect of fertilizer on leaf area and fresh
leaf weight of Kale at 6 WAP

Columns are mean values and bars represent standard de-
viations. Bars with different alphabets are significantly
different at p<0.05
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Plants receiving only NPK produced the least leaf
area (112 cm?) and leaf weight (27 kg hal). Variety
significantly affected plant height, leaf number and
FLW (Fig.4). Lacinato variety produced the tallest
plant (29.87 cm) and the highest leaf number (24.60).
However, it was curly variety that produced the
highest FLW (90.00). Variety did not affect the leaf

area of kale.

B Lacinato

Il Curly

250 1

2004

150 9

100 9

Pla_nt Leaf Leaf Le_af
Height Number Area Weight
(cm) (cm?) (kg ha 1)

Fig. 4 Effect of variety on growth and leaf yield of
kale

Columns are mean values while bars represent standard
deviation. Bars with different alphabets are significantly
different at p<0.05

Plant height, leaf number, leaf area and leaf weight
are important phenotypic traits applied to discrimi-
nate between contrasting genotypes and environmen-
tal responses of plants. The effect of fertilizer type on
plant height and leaf number followed a definite pat-
tern. PMys affected the tallest plant and the highest
leaf number than NPKi0+PMg and NPK treatments
(Fig. 2) which could be explained by the higher con-
centrations of N, P, and Ca in the poultry manure
which could have resulted in better light absorption,
faster root development and cell elongation in addi-
tion to the vital role of organic matter in improving
soil physical conditions. Gebre et al. (2018) also re-
ported significant increase in plant height and leaf

number with application of biofertilizer in Ethiopia
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while Rodriguez-Mendoza et al. (2021) reported 13%
increase in leaf number with supplemental applica-
tion of vermicompost as against mineral fertilizer.
Leaf area and FLW were significantly higher
(p<0.05) in NPKig+PMsg than either of PMis or
NPK2oo (Fig. 3).This trend might be attributed to the
enhanced N concentration provided by the mix of
poultry manure and NPK which influenced vigorous
vegetative growth in contrast to sole applications.
This finding is in agreement with Yeshiwas (2017)
who reported increase in leaf length and width with
application of N-fertilizer, and Mebrahtu and Solo-
mon (2018) who found higher leaf number in plants
that received combined application of 112.5 kg urea
+ 0.875 t of farm yard manure.

The effect of variety on growth performance of kale
showed a sharp contrast between curly and lacinato
variety. Plant height and leaf number were higher in
lacinato than in curly. However, it was curly variety
that recorded the largest leaf area and weightiest
leaves (Fig. 4). The variation in growth performance
of the two kale varieties suggests considerable genet-
ic distance between them as a function of different
ancestry. Similar findings have previously been re-

ported in cassava by Ukwu and Olasanmi (2018).

Interaction effect of fertilizer and variety on
growth performance of Kale at 6 WAP

There was no interaction between fertilizer and varie-
ty on growth and leaf yield of kale. Both curly and
lacinato varieties responded in an equivalent way to
the different fertilizer types. Interaction of PMs and
lacinato gave insignificantly the tallest plant (32.48
cm) and highest leaf number (27.80) (Fig. 5) but did
not translate into the largest leaf sizes or weightiest
leaves which was recorded by the interaction of
NPKi00+PMs and curly variety with 285.45 cm? and
113.52 kg ha?, respectively (Fig. 6). The non-
significant interaction effect of fertilizer type and

variety as shown in Figs.5 and 6 indicated that the
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responses of the varieties were similar across the
different fertilizer types which inferred stability. Va-
rietal stability across environments is an indispensa-
ble parameter in plant breeding that guarantees
against crop failure when a genotype is grown in

contrasting environment.

Bl NPK,q, Il PM,; B NPK, ,+PMy
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104
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) x> Q x>
N é’\«\'b N éé\b
2 S

v
Plant Height (cm)

v
Leaf Number

Fig. 5 Interaction effect fertilizer and variety on plant
height and leaf number of Kale
Columns are mean values while bars represent standard

deviation. NS = no significant difference

EEN NPK,,, Bmm PM,, BBl NPK ,,+PM4
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200 1
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—_—
100 -
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& > Q N
N N
@ Ny O N
’bg\ 'Zro\
v v

Leaf Area (cmz) Leaf Weight (kg ha'l)

Fig. 6 Interaction effect fertilizer and variety on leaf
area and fresh leaf weight of Kale

Columns are mean values while bars represent standard
deviation. NS = no significant difference

Main effect of fertilizer and variety on calcium,

iron and vitamin concentration of Kale

Fertilizer type significantly affected (p<0.05) calci-

um, iron, and vitamins A, D and E concentrations of
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kale but did not affect vitamin B; and C concentra-
tions (Table 2). PMys resulted in the highest calcium
(8.60), iron (0.52) and vitamin A (8.94) content of
kale. Crops receiving combined NPK00+PMg record-
ed similar vitamin A (8.84) with crops on PMig
treatment. Combined NPKy0+PMg recorded the least
calcium (3.07) content while crops on the NPKjg
treatment recorded the lowest amount in iron (0.18)
and vitamin A (6.10). Vitamins D (21.37) and E
(351.4) were indicated the highest level in crops re-
ceiving NPKys in contrast to those receiving com-
bined NPKi00+PMsg which showed reduced amounts
of vitamins D (9.84) and E (77.42). Iron and vitamin
A were higher in curly variety (0.31 and 8.15, re-
spectively) while calcium and vitamins D and E were
higher in lacinato variety (7.35, 17.68 and 254.91
respectively). There was no significant difference
(p>0.05) in vitamins B3 and C concentration of both

varieties.

Interaction effect of fertilizer type and variety on

calcium, iron and vitamin concentration of Kale

The responses of curly and lacinato varieties to dif-
ferent fertilizer types are shown in Table 3. Signifi-
cantly higher (p<0.05) levels of calcium (9.86), vit-
amin D (32.40) and vitamin E (609.89) were reported
in curly crops receiving NPKazgo than the rest where-
as, it was curly crops on PMss that recorded the high-
est iron (0.58) and vitamin A (10.54) concentrations.
The responses of both varieties across fertilizer types
were similar for vitamins Bs and C.

The significant increase in Ca and Fe concentrations
of kale as a function of PMye relative to NPK00+PMsg
and NPKzp could be implicated on high calcium
amount of the poultry manure used which released
adequate quantities for plant uptake through the
roots. The amount of Ca in PMy treated plants (8.60
mg kg?) was higher than what was earlier reported
(0.41 mg kg*) by Emebu and Anyika (2012), but Fe
(0.52 mg kg™) was lower (0.89 mg kg™), respective-
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ly. Ca and Fe are important minerals for health and
wellbeing (Agogbua et al. 2022). Ca is an essential
component in the formation of bones and teeth while
Fe plays vital roles in oxygen circulation within the
body, normal brain functioning and building a formi-
dable immune system. The substantive high concen-
tration of Ca in kale could be of therapeutic benefit

especially in patients suffering from osteoporosis

(Emebu and Anyika 2012). Variation in vitamins
concentration of kale as a function of fertilizer types
was significant (p<0.05) (Table 2).

PMis and NPKig+PMg comparably increased vita-
min A concentration relative to NPKzg. However, it
was NPKzq that influenced the highest concentration
of vitamin D and E. Vitamin B3 and C were unaf-

fected by fertilizer type or variety.

Table 2. Main effect of fertilizer and variety on calcium, iron and vitamin concentration of Kale

Treatment Minerals (mg kg?) Vitamins (mg kg)

Calcium Iron A Bs C D E
Fertilizer
NPK 8.27+0.71b  0.18+0.35c 6.01+1.06b  0.03+0.07a 2182.40+212.1a 21.37+2.12a 351.40+14.12a
PM 8.60+0.71a  0.52+0.35a 8.84+1.06a 0.03+0.07a 2190.20+212.1a 11.68+2.12b 126.96+14.12b
Combined 3.0740.71c  0.19+0.35b 8.94+1.06a 0.03£0.07a 2183.30+212.1a 9.84+2.12c 77.42+14.12¢
Variety
Curly 5.944+0.58b 0.31+0.03a 8.15+0.87a 0.03+0.006a 2180.40+173.2a 10.94+1.73b 115.61+11.55b
Lacinato 7.35£0.58a 0.29+0.03b 7.71+0.87b  0.03+0.006a 2184.20+173.2a 17.68+1.73a 254.91+11.55a

Three fertilizer types (NPK = 400 kg ha-1 of NPK 20:10:10; PM = 8 t ha-1 of poultry manure; Combined = 200 kg ha-1 of

NPK 20:10:10 + 4 t ha'! of poultry manure). Means and standard errors are shown. Means with different alphabets in corre-

sponding columns are significantly different at p<0.05

Table 3. Interaction effect of fertilizer types and variety on calcium, iron and vitamin concentration of Kale

Treatments Minerals (mg kg) Vitamins (mg kg%

Fertilizer Variety Calcium Iron A B3 C D E
NPK Curly 6.69+1.0d  0.33+£0.49% 5.14+15f 0.03%0.01a 2190.10+300a 10.34+3.0d  92.91+20c
NPK Lacinato 9.86+1.0a  0.04+0.49d 6.88+x1.5e  0.03+0.0la 2174.80+300a 32.40+3.0a 609.89+20a
PM Curly 9.85+1.0b  0.58+0.49a 10.54+1.5a 0.03£0.0l1a 2187.90+300a 14.02+3.0b  191.43+20b
PM Lacinato  7.34+1.0c  0.45+0.49b 7.14+15d 0.04%£0.01a 2192.40+300a  9.34+3.0e 62.50+20d
Combined Curly 1.27+1.0f  0.01+0.49f 8.76x1.5c  0.03+0.0la 2181.10+300a  8.45+3.0f 62.50+20d
Combined Lacinato  4.85+1.0e  0.38+0.49c 9.11+15b 0.03#0.0l1a 2185.60+300a 11.23+3.0c  92.35+20c

Three fertilizer types (NPK =400 kg ha-1 of NPK 20:10:10; PM = 8 t ha-1 of poultry manure; Combined = 200 kg ha-1 of

NPK 20:10:10 + 4 t ha' of poultry manure). Means and standard errors are shown. Means with different alphabets in corre-

sponding columns are significantly different at p<0.05

The relatively high amount of vitamin A in kale
could be a viable alternative to combating vitamin A
deficiency in Nigeria by encouraging incorporation
of kale in Nigerians diet, which corroborated the re-
port of Aniedu and Omodamiro (2012). Vitamin D is

essential for the development of strong bones and
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teeth while vitamin E is an integral part of the cell
antioxidant defense mechanism, playing an important
role in preventing disease conditions such as cata-
racts, cancer, arthritis and aging (Rizvi et al. 2014).
Curly and lacinato varieties varied in minerals and

vitamins concentration. Curly variety showed superi-
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ority for Fe and vitamin A while lacinato was superi-
or in Ca, and vitamins D and E. This variation could
be implicated on premise that the varieties are distant
relatives, hence, genetically variable (Ukwu and
Olasanmi 2018). The interaction between fertilizer
type and variety revealed that lacinato variety on
NPK20o treatment was highest in Ca, and vitamin D
and E concentrations while curly variety on PMsg
was highest in Fe and vitamin A, thus suggesting that
the two varieties have different fertilizer preferences

for specific traits.

Conclusion

This study was able to ascertain that fertilizer type,
variety and interaction of fertilizer and variety affect-
ed growth performance, leaf weight, minerals, and
vitamin concentrations of kale vegetables. PMjis
treated plants recorded the tallest plants, highest leaf
number, Ca, Fe, and vitamin A concentrations.
NPK100+PMs treated plants recorded the largest leaf
area and leaf weight while plants on NPKap were
superior in vitamins D and E. Curly variety showed
superiority in leaf area, leaf weight, Fe and vitamin A
whereas lacinato was higher in plant height, leaf
number, Ca, vitamin D and E. Vitamins Bz and C
concentrations were unaffected by fertilizer or varie-
ty. The interaction effect of fertilizer type and variety
revealed that lacinato variety on NPK3zy treatment
was highest in Ca, and vitamin D and E concentra-
tion while curly variety on PM3s was highest in Fe
and vitamin A. The confirmation of substantive
amounts of Ca and Fe minerals, and vitamins A, B,
C, D and E in kale give credence to earlier reports on
its capacity to combat diverse health related diseases
such as obesity, yeast infections, breast engorgement,
constipation, rheumatism cancer, cataracts, osteopo-
rosis, arthritis, and night blindness through a buffered
immune system. The variation in the nutritional

composition of the two varieties is a call for im-
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provement through hybridization or gene introgres-

sion.
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