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Abstract-

 

Hibiscus sabdariffalinn (sorrel) is an annual plant 
belonging to the family malveceae. It has great potential and 
high economic value especially in the food, pharmaceutical, 
textile, cosmetic and paper industries. This work was designed 
to improve the

 

yield and productivity of sorrel. Soil samples 
were collected from the University of Maiduguri Agricultural 
Research farm. Fertilizer treatment application and seed 
sowing were carried out. Weekly measurements of growth 
parameters including plant height, stem girth, number of 
leaves per plant and number of branches per plant were 
observed. Physicochemical composition of pre-treated soil 
and the chemical composition of the post-treated soils were 
determined by standard methods. Vitamin A contents of the 
calyces were determined by HPLC, Vitamin C contents of the 
calyces were determined by 2,6-dichloroindophenol titrimetric 
method,

 

mineral contents (P, K, Na, Ca, Mg, Zn and Fe) of the 
calyces were determined by Atomic Absorption Spectroscopy 
(AAS). The results

 

for vitamins A and C showed treatments 
involving 1/2NPK+10CD (0.78µg/g) and 0NPK+20CD 
(2.07µg/g) produced the highest calyx contents of vitamins A 
and C respectively. Treatments involving fullNPK+10CD 
(0.22mg/g), 0NPK+30CD (4.87mg/g), 1/2NPK+30CD 
(538.00mg/g), 1/2NPK+30CD (0.92mg/g), fullNPK+30CD 
(0.67mg/g), 1/2NPK+10CD (1.42mg/g) and 1/2NPK+20CD 
(0.29mg/g) produced the highest calyx contents of 
phosphorus, potassium, sodium, calcium, magnesium, zinc 
and iron respectively. From the study, fertilizer application has 
greatly increased the yield and productivity of both growth and 
biochemical parameters thus, fertilizer treatment is necessary 
for improving the quantity and quality of a plant and its 
products.

 
Keywords:

 

fertilizer, organic, inorganic, vitamins,

 
minerals, sorrel, soil.

 I.

 

Introduction

 orrel (Hibiscus Sabdariffa

 

Linn) is a shrub 
belonging to the family Malvaceae (Mahadevan

 

et

 
al., 2012). It is an annual shrub cultivated in sub-

tropical and tropical zones (Kosakowskaet al., 2005) for 
its stem fibres, edible calyces, leaves and seeds. Sorrel 
is resistant to relatively high temperatures throughout 
the growing and fruiting period (Tommes, 1990). Sorrel 
is a short- day crop with a critical photoperiod of 12 to 
12.5 hours, and progresses best in hot, dry regions with 
a high humidity and temperature of about 250C to 350C 
(Hacket

 

et al., 1982). The leaves are consumed as a 
green cooked vegetable especially in soups (Fasoyiro

 

et 

al., 2005) while the stems are a source of pulp for the 
paper industry (Small et al., 1991). The red acid 
succulent calyces are boiled with sugar to produce 
sorrel drink. Oil is extracted from the seeds and the 
residue is usually used in a fermented form as soup or 
cake (Aliyu, 2000). The most exploited part of a sorrel 
plant is its calyces which may be green, white, red and 
dark red (Schippers, 2000). The red calyces contain 
antioxidants including flavonoids, gossypetine, 
hibiscetine and sabdaretine (Qi et al., 2005). They are 
also rich in vitamins and minerals such as riboflavin, 
ascorbic acid, niacin, carotene, calcium and iron that 
are nutritionally important (Mahadevan, 2009) as well as 
amino acids and mineral salts (Cissi’e et al., 2009). 

Vitamins and minerals are vital nutrients in 
human and animal nutrition. Vitamins are indispensable 
to perform various tasks within the human body in order 
to promote optimal health and prevent various diseases. 
Although, vitamins are required in minimal quantities, 
these quantities cannot be synthesized by the human 
body, hence, they rely on easily available animal and 
plant sources for replenishment. Vitamins have diverse 
biochemical functions. Some, such as vitamin D, have 
hormone- like functions as regulators of cell and tissue 
growth and differentiation (such as some forms of 
vitamin A). Others function as antioxidants (vitamin E 
and sometimes C) (Bender, 2003). The largest number 
of vitamins, the B complex vitamins, function as enzyme 
co-factors (coenzymes) or their precursor. 

Minerals are indispensable part of a complete 
diet of animals. They serve as structural components of 
body tissues, they are involved in maintenance of acid-
base balance and regulation of body fluids, in transport 
of gases and in muscle contractions. Minerals are 
chemical elements required as essential nutrients by 
organism to perform functions necessary for life. 
(Berdanier et al., 2013). Most of the minerals in a human 
diet come from plant and animal sources or from 
drinking water. From the above, the importance of 
vitamins and minerals cannot be overemphasized and 
hence, this work was designed to investigate the effects 
of fertilizer application on some vitamins and mineral 
contents of sorrel (Hibiscus sabdariffa). 
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II. Materials and Methods 

a) Chemicals 
All chemicals used for the analysis were of 

analytical grade and were purchased from Guangdong 
Guanhua Science Tech. Co. Ltd, Shantou china. 

b) Soil collection and Preparation 

Soil sample was collected from the University of 
Maiduguri Agricultural research farm, located in 
Maiduguri, at a depth of 0-20cm from ground surface. 
The soil was sieved using a 2.0mm mesh sieve to 
remove stones and debris. Soil sample was 
homogenized and weighed. Eight-kilogram (8kg) soil 
was put into 5litre plastic pot. A total of 36 plastic pots 
divided into 12 treatments were used. The 
physicochemical composition of the soil was 
determined before treatment application using standard 
procedures which involved Kjeldahl method (Kjeldahl, 

1982) for total nitrogen, pH and electrical conductivity 
(EC) by pH meter and EC meter, soil organic carbon 
(OC) and organic matter by the Walkley and Blake 
(1965) method. 

c)
 

Treatment / Experimental design 
 

The experiment was a one-season pot 
experiment which comprised of 12 treatments. 
Treatments involved the application of two types of 
fertilizers to the soil sample within the

 
pot. Three levels 

of inorganic fertilizer (NPK) at 0: 0: 0, 50:30:30, 25:15:15 
kg/ha and four rates of organic fertilizer (cow dung) 
tones/ ha were used. Fertilizer application was in single 
and in combination. Organic fertilizer (cow dung) was 
applied and left to equilibrate for a period of one week 
before seed sowing was carried out. Inorganic fertilizer 
(NPK) was applied to soil sample after which seed 
sowing took place. Treatment was replicated three times 
in a Completely Randomized Design (CRD) which lasted 
for a period of 12 weeks.

 

d)
 

Seed Sowing and Measurements
 

Sorrel seeds were identified and authenticated 
as viable by a taxonomist from the faculty of Science, 
Department of

 
Biochemistry University of Maiduguri, and 

three seeds were sown per pot.
 

Various agronomic 
practices such as thinning and weeding was

 
carried out 

to enhance high yield (Babatunde et al., 2001). 
Measurements of different growth parameters were 
carried out weekly from the time of germination to the 
period of termination of experiment.

 
These growth 

parameters included: plant height, stem girth, number of 
branches per plant and numbers of leaves per plant. 
The plant height was measured with the aid of a meter 
rule, stem girth (distance around the plant) was 
measured with the help of a Verniercaliper. The number 
of branches per plant were spotted and counted as well 
as the number of leaves per plant.

 

At harvest, plants were uprooted, the stems 
were detached from the roots as well as the calyces 
from the stems, total fresh weight of stems, roots and 
calyces were measured with the help of a weighing 
balance(Gulfex Medical and Scientific England). The 
variables (stems, roots and calyces) were oven dried at 
a temperature of 65oC for 24 hours and the total dry 
weights were measured. Other variables measured 
included physicochemical composition of the post 
treated soil, some vitamins and mineral contents. 

e) Physicochemical Analysis of Post-Treated Soil 
Physicochemical analysis of the post treated 

soil (after harvest) was carried out. The analysis 
included total nitrogen, available phosphorus, soil 
organic carbon (OC), organic matter (OM), electrical 
conductivity (EC), soil pH and exchangeable cation 
(ca2+, Mg 2+, k+ and Na+).  

f) Determination of Some Vitamins (vitamin A and C) 
from the calyx 

Vitamin A was determined by the HPL 
Cmodified method (Adopted from USF 2007 volume 1). 
Standard preparation was carried out by dissolving an 
accurately weighed quantity of USP vitamin A Reference 
standard in n-hexane and diluted quantitatively, and a 
step wise to obtain a solution having a known 
concentration of about 15µg (0,015mg) of retinol acetate 
per ml. Assay preparation was carried out by 
transferring about 15mg of vitamin A ester (Retinol 
acetate or retinyl palmitate), accurately weighed to 
100ml volumetric flask, dissolved in and diluted with n- 
hexane to volume and mixed. 5.0ml of this solution was 
pipetted into a 50ml volumetric flask, diluted with n-
hexane to volume, mixed and scanned at 210nm. 
Sample preparation was carried out by dissolving 1g of 
the sample in 10ml of n-hexane, it was sonicated for 
30minutes then centrifuged at 2500rpm for 10 minutes. 
Supernatant was collected in a cuvette and scanned in a 
UV spectrophotometer at 210nm. Concentration of 
sample was calculated using bear Lambert’s law. 

Vitamin C (ascorbic acid) content of the calyx 
was determined by the 2,6-dichloroindophenol titrimetric 
method (AOAC Method 967.21).  

g) Determination of Mineral Elements (Ca, P, Fe, K, Na, 
Zn and Mg) 

Some mineral element contents of the calyx 
were determined by the standard Atomic Absorption 
Spectrophotometric method (AAS). 

Analysis of variance (ANOVA) was used to 
analyze the data with the aid of a statistical package 
statistix 10.0 Microsoft (2005). The differences between 
the treatment means were separated using the Duncan 
Multiple Range Test (DMRT) at 5% probability level. 
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III. Results and Discussion 

a) Physicochemical Properties of Pretreated Soil 
The physicochemical properties of the 

pretreated soil (prior) to experiment is presented in table 
1. The pH of the soil was basic (8.8), with an electrical 
conductivity of 0.64 dS/m. The nitrogen content of the 
soil was low (6.5g/kg). The soil has moderate amount of 
organic carbon (13.25%) and a very low phosphorus 
content (0.11mg/kg).The exchangeable cations 
recorded respective values of potassium (4.0Cmol/kg), 
sodium (0.12Cmol/kg), calcium (73.0Cmol/kg) and 
magnesium (24.0Cmol/kg). Similarly, the texture of the 
soil was loamy sand in nature which comprised of 
77.10% sand, 15.70%silt and 7.20% clay respectively. 

Application of fertilizer (organic and inorganic) 
to the soil have shown significant effects on the soil and 
biochemical parameters of Hibiscus sabdariffa Linn 
(sorrel). The soil was analyzed appropriately for pre 
(before experiment) and post (after experiment) 
physicochemical properties. The physicochemical 
properties of the post treated soil showed increase in 
the nitrogen content of the soil, as well as pH and EC. 
This is as a result of nitrogen fertilization via NPK and 
cow dung, which is in harmony with the findings of 
Khandar et al., (1986) and Harrera et al., (1987) who 
reported that fertilizer improves soil properties, water 
retention capacity, pH and better availability of micro 
nutrients.  

Table 1: Physicochemical Properties of Pre-treated Soil 

Parameter
 

 
Value

 
 

  pH (1:2:5 Soil water)

 EC (dS/m)

 OC (g/kg)

 Total N (g/kg)

 Available P (mg/kg)

 Exchangeable cations (Cmol/kg)

 K 
Na

 Ca

 Mg

 CEC (Cmol/kg)

 Particle size distribution (%)

 Sand

 Silt

 Clay

 Texture

 

8.8

 0.64

 13.25

 6.5

 0.11

 
 4.0

 0.12

 73.0

 24.0

 14.50

 
 77.10

 15.70

 7.20

 Loamy sand

 
b) Composition of Cow Dung  

The composition of organic fertilizer (cow dung) 
used in the study is presented in table 2. It was 
composed of different compositions of mineral 
elements, with nitrogen (15.5%), phosphorus 10.89%), 

calcium (3.05%), magnesium (0.57%), potassium 
(2.03%), sodium(0.54%), zinc (10.66mg/g), cupper 
(20.29mg/g), iron (5.77mg/g) and manganese 
(5.11mg/g) respectively. 

Table 2: Composition of Cow dung 

Parameter Value  
N 
P 

Ca
 Mg
 K 

Na
 Zn
 Cu
 Fe
 Mn 

15.5%
 10.89%
 3.05%

 0.57%
 2.03%
 0.54%
 10.66mg/g

 20.29mg/g
 5.77mg/g

 5.11mg/g
 

c) Chemical Properties of Post Treated Soil (After 
experiment) 

The chemical properties of the post treated soil 
(after experiment) is presented in table 3. Different rates 

of organic fertilizer (cow dung) and inorganic fertilizer 
(NPK) applied in single and in combinations, recorded 
respective values for electrical conductivity (510dS/m, 
510dS/m, 631dS/m, 437dS/m, 524dS/m, 538dS/m, 
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336dS/m, 429dS/m, 413dS/m, 430dS/m, 443dS/m and 
636dS/m) across the column from treatments 1to12 
respectively.  Similarly, respective  values for nitrogen, 
phosphorus, potassium, sodium, calcium, magnesium, 
zinc and copper were also recorded, with manganese 

(0.14mg/kg, 0.31mg/kg, 0.21mg/kg, 0.19mg/kg, 
0.20mg/kg, 0.30mg/kg, 0.19mg/kg, 0.27mg/kg, 
0.33mg/kg, 0.22mg/kg, 0.23mg/kg, 0.14mg/kg) which 
was also recorded  across the column from treatments   
1 to 12. 

Table 3: Effects of cow dung and NPK fertilizers on the chemical properties of the post treated soils 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data expressed as means; n=3; CD= Cow dung; ½ and Full NPK = 25:15:15 and 50:30:30 respectively; Means in column within 
the same treatment followed by the same letter(s) do not differ significantly at p<0.05.

 

Effects of Organic (cow dung) and Inorganic (NPK) 
Fertilizers on Some Mineral Elementsand Vitamin 
Contents of Sorrel Calyces.

 

The effects of cow dung and NPK on some

 

minerals and vitamin contents of sorrel calyces are 
presented in table4.4. The different rates of fertilizers 
applied, resulted in appreciable values of P, K, Na, Ca, 
Mg, Zn, Fe, vitamin A and C respectively. Variations 
were observed among the minerals

 

and

 

vitamin 
contents as a result of the different fertilizer rates that 
were used. Treatment involving full NPK + 0 CD (0.22 
mg/g) produced the highest contents of P and 
treatments involving 0 NPK + 10 CD (0.11 mg/g) and 
1/2 NPK + 10 CD (0.11 mg/g) recorded the lowest P 
contents of the calyces. Treatment involving 0 NPK + 30 
CD (4.87 mg/g) produced the highest K contents of the 
calyces. Similarly, treatment involving full NPK + 0 CD 
(0.83 mg/g) produced the lowest K contents of the 
calyces. Again, treatment involving 1/2 NPK+30 CD 
(538.00 mg/g) recorded the highest Na content and 
treatment involving 0 NPK + 20 CD (313.33 mg/g) 
recorded the lowest Na content. The highest content

 

of 
Ca was produced with treatment involving 1/2 NPK + 30 
CD (0.92 mg/g) while treatment involving 1/2 NPK + 10 
CD (0.21 mg/g) recorded the lowest content of Ca in the 
calyces. Treatments involving full NPK + 0 CD (0.67 
mg/g) and 0 NPK, 0 CD (0.12 mg/g) produced the 
highest and lowest Mg content of the calyces 
respectively. The table also shows treatment involving 

1/2 NPK +10 CD (1.42 mg/g) and control treatment 0 
NPK, 0 CD (0.15 mg/g) which recorded the highest as 
well as the lowest content of Zn in the calyces. In the 
case of Fe, treatment involving 1/2 NPK + 30 CD (1.14 
mg/g) recorded the highest content of Fe in the calyces 
whereas, treatment involving full NPK+ 0 CD (0.13 
mg/g) recorded the lowest content of Fe in the calyces.

 

The vitamin A and C (ascorbic acid) contents of 
the calyces are also presented in table 4.4. Variations 
were observed among the vitamin contents produced by 
the various fertilizer rates. Treatment involving 1/2 NPK 
+ 10 CD (0.78 µg/g) and the control treatment 0 NPK, 0 
CD (0.01 µg/g) recorded the highest and lowest 
contents of vitamin A in the calyces. Similarly, 
treatments involving 0 NPK + 20 CD (2.07 µg/g) and full 
NPK + 0 CD (0.50 µg/g) produced the highest as well 
as the lowest contents of vitamin C in the calyces. 

 

Similarly,

 

application of fertilizer to the soil also 
showed significant effect on some minerals and vitamin 
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Fertilizer
rates

pH
(1:2:5 
soil 

water)

EC
(dS/m)

N
(mg/kg)

P
(mg/kg)

K Na
Cmol/kgg

Ca Mg Zn Cu
mg/kg

Mn

ONPK+OCD 8.40a 510.00b 6.50g 5.00ab 5.00bcd 0.10b 64.00cd 21.00c 0.42b 2.16a 0.14e

ONPK+1OCD 9.00a 510.00b 6.60g 3.07c 3.07ef 0.12b 55.00ef 17.90d 0.37bc 0.16b 0.31ab

ONPK+2OCD 8.70a 631.00a 7.20fg 4.00bc 4.00de 0.09b    49.00g 16.00e 0.33cd 0.13b 0.21d

ONPK+3OCD 8.60a 437.00c 8.23d-g 6.00a 6.00ab 0.12b 71.00b 24.00b 0.26e 0.10b 0.19d

1/2NPK+0CD 9.00a 524.00b 7.40a 0.07d 4.67cd 0.11b 60.00de 19.00d 0.39bc 0.18b 0.20d

1/2NPK+10CD 8.40a 538.00b 8.90def 2.68c 4.20cd 0.10b 66.00bc 22.00c 0.52a 0.20b 0.30ab

1/2NPK+20CD 8.60a 336.00d 9.20cd 0.14d 5.00bcd 0.10b 48.00g 16.00e 0.41b 0.14b 0.19d

1/2NPK+30CD 9.10a 429.00c 9.40cd 0.20d 2.10f 0.07b 30.00h 10.00f 0.33cd 0.16b 0.27bc

FullNPK+0CD 8.70a 413.00c 9.00de 0.05d 5.20abc 0.08b 77.00a 26.00a 0.33cd 0.18b 0.33a

FullNPK+10CD 8.40a 430.00c 10.90c 0.16d 3.00ef 0.09b 53.00fg 8.00g 0.40b 0.21b 0.22d

FullNPK+20CD 8.40a 443.00c 13.00b 0.21d 4.00de 0.40a 48.00g 16.00e 0.30de 0.22b 0.23cd

FullNPK+30CD 9.30a 636.00a 17.50a 0.17d 6.10a 0.06b 20.00i 7.00g 0.41de 0.13b 0.14e

SEM± 0.609 16.684 0.612 0.476 0.376 0.476 1.937 0.417 0.022 0.576 0.014

contents of sorrel. Variations were observed in the 
nutrient contents of the calyces of sorrel, which has 
previously been reported by some researchers among 
whom are Ciss’e et al., (2009), who reported that the 
fresh calyces of Hibiscus sabdariffa Linn are very rich in 
mineral salts. Wong et al., (2002) also reported that the 
calyces of Hibiscus sabdariffa Linn have been found to 
be rich in vitamins. Comparably, Babalola et al. (2000) 
also pointed out that the calyces of Hibiscus sabdariffa
Linn is rich in minerals. Likewise, Amin et al., (2008) 



 

 

 

reported that the calyces of sorrel contains nine times 
more vitamin C than citrus (Citrus sinensis). Again, Jung 
et al., (2013), also reported that the calyces of sorrel is 
rich in ascorbic acid and minerals especially calcium 
and iron. The findings are also in agreement with the 
findings of Mahadevan et al., (2009) who found out that 
the fresh calyces of sorrel are also rich in ascorbic acid, 
carotenoid, calcium, iron, that are nutritionally important. 
Other researchers like Seung et al., (2000), have 
investigated and reported on the effects of fertilizer 
application on vitamins. He pointed out that fertilizers 
have influence on vitamin contents of sorrel, which is 
also in harmony with the findings of Christin et al., 
(2005), who reported that increasing fertilizer rates 
increases the concentration of carotene (provitamin A) 
of parsley. It is also in line with the findings of Biesiada 
et al., 2008, who reported that increasing nitrogen 
fertilizer increases the concentration of carotenoids in 
Lavender, which is also in uniformity with the findings of 
Zameer Khan et al., (2010) who reported that quality 
biochemical parameters like carotene and vitamin C 
contents are also affected with phosphorus and 
potassium fertilization. This finding also agrees with the 
finding of Lola, (2009), who reported that vegetables are 
rich sources of minerals with leafy vegetables being the 
most

 

sources of minerals.  

 

The concentrations of Mg, Na and Zn from the 
study carried out are high, which may be recommended 

for the consumption of this vegetable. This is so 
because Magnesium is one of the abundant ions 
present in living cells, it is involved in many essential 
metabolic reactions. Mg is an essential cofactor in 
almost all enzymatic systems involved in DNA 
processing. It is required by the adenosine triphosphate 
(ATP) synthesizing protein in mitochondria and required 
at a number of steps during the synthesis of nucleic acid 
(DNA and RNA) and proteins. Mg plays a structural role 
in bone, membranes and chromosomes (Hartwig, 
2001). Sodium is necessary for maintenance of 
electrolyte balance and fluid balance, for heart activity 
and certain metabolic functions (Pohl et al., 2013). Zinc 
is important for immune function (McCarthy et al., 1992; 
Solomons, 1998) wound healing, protein synthesis, DNA 
synthesis and cell division (Prasad et al., 1995). It is also 
required for proper sense of taste and smell 
(Heyneman, 1996; Prasad et al., 1997). It also supports 
normal growth and development during pregnancy, 
childhood and adolescence (Simmer et al., 1985; 
Fabriset al., 1995; Maretet al., 2006). Vitamin A is 
required for somatic function or systemic function,

 

reproduction (spermatogenesis, oogenesis, placental 
development, fetal and embryonic growth) and for visual 
processes and Vitamin C enhances the human immune 
defense system.

 

Table 4:

 

Effects of cow dung and NPK fertilizers on minerals and vitamin contents

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data expressed as means; n=3; CD= Cow dung; ½ and Full NPK = 25:15:15 and 50:30:30 respectively; Means in column within 
the same treatment followed by the same letter(s) do

 

not differ significantly at p<0.05. 

 
 
 

 

Fertilizer rates

 

P K

 

Na

 

Ca

 

(%)

 

Mg

 

Zn      
(mg/g)

 
 

Fe

 

Vit A(µg/g)

 
 

Vit C

 

ONPK, 0CD

 

0.21abb

 

3.50b

 

398.33cde

 

0.42c

 

0.12c

 

0.15f

 

0.21cd

 

0.01I

 

1.43abc

 

ONPK + 10CD

 

0.11f

 

3.07bc

 

363.67de

 

0.31d

 

0.57ab

 

0.18ef

 

0.17d-g 0.23g

 

1.53abc

 

ONPK + 20CD

 

0.21ab

 

3.43b

 

313.33e

 

0.42c

 

0.14c

 

0.38d

 

0.22cd

 

0.46e

 

2.07a

 

ONPK + 30CD

 

0.18bc

 

4.87a

 

502.00abc

 

0.40c

 

0.51ab

 

0.61b

 

0.14fg

 

0.02k

 

1.60abc

 

1/2NPK + 0CD

 

0.15cde

 

2.67bcd

 

449.00a-d 0.33d

 

0.10c

 

0.43cd

 

0.16efg

 

0.60d

 

1.13bcd

 

1/2NPK +10CD

 

0.11f

 

3.60b

 

449.33a-d

 

0.21e

 

0.66a

 

1.42a

 

0.18cf

 

0.78a

 

1.40bc

 

1/2NPK +20CD

 

0.18bc

 

1.50ef

 

513.00ab

 

0.37cd

 

0.17c

 

0.45cd

 

0.29b

 

0.71b

 

1.47abc

 

1/2NPK +30CD

 

0.21ab

 

1.80def

 

538.00a

 

0.92a

 

0.32bc

 

0.51c

 

1.14a

 

0.03j

 

1.53abc

 

FULLNPK+0CD

 

0.13def

 

2.23cde

 

493.33abc

 

0.31d

 

0.07c

 

0.17ef

 

0.13g

 

0.42f

 

1.40bc

 

FULLNPK+10CD

 

0.22a

 

1.80def

 

426.33bcd

 

0.69b

 

0.20c

 

1.35a

 

0.22c

 

0.67c

 

1.70ab

 

FULLNPK+20CD

 

0.17cd

 

1.67def

 

473.67abc

 

0.43c

 

0.17c

 

0.47c

 

0.14fg

 

0.66i

 

0.97cd

 

FULLNPK+30CD

 

0.13ef

 

0.83f

 

466.33a-d 0.33d

 

0.67a

 

0.24e

 

0.19cde

 

0.20h

 

0.50d

 

SEM±

 

0.013

 

0.375

 

36.388

 

0.224

 

0.097

 

0.029

 

0.013

 

0.001

 

0.223
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IV. Conclusion

In conclusion, fertilizer treatment has 
tremendously influenced the soil, as well as some 
vitamins and mineral contents of sorrel. In particular, 
combination treatment of organic and in organic

fertilizers produced the highest nitrogen contents and 
other essential amount of nutrients that was made 
available to sorrel plant as nitrogen is the key plant 
nutrient in the production of crops and an important 
component responsible for photosynthetic activity and 
crop yield capacity. Thus, the vitamin and mineral 



  

 
  

  
 

contents of sorrel were significantly affected by the 
fertilizer application via the increase of essential 
nutrients in the soil.

 

Therefore, based on the result of the 
experiment, combination treatment

 

involving varying 
rates of organic (cow dung) and inorganic (NPK) 
fertilizers should be encouraged for maximum levels of 
vitamins and minerals of sorrel. 
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