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Abstract
Turmeric production is greatly hampered by dearth of knowledge of its agronomic requirements in Nigeria,
particularly nitrogen requirement and possible enhancement of nutrient uptake by mycorrhiza. Hence,
investigations aimed at examining the effect of nitrogen and the contribution of arbuscular mycorrhizal fungi
on the yield and nutrient uptake of turmeric were conducted. It was a potted experiment with 5 levels of
nitrogen (0, 45, 90, 135 and 180 kg N ha-1), and two levels of mycorrhiza (with and without). The experiment
was arranged in a 5 × 2 factorial fitted into a completely randomized design with three replications. Data
were obtained on the dry biomass yield, rhizome yield, curcumin content of the rhizome, nitrogen,
phosphorus, calcium, magnesium and potassium uptake in the shoot. A repeat experiment was conducted
using the best two treatments and the control in a 3 × 2 factorial experiment replicated thrice. All data were
subjected to analysis of variance using SAS PROC. GLM and significant treatment means separated using
LSD values. Applications of nitrogen and mycorrhiza independently and in combinations significantly
enhanced the yield and curcumin content of turmeric. The rhizome yield in the mycorrhiza infested soil was
not significantly different with the non application of mycorrhiza but there was an increase of approximately
15 % in the rhizome yield in the mycorrhiza infested soil. Application of 180 kg N ha-1 with mycorrhiza gave
the highest biomass and rhizome yield and as such is the most suitable for turmeric production.
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Introduction
Turmeric (Curcuma longa Linn.) is
rhizomatous spice crop, native to tropical
Southeast Asia. Its centre of domestication is
probably the Indian subcontinent (Bose et al.,
2008). It is cultivated in diverse tropical conditions
up to 1600 m above sea level with a temperature
range of 20 to 40 0C and rainfall above 1500 mm
(Olojede et al., 2005).
Turmeric is usually grown for its culinary,
cosmetic and medicinal purposes. It is the major
ingredient used for curry meant for adding flavour
to meals. It can also be used in dye and/or as
colouring agent. The medicinal properties of this

spice have been exploited over the centuries. The
main active compound of turmeric is
curcuminoids, and curcumin is the most active
curcuminoids found in it. Research has shown that
turmeric can be used in treatment of so many
medical problems and conditions ranging from
constipation to skin diseases, used in the treatment
of wounds, infection, dysentery, arthritis, jaundice,
liver problems, cancer and Alzheimer's diseases
(Hermann and Martine, 1991; Osawa et al., 1995).
Nitrogen (N) is an important nutrient element
required by plants. It is a major part of all amino
acids, which are the building blocks of all proteins,
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including the enzymes, which control virtually all
biological processes. It is also essential for
carbohydrate use within plants.
The beneficial effect of mycorrhiza
inoculation in plant nutrient uptake has been
studied extensively (Arihara, 2000; Fagbola et al.,
1998; Kabir and Koide, 2000; Osonubi et al.,
1995). Among the benefits of mycorrhiza to plant
include: increased nutrient uptake, tolerance to
drought and synergistic interaction with other
beneficial soil microorganisms. However, there is
little or no information on the contributions of
mycorrhiza on nutrient uptake of turmeric. This
study was therefore aimed at determining the effect
of nitrogen in combination with mycorrhiza on the
quality, yield and nutrient uptake of turmeric.

nutrient content. Phosphorus was determined by
digesting with acid mixture i.e. HNO3 and HCLO4
in ratio 2:1 and the digest was made up to 25 ml
with distilled water in a standard volumetric flask.
5ml of aliquot was added. The mixture was made
up of 25 ml with distilled water and was later
transferred into spectrophotometer at 400 nm
wavelength. Nitrogen was determined using the
Kjeldhal method and potassium was determined by
using atomic absorption spectrophotometer (AAS).
Plant nutrient uptake was determined using
the formula: Nutrient uptake (g kg-1) = nutrient
content (g kg-1) × dry weight of the biomass
All data were subjected to analysis of variance
using SAS software 9.2 version and significant
treatment means separated using LSD.

Materials and Methods

Results

It was a pot experiment conducted at the
National
Horticultural
Research
Institute
(NIHORT), Ibadan using approximately 5 kg soil.
Pre-cropping soil analysis was done using standard
procedures: soil pH in water, total N by Kjeldahl
approach, available P using Bray- P1 extraction
followed by molybdenum blue colorimetry,
Exchangeable K, Ca and Mg were extracted using
ammonium acetate, K was determined on flame
photometer and Ca and Mg by EDTA titration. Soil
organic matter was determined by wet dichromate
method.
The experiment was a 5 × 2 factorial arranged
in a completely randomized design. The
experiment was replicated three times with two
plants per replicate. The factors include 5 levels of
N (0, 45, 90, 135 and 180 kg N ha-1), and two levels
of mycorrhiza (with and without mycorrhiza). The
mycorrhiza was applied at planting with the
turmeric rhizome while the N was applied at 2
equal split dose - a month and 3 months after
planting. The source of the N was urea. The
experiment was repeated using the best two
treatments from the first experiment with the
control in a 3 × 2 factorial experiment with three
replicates. Data were collected on rhizome yield,
curcumin content, the dry biomass yield, N, P, Ca,
Mg and K uptakes in the shoot.
Plant samples were dried in the oven at a
temperature of 65 0C for 72 hours and thereafter
milled into powdery form to determine the plant

Table I shows the pre-cropping soil analysis
which gives a pH of 6.8, the values of the major
nutrient elements are as follows: total N 0.9 g kg-1,
available P 10 mg kg-1, exchangeable K 0.18
cmolkg-1,
Ca
1.45
cmol
kg-1
and
-1
Mg 0.72 cmol kg (Table 1).
Inoculation with mycorrhiza significantly
enhanced the curcumin content, N, P and K
uptakes. There was no significant difference in the
rhizome yield, Ca and Mg uptakes, although there
was approximately 15% increase in the yield due to
mycorrhiza inoculation (Table 2).
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Table 1. Pre-cropping physical and chemical
properties of the soil.

Soil properties
pH (H2O)
Ca (cmol kg-1)
Mg (cmol kg-1)
Na (cmol kg-1)
K (cmol kg-1)
ECEC (cmol kg-1)
Org C (g kg-1)
Total N (g kg-1)
Av. P (mg kg-1)
Cu (mg kg-1)
Zn (mg kg-1)
Fe (mg kg-1)
Mn (mg kg-1)
Sand (g kg-1)
Silt (g kg-1)
Clay (g kg-1)

Value
6.8
1.45
0.72
0.21
0.18
13.92
10.1
0.9
10
2.02
7.20
115
177.8
802
150
48
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Table 2. Effect of mycorrhiza on the curcumin, N, P, Ca, Mg, K, biomass and rhizome yield of turmeric under pot
experiment.

Mycorrhiza

N

P

M+

Curcumin
%
1.33

77.1

M-

1.24

LSD

0.03

Biomass Rhizome
Yield
Yield
-1
g pot
5.26
100.08

Mg

K

2.3

Ca
g kg-1
133.9

3.1

69.3

58.1

1.8

126.7

2.8

57.5

4.57

87.03

10.1

0.3

NS

NS

0.9

0.67

NS

M+ - with mycorrhiza inoculation

M- - without mycorrhiza inoculation

Table 3. Effect of different rates of nitrogen on the curcumin, N, P, K, Ca, Mg, biomass and rhizome yield of turmeric
under pot experiment.

Nitrogen
kg/ha
0
45
90
135
180

Curcumin
%
0.66
0.86
1.19
2.10
1.62

40.0
49.2
65.0
85.0
98.9

LSD

0.044

16.0

N

P

Mg

K

1.4
1.7
2.2
2.7
2.5

Ca
g kg-1
97.9
109.0
152.0
151.5
141.3

2.7
3.1
3.1
2.7
3.2

52.1
61.9
53.2
67.0
82.6

0.5

28.1

NS

14.4

Significant differences (p<0.05) was observed
in all parameters with the application of N (Table
3). Application of 135 kg N ha-1 gave a
significantly higher percentage curcumin content
compared with other rates, the significant
difference was in the other 135 kg N ha-1 > 180 kg
N ha-1 > 90 kg N ha-1 > 45 kg Nha-1 > 0 kg Nha-1.
The highest N uptake was observed with the
application of 180 kg N ha-1 and this was
significantly higher compared with other
treatments except 135 kg N ha-1. The lowest
difference in the N uptake with nitrogen
application was with 0 kg N ha-1, however this was
not significantly different from 45 kg N ha-1.
Application of 135 kg N ha-1 gave the highest P
uptake but this was similar to the applications of
180 and 90 kg N ha-1. The lowest P uptake was with
0 kg N ha-1.
The highest Ca uptake was with the
application of 90 kg N ha-1, however this was not
significantly different from the applications of 135
and 180 kg N ha-1. There was no significant
difference in the Mg uptake among the treatments.
The highest biomass yield resulted from the
application of 180 kg N ha-1 but this was not

Biomass
Rhizome
Yield
Yield
-1
g pot
3.19
65.19
4.12
94.41
5.18
94.8
5.75
104.79
6.33
108.6
1.06

21.1

significantly different from the application of 135
kg N ha-1 while a significantly lower biomass yield
resulted from the application of 0 kg N ha-1 but this
was not significantly different from the application
of 45 kg N ha-1. Application of 90 and 135 kg N ha1
were not significantly different from each other
with respect to biomass yield. The application of
180 kg N ha-1 gave the highest rhizome yield, this
was however not significantly different from other
treatments except 0 kg N ha-1 that was significantly
lower.
There were significant interactions (p< 0.05)
between the nitrogen levels with and without
mycorrhiza inoculation in all the parameters
observed except for the rhizome yield (Table 4).
Application of 135 kg N ha-1 without mycorrhiza
gave a significantly higher curcumin content
compared with other treatments and a significantly
lower curcumin content was observed with the
application of 0 kg N ha-1 with mycorrhiza
application. A significantly higher N uptake was
observed with the interaction of 180 kg N ha-1 with
mycorrhiza application compared with other
treatments except the application of 135 kg N ha-1
with mycorrhiza.
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The lowest N uptake was with 0 kg N ha-1
without mycorrhiza, this was however, not
significantly different from the applications of

0 kg N ha-1 with mycorrhiza and 45 kg N ha-1 with
and without mycorrhiza.

Table 4. Interaction of nitrogen and mycorrhiza on the curcumin, N, P, Ca, Mg, K, biomass and rhizome yield of turmeric
under pot.
Nitrogen
kg/ha
N0
N0
N1
N1
N2
N2
N3
N3
N4
N4

Mycorrhiza
M+
MM+
MM+
MM+
MM+
M-

LSD
Legend N0 - 0 kg N ha-1
M+ -with mycorrhiza

Curcumin
0.55
0.78
1.07
0.65
1.23
1.16
1.97
2.23
1.84
1.40

N
%
41.3
38.7
54.1
44.3
66.0
64.0
104.3
65.8
120.0
77.9

1.5
1.3
1.9
1.5
2.3
2.1
3.2
2.1
2.7
2.2

0.063

21.1

0.62

N1 - 45 kg N ha-1 N2 - 90 kg N ha-1
M- - without mycorrhiza

The highest P uptake was observed with the
application of 135 kg N ha-1 with mycorrhiza
application and this was significantly higher than
other treatments except 180 kg N ha-1 with
mycorrhiza. A significantly lower P uptake was
observed with the application of 0 kg N ha-1
without mycorrhiza application. The highest Ca
uptake was obtained with the application of 135 kg
N ha-1 with mycorrhiza which was not significantly
different from other treatments except the
application of 0 and 45 kg N ha-1 with and without
mycorrhiza application that was significantly
lower. Application of 180 kg N ha-1 with
mycorrhiza gave the highest Mg uptake while the
lowest was with 135 kg N ha-1 without mycorrhiza.
Application of 180 kg N ha-1 with mycorrhiza gave
a significantly higher K uptake compared with
other treatments except the applications of 135 kg
N ha-1 with mycorrhiza and 180 kg N ha-1 without
mycorrhiza application. A significantly lower K
uptake was observed with the application of 90 kg
N ha-1 without mycorrhiza.
A significantly higher biomass yield was
obtained with the application of 180 kg N ha-1 with
mycorrhiza but this was not significantly different
from the application of 180 kg N ha-1 without
mycorrhiza and application of 135 kg N ha-1 with
mycorrhiza. Significantly lower biomass yield was
590

P

Ca
g kg-1
106.5
89.2
104.4
113.5
146.8
157.3
157.8
145.2
154.1
128.5

Mg

K

2.8
2.6
3.4
2.9
3.2
3.0
3.1
2.3
3.4
3.1

55.8
48.3
65.0
58.9
59.4
47.0
77.2
56.9
89.1
76.2

38.2

0.9

19.0

Biomass Rhizome
Yield
Yield
g pot-1
3.34
72.39
3.04
57.99
4.47
96.00
3.76
92.79
5.31
98.01
5.05
91.59
6.58
114.00
4.91
95.61
6.59
120.00
6.08
97.20
1.4817

NS

N3 - 135 kg N ha-1 N4 - 180 kg N ha-1

obtained with the application of 0 kg N ha-1 without
mycorrhiza but this was not significantly different
from the application of 0 kg N ha-1 with mycorrhiza
and application of 45 kg N ha-1 with and without
mycorrhiza. The rhizome yields were not
significantly different from each other with the
application of different levels of N with and
without mycorrhiza.
In the repeat experiment, although there was
an increase in curcomin content, Mg uptake and
rhizome yield were not significantly influenced by
mycorrhiza inoculation (Table 5). However, other
parameters were significantly influenced by
mycorrhiza inoculation. With N application, the
highest curcumin content was with the application
of 135 kg N ha-1 which was similar with the
application of 180 kg N ha-1 while 0 kg N ha-1 was
significantly lower (Table 6). The N uptake was in
the order 180 kg N ha-1 > 135 kg N ha-1 > 0 kg N
ha-1. The highest P uptake was with 180 kg N ha-1
which was similar with 135 kg N ha-1. Applications
of 135 kg N ha-1 and 180 kg K ha-1 were also similar
in Ca and K uptakes while 0 kg N ha-1 was
significantly lower. There was no significant
difference among the treatments with respect to Mg
uptake and rhizome yield. The biomass yield was
in the order 180 kg N ha-1 > 135 kg N ha-1 > 0 Kg
N ha-1.
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The highest curcumin content with N and
mycorrhiza interaction was with 135 kg N ha-1 with
mycorrhiza which was only significantly higher
than 0 kg N ha-1 with and without mycorrhizal
inoculation (Table 7). A significantly higher N
uptake was with the application of 180 kg N ha-1
with mycorrhiza compared with other treatments.
The lowest N uptake was with 0 kg N ha-1
without mycorrhiza. The highest P uptake was
obtained with 135 kg N ha-1 with mycorrhiza while
0 kg N ha-1 without mycorrhiza gave the lowest P

uptake. The highest Ca and K uptakes were
observed with 180 kg N ha-1 with mycorrhiza while
0 kg N ha-1 without mycorrhiza gave the lowest Ca
and K uptakes. There was no significant difference
among the treatments with respect to Mg uptake
and rhizome yield. The highest biomass yield was
obtained with 180 kg N ha-1 with mycorrhiza. The
lowest biomass yield was with 0 kg N ha-1 without
mycorrhiza but was not significantly different from
0 kg N ha-1 with mycorrhiza.

Table 5. Effect of mycorrhiza on the curcumin, N, P, Ca, Mg, K, biomass and rhizome yield of turmeric under second
pot experiment.

Mycorrhiza Curcumin
%

N

P

Ca
g kg-1

Mg

K

Biomass Rhizome
Yield
Yield
-1
g pot

M+

2.32

110.00

2.72

150.1

4.4

90.8

6.22

115.64

M-

2.15

71.21

2.21

120.1

3.1

65.4

5.40

113.69

LSD

NS

10.80

0.30

14.4

NS

6.7

0.56

NS

M+ - with mycorrhiza inoculation M- - without mycorrhiza inoculation
Table 6. Effect of nitrogen on the curcumin, N, P, K, Ca, Mg, biomass and rhizome yield of turmeric under second pot
experiment.

Nitrogen

Curcumin

N

P

Ca

Mg

K

Biomass Rhizome
Yield
Yield

-1

g pot-1

kg/ha

%

g kg

0

1.78

43.4

1.57

101.82

3.21

60.25

3.55

82.93

135

2.53

102.7

2.9

156.32

4.21

84.99

6.55

129.52

180

2.4

125.6

2.91

147.14

3.84

88.92

7.32

131.54

LSD

0.3

1.32

0.37

17.68

NS

8.15

0.69

44.45

Table 7. Interaction of nitrogen and mycorrhiza on the curcumin, N, P, Ca, Mg, K, biomass and rhizome yield of turmeric
under second pot experiment.

Nitrogen Mycorrhiza Curcumin
kg/ha
%
N0
N0
N3
N3
N4
N4
LSD

M+
MM+
MM+
M-

N

P

1.92
1.64
2.58
2.47
2.46
2.33

52.1
34.8
118.6
86.8
159.3
92.0

1.90
1.24
3.24
2.57
3.02
2.79

0.51

37.11

0.99

Legend N0 - 0 kg N ha-1 N1 - 45 kg N ha-1
N2 - 90 kg N ha-1
M+ -with mycorrhiza
M- - without mycorrhiza

Ca
Mg
-1
g kg

K

Biomass Rhizome
Yield
Yield
-1
g pot

127.36
76.29
156.82
155.82
166.09
128.20

4.01
2.41
5.53
2.89
3.60
4.08

75.60
44.90
90.47
79.51
106.18
71.66

4.22
2.87
6.86
6.24
7.58
7.07

91.05
74.8
118.22
140.82
137.64
125.45

47.13

NS

28.23

2.14

NS

N3 - 135 kg N ha-1

N4 - 180 kg N ha-1
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Discussion
The pre-experimental physical and chemical
properties of the soil indicated that it was near
neutral (pH of 6.8). The N and K content in the soil
were very low and below the recommended critical
levels of 1.5g kg-1 N, and 0.34 cmol kg-1 K (Adeoye
and Agboola, 1985; Aduayi et al., 2002), hence the
need for additional nutrient amendments to the soil.
It was observed that mycorrhiza enhances the
curcumin, N, P, Ca, K uptakes and consequently
enhanced the biomass yield and increased the
rhizome yield of turmeric in both trials/ Turmeric
Plant (Figure 1). This could be attributed to the
beneficial effect of mycorrhiza as observed on
various root crops (Dare et al., 2007;
Prabawardanie et al., 2012; Salami et al., 2005;
Yamawaki et al., 2013). Application of 180 kg N
ha-1 resulted in the highest N and K uptakes in the
biomass, this implies that the more the N was
available in the root zone the more the plants
utilization. There was also an increase in the
uptakes of other nutrients with N application.

This culminated in the highest biomass and
rhizome yield during the two trials. The highest K
uptake was observed without the application of N
giving the available K in the root zone enough
space to express itself. The highest curcumin and P
uptake resulted from the application of 135 kg N
ha-1, this also gave a biomass and rhizome yield
that was not significantly different from the
application of 180 kg N ha-1. This implies that the
application of 135 kg N ha-1 might be suitable for
turmeric production, however, Prabhakaran Nair
(2013) noted that the response of turmeric to N
application varies with geographical location, type
of soil, method of cultivation and the irrigation
schedule.
Addition of 135 kg N ha-1 without mycorrhiza
gave the highest curcumin content in the rhizome
in the first trial and 135 kg N ha-1 with mycorrhiza
gave the highest curcumin content in the second
trial, indicating that mycorrhiza inoculation effect
on the curcumin content of the plant might require
more investigations. It was also observed that the
application of mycorrhiza with N enhances the P
content in the biomass. This could be associated
with an increase in the acquisition of P due to
mycorrhiza application ( Kwapata and Hall, 1985;
Osonubi et al., 1995). The highest biomass and
rhizome yield resulted from the application of 180
kg N ha-1 with mycorrhiza but was similar with the
application of 135 kg N ha-1 with mycorrhiza in
both trials.

Conflict of interest: The authors declared that there
was no conflict of interests regarding the publication of
this paper.
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