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Abstract
A field experiment was performed to evaluate the symbiotic capability of arbuscular mycorrhizal fungi (AM fungi) on vital 

medicinal and multipurpose crop turmeric. Turmeric treated with AM fungi +75% recommended rate of fertilizers (RRF) was 
recorded superior growth and yield performance over the control (100% RRF) and AM fungi + 50% RRF. Gradual improvement in 
plant agronomic properties changed into location with time duration. Significantly, a higher increase in rhizome yield was noticed 
in turmeric while treated with AM fungi with 75% RRF over the control. The present study has a look at implies suitability of 
AM fungus for reinforcing turmeric growth, yield, essential oil, curcumin contents, and improvement of soil fertility and health in 
addition to saving of considerable chemical fertilizers cost.
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Introduction
Turmeric (Curcuma longa Linn, family Zingiberaceae) is an 

herbaceous perennial plant, native to Tropical Southeast Asia 
particularly India. Turmeric is the historic and sacred spice of 
India referred to as ‘Indian saffron is an essential cash spice crop 
grown in India. It is utilized in diversified forms as a condiment, 
flavouring, and colouring agent and as a principal ingredient in 
Indian culinary as curry powder. It has anti-cancer and anti-viral 
activities and subsequently reveals used in the drug and cosmetic 
industry. The turmeric plant incorporates a yellowish colouring 
known as curcumin, an acrid volatile oil, starch, chlorides of 
calcium, woody fibre, and gum. The acrid oil is known as turmerol 
and has an aromatic odour. Alkaloids of oxalic acid also are present 
in yield crystals of potassium oxalate. Kumkum, famous with each 
housewife in India, is likewise a by-product of turmeric. It is also 
utilized in a hot drink referred to as golden milk made with milk 
and is a traditional Indian recipe utilized maximum of the Indian 
house in addition to worldwide. It is vital usages for spiritual and 
ceremonial occasions. The increasing demand for natural products 
as food additives makes turmeric an ideal product as a food 
colorant. Turmeric has been utilized in Asia for centuries and is a  

 
first-rate part of  Ayurveda, Siddha traditional, Chinese, and Unani 
medicine [1] and the animistic rituals of Austronesian peoples [2-
3]. Turmeric powder is about 60-70% carbohydrates, 6-13% water, 
6-8% protein, 5-10% fat, 3-7% dietary minerals, 3-7% essential 
oils, 2-7% dietary fibre, and 1-6% curcuminoids [4]. India is the 
largest producer, consumer, and exporter of turmeric in the global. 
The worldwide production of turmeric is around 11 lakh tons per 
annum. India dominates the world production scenario contributing 
78 % followed by China (8%), Myanmar (4%), and Nigeria and 
Bangladesh collectively contributing to 6% of the worldwide 
production. India is the global leader in value-added products of 
turmeric and exports. The United States of America imports 97% of 
its turmeric requirement from India. Indian turmeric is taken into 
consideration the exceptional within the global market due to its 
excessive curcumin content.

Plant roots are the ecological niches of many microorganisms 
that are confined to the soil. AM fungi are symbiotic affiliation 
among plant roots and soil fungi which expand the extensive 
fungal hyphal network in roots of more than 95% of the terrestrial 
plants. AM fungi are the maximum common subgroup of endo 
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mycorrhizae which on colonization, improve the growth and 
boom productivity of crop plants inclusive turmeric [5-18]. The 
highest impact of AM fungal symbiosis at the host plant happens 
while it’s far phosphorus-deficient through up taking it via the 
mutualistic relation [9-10, 19-23]. It has been detected through 
many researchers that AM fungi are a crucial component of soil 
microbial mass and regulate numerous vital biological processes 
to increase the growth and productivity of many crops [7, 14-17, 
23-27]. Nitrogen (N) and Phosphorus (P) are significant nutrients 
elements required through plants. It is the main part of all amino 
acids that are the building blocks of all proteins, inclusive of the 
enzymes, which manage almost all biological processes. It is 
likewise important for carbohydrate use inside plants. The useful 
impact of AM fungal inoculation in plant nutrient uptake has been 
studied extensively [12-17, 22, 28-36]. Among the benefits of AM 
fungi to plants consisting of extended macro and micronutrients 
uptake, tolerance to drought, and synergistic interplay with 
different useful soil microorganisms. However, there is very few 
statistics at the contributions of AM fungi on turmeric. This looks 
towards figuring out the impact of reducing dose of chemical 
fertilizers (CF) combination with AM fungi and RRF on the growth, 
quality yield, oil, and Curcumin contents of turmeric.

Materials and Methods
Field Preparation and Experimental Design

The experimental land was opened with a power tiller and kept 
exposed to the solar earlier than the following ploughing. It was 
prepared afterward by ploughing and cross ploughing followed by 
laddering. Turmeric was sown in July and the experimental bed’s size 
was 10.0 x 10.0 meters with four replicates in every treatment in a 
randomized block design (RDB). Recommended cultural operations 
have been finished to all plots through the entire cropping duration 
to make certain a healthy crop. Turmeric was showing through 
ridges and furrows technique in the field. Ridges have been 50 cm 
apart. Short duration variety of Pratibha (Turmeric) rhizome was 
used for cultivation. Turmeric was grown with a spacing of 50cm 
x 25cm. Turmeric plantations have been accomplished through 
rhizome cuttings. The cuttings were planted to parallel rings with a 
yellow colour on the outside and reddish-brown on the inside. One 
rhizome was planted in every pit. Split mother rhizomes weight 
about 33-44gm was used for planting. Seeds were applied @ 2.5 t/
ha. Experiments were set up two consequent years in the same site 
for the improvement of productivity in addition to soil health.

AMF Inoculum and Chemical Fertilizers Applications
Turmeric was treated with AM fungi @ 20 lakhs effective 

propagules/ha on the time of planting. RRF had been carried out in 
two split doses and irrigation was provided as per the requirement 
of the plants. Normal environmental conditions were provided for 
plants’ growth and development. Morphological characters were 
recorded in January. The crop was harvested during the second 
week of February and yield, essential oil, and curcumin content 
was recorded after harvest. The essential oil content (% V/W) in 
turmeric was determined using Clevenger’s equipment wherein 

25 g of turmeric powder changed into distilled for 4.5 h and the 
quantity of essential oil was measured. The curcumin content 
was determined by the method of Thimmaiah [37]. Various stage 
of chemical fertilizers (CF) was carried out in exclusive treatment 
within the form of NPK N-P-K @ 60-50-120 Kg/h (100% RRF) i.e., 
Urea – SSP – MOP @1042 – 888 – 265 g/cent (100%); Urea – SSP – 
MOP @781.5 – 666 – 198.72 g/cent (75%): Urea – SSP – MOP @521 
– 444 – 133.5 g/cent (50%). N (Urea) become additionally was also 
applied as a top dressing in equal splits as per recommendations. 
There were three treatment combinations for turmeric i.e., control 
100% RRF, AM fungi +75% RRF and AM fungi+50% RRF.

Physicochemical analysis of Rhizospheric soil samples 

Air-dried soil samples were used for distinctive physicochemical 
analysis. pH becomes decided in 1.25 (w/v) solutions of samples 
in water and the same was used for the dedication of electrical 
conductivity (EC). Air-dried samples were processed (addition of 
40% NaOH and distillation) using a Kel Plus nitrogen estimation 
system (Class DX, Pelican Equipment’s) accompanied through 
the dedication of available nitrogen through titration with 0.02N 
H2SO4 [38]. Available phosphorus was decided through Olsen’s 
method [39] and available potassium was determined in a 1 N 
ammonium acetate extract using a flame photometer [40].

Statistical Analysis
Observations of physicochemical properties of soil, plant 

growth and yield, oil, and curcumin content were analysed using 
SPSS (SPSS Inc. version 17.0). Results were subjected to one-way 
analysis of variance and the significant difference was determined 
according to Duncan’s Multiple Range Test at a significant level of 
P<0.05.

Results and Findings 
Physicochemical Properties of Soil (Zero time and at 
Final Harvest)

pH is taken into consideration as a master variable in soils 
because it controls many chemical processes that take vicinity 
in the soil environment. It particularly influences plant nutrient 
availability with the aid of using controlling the chemical forms 
of the nutrients. Alternation in pH up to 7.33 becomes observed 
after the final harvest (Figure1). The pH of soil becomes noticed 
lowering with time because of mycorrhiza treated crop cultivation 
activities. Decrease in electrical conductivity became observed 
after harvesting (Figure 2) Available nitrogen in the soil is directly 
associated with soil organic matter. The gradual increase in 
nitrogen became because of the increase in soil organic matter and 
the microbial activities which make nitrogen available from organic 
matter to the soil. A significant increase (p<0.05) in available 
nitrogen became noticed after the harvest of crops (Figure 3). 
Available phosphorus content became observed lower (p<0.05) in 
cultivated soil, and it can be because of uptake of phosphate with 
the aid of using the cultivated plants (Figure 4). The sharp increase 
in potassium content became recorded after harvesting. Various 
factors which include weathering, upward translocation of soluble 
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ions through capillary action, involvement from the degradation 
of plants litters can be responsible for such variation of potassium 

content in soil (Figure 5).

Figure 1: Soil pH at Zero time and after final harvest.

Figure 2: Soil Electrical Conductivity at Zero time and after final harvest.

Figure 3: Soil available nitrogen at Zero time and after final harvest.
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Figure 4: Soil available Phosphorous at Zero time and after final harvest.

Figure 5: Soil available Potassium at Zero time and after final harvest.

Morphology and Yield of Turmeric 
Table 1: Morphological observation of Turmeric height, girth and leaf area and yield ((Mean ± SE) during two cropping season 

(n=20)

Treatment
Height (cm) Girth (cm) Leaf area (cm2)

I Year II Year I Year II Year I Year II Year

Control (100% RRF) 70.67ab±2.96 77.67ab±1.45 16.00b±0.58 16.87ab±0.38 1673.67a±4.10 1679.33a±3.17

AM fungi+ 75% RRF 83.00a±4.16 97.33a±4.46 17.33a±0.33 20.30a±0.32 1685.00a±2.89 1691.67a±2.03

AM fungi+ 50 % RRF 62.33a±1.45 64.67c±1.76 15.00c±0.58 15.63c±0.63 1577.67b±10.20 1582.67b±11.35

±SE-Std error; Values in a column followed by the same letter are not significantly different at P< 0.05 according to DMRT

Significant (p<005) variation was determined withinside the 
overall performance of nutrient dose and AM fungal inoculation 
in turmeric (height, girth, leaf area, and yield) (Table 1and 2). 
Significant increases (p<0.05) were noticed in height, girth, leaf 
area and yield in AM fungi +75% RRF treated plant as compared 
to control (100% RRF) and AM fungi + 50% RRF. Maximum height, 

girth, leaf area, and yield were observed in AM fungi +75% RRF 
following with the aid of using control (100% RRF) and AM fungi + 
50% RRF (Table 1 and 2). Significantly maximum height (97.33cm), 
girth (20.30cm), leaf area (1691cm2), and rhizome yield (21.54 t/
ha) were noticed in AM fungi + 75% RRF treated plots in second-
year cultivation (31.10% increase yield) as compared to first-year 
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control. An almost equal trend was recorded in AM fungi +75% 
RRF as compared to control and AM fungi +50% RRF in the second 
year’s experiments. Improved yield changed into observed in AM 

fungi +75% RRF treated turmeric as examined to manipulate in 
first and second respectively and save the 25% RRF in addition to 
soil pollution. 

Table 2: Yield observation of Turmeric (Mean ± SE) during two cropping season (n=20).

Treatment
Yield (t/ha)

I Year II Year

Control (100% RRF) 16.43b±17.95 17.05b±18.33

AM fungi+ 75% RRF 19.51a±28.83 21.54a±35.29

AM fungi+ 50 % RRF 15.46c±17.01 16.50c±45.65

±SE-Std error; Values in a column followed by the same letter are not significantly different at P< 0.05 according to DMRT.

Essential oil and Curcumin content
Results revealed that AM fungi inoculation prompted nutrients 

uptake at much less fertilizer utility in Turmeric. AM fungi 
additionally impact the increase the essential oil and curcumin 
contents of turmeric. Essential oil and curcumin content were 
higher in AM fungi +75% RRF treatment as compared to control 
and AM fungi +50% RRF treatment in each year. The maximum oil 
content turned in to determined withinside the plants obtained the 
AM fungi + 75% RRF; this finding turned into statistically significant 
while as in comparison to the control (100% RRF) and AM fungi 
+ 50% RRF (Figure 6). The maximum curcumin contents were 
observed in mycorrhiza+75% RDF treated plants and minimum in 
control and AM fungi + 50% RRF (Figure 7). The impact of AM fungi 
on oil and curcumin content of turmeric turned into substantial in 
each year experiments. Increased rhizome yield treated with AM 
fungi mediated rhizome planting material is probably attributed 
to higher crop growth in terms of quick emergence, better plant 

height, greater leaf area index, and tillers consistent with the plant 
which intercepted extra photosynthetically active radiation and led 
to better values of yield attributing characters which in the long 
run contributed towards higher yield of the crop. AM fungi help 
on translocation and mobilization of assimilates and nutrients are 
greater in AM fungi mediated mother rhizome thereby making the 
mother rhizomes qualitatively and quantitatively superior. Thus, 
the plants because of mother rhizomes are extra vigorous and 
have higher yield compared to control. Significantly higher fresh 
rhizome yield because of mother rhizome plant material turned 
into additionally recorded with the aid of using Oladiran and Olajire 
[41]. It additionally determined that the utility of mycorrhiza with 
N enhances the P content in the biomass. This might be related to 
an increase in the acquisition of P because of mycorrhiza utilization 
[3, 28, 34, 42]. The highest biomass and rhizome yield resulted 
from the utilization of 75% RRF with mycorrhiza in each year’s 
experiments.

Figure 6: Essential Oil content after final harvest in Turmeric.
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Figure 7: Curcumin content after final harvest in Turmeric.

Conclusion 
Overall assessments of the existing facts without a doubt imply 

that inoculation of AM fungi can decorate the vegetative growth, 
overall yield, and essential oil in addition to curcumin contents in 
turmeric with much less use of CF. One of the factors responsible 
for the increase in yield of a mycorrhized plant can be because 
mycorrhiza assisted enhanced uptake of macro and micronutrients 
from soil to plant. Mycorrhizas convert a much less soluble form of 
soil nutrient to a soluble form and make it without problem to be 
had to host plants. Also, the promotion of mycorrhizal biofertilizer 
has the advantage of permitting decreased nutrient inputs to save 
the environment. Economize on fertilizer use in turmeric crop 
production offering a sustainable and environmentally more secure 
replacement and farmers ought to inspire the usage of mycorrhizal 
biofertilizer for field assessment. The present study revealed that 
seed/seedlings treated with AM fungi can play a major role in 
decreasing CF costs in sustainable production systems. From this 
look at, it can conclude that the usage of AM fungal inoculum ought 
to lessen the quantity of CF had to produce turmeric on account 
that increased plant growth parameters, Oil and curcumin content 
and enhance soil health had been acquired whilst 75% RRF turned 
into carried out to mycorrhizae inoculated plants and this turned 
into similar to control plants dealt with 100% RRF. Such exercise 
ought to enhance the socio-economic condition of turmeric 
growers and minimize the crop risk as nicely reduced the CF cost 
and additionally save the environmental pollutions.
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