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Potash fertilization of turmeric using organic as well as inorganic sources
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ABSTRACT

The combination of organic manures viz., compost/vermicompost, potassic mobilising inoculants along with graded (100, 75
and 50%) levels of inorganic potassium were tried for partial substitution of inorganic potassium with organic source in
turmeric cv. Suguna. The experiment was laid out at Horticultural Research Sation, Mondouri, BCKV, Nadia, \West Bengal in
RBD with three replications and thirteen treatments for consecutive two years (May, 2012 to January, 2014). The recommended
dose of NPK was 150:60: 150 kg ha*. The uniform dose of inorganic N and P were applied to all treatments. The manures
namely compost and ver micompost were applied @ 20t and 5t ha'! respectively and potassic mobiliser (Fraturia aurantea) was
applied @12 kg hatdirectly to the soil. Maximum plant height (181.70 cm), leaf number (19.65), clump weight (335.38 g), plot
yield (32.35t ha't) were recorded in vermicompost + K (100%) + K- mobiliser but maximumtiller (3.46), curcumin (6.52%) and
maximum dry recovery (22.84%) were observed in compost + K (100%) + K-mobiliser. The rhizomes from vermicompost + K
(75%) + K-mobiliser exhibited maximum oleoresin content. Considering the yield, the vermicompost + inorganic K (100%) +
K mobiliser isthe best treatment and there is a chance of reduction of 25% inorganic potassic fertilizer through inoculation of
potassic mobiliser as yield under the treatment Vermicompost + K (75%) + K-mobiliser (30.65 t ha ) is more than the
treatment Vermicompost + inorganic K (100%)[29.93 t ha!].
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The spiceturmeric or Haldi constitute boiled, dried,
cleaned and polished rhizome (The underground swollen
stem of plant) of Curcuma longa L. is a rhizomatous
herbaceous perennial plant, important spice crop of the
family, Zingiberaceae, has deep orange fleshy roots or
tubers. At present turmeric is widely cultivated
throughout the tropics, but commercial production is
concentrated in South-East Asia. Turmeric being a
rhizome crop requires a heavy input of fertilizers.
Organic manures not only increase the yield but also
improve physical, chemical and bio-logical properties
of soil that improvefertility, productivity, water holding
capacity of soil (Singh, 2012). Potassium, although not
itself aconstituent of any metabolite, playsakey rolein
functions of plant physiology and metabolism
(Marschner, 2012). Thesefunctionsrelatedirectly to the
beneficial effects of K on both crop yield and quality.
Potassium activates numerous enzymes, is required in
high concentrations for protein synthesis and is needed
in both the light and dark reactions of photosynthesis.
Additionally it playsamajor rolein osmoregul ation and
isthusdirectly involvedin growthin cell extension. Spice
cropsliketurmericishighly sensitiveto alack of K and
require a large amount of available soil K which must
be maintained because much of the K taken up by the
roots is removed by the harvested crop. Crop response
studiesto K fertilization in different spice crops showed
that among the three major nutrients, K is required in
greatest amounts (Sadanandan et al., 2002). In general,
adequate K nutrition has been shown to enhance yields

Email: chanchan.meinaml17@gmail.com

and disease resistance of roots and tubers (Jansson,
1978). It also favors the establishment of root cropsin
thefield (Rabindran and Nirmal, 2005). Potassium also
increases resistance of plants against both biotic and
abiotic stresses which is of high importance in crop
production. Potassium from water-soluble and
exchangeable poolsisdirectly availablefor plant uptake
(Memon et al., 1988). Some microorganismsin the soil
are able to solubilise unavailable forms of K- bearing
mineralssuch asmicas, illiteand orthoclase, by excreting
organic acids which either directly dissolvesrock K or
by chelating silicon ions to bring the K into solution
(Barker et al., 1998).These microorganism commonly
known as potassium solubilizing bacteria or potassium
dissolving bacteria or silicate dissolving bacteria and
the use of potassium dissolving bacteria is termed as
‘biological potassium biofertilizer’. Therefore,
application of KSB holds a promising approach for
increasing K availability in soil (Basak et al., 2009).
Gradual deficiency in soil organic matter and reduced
yield of crops are alarming factors and burning issues
for the farmers and agriculturists. All efforts should be
made to devel op consciousness of the farmers about the
importance of soil organic matter and sustainable soil
productivity for getting higher yield of crops. To maintain
the soil fertility on long term basis integrated nutrient
management especially with biofertilizersis crucia in
rhizomatous cropsliketurmeric (Kaleet al., 2005). The
use of hiofertilizer in combination with other organic
manuresand chemical fertilizer will help toincrease crop
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productivity to aconsiderable extent. Being on the note
of importance of potassium as in improving yield and
quality, the present investigation was designed to
supplement the inorgani c potash with the incorporation
of biofertilizers that could ensure ecofriendly
environment and economically sustainable cropping.

MATERIALSAND METHODS

The experiment was carried out at Horticultural
Research station, Mondouri, Bidhan Chandra Krishi
Viswavidyalaya, Nadia, West Bengal during last week
of May, 2012 to January, 2014. The soil at the
experimental plot was sandy clay loam with pH 6.8 and
0.58% organic carbon. Available N, Pand K in soil were
223.45 kg hal, 18.07 kg ha' and 194.49 kg ha?l,
respectively. The experiment waslaid out in RBD with
three replications. Raised beds of 3.0x1.0 m and 15 cm
high were prepared. Turmeric variety was Suguna
planted in 20x25 cm spacing

The organic inputs namely compost and
vermicompost were applied basally during final land
preparation @ 20.0 t and 5.0 t ha? respectively. K
mobilizer (Fraturia aurantea) was applied @12 kg hat
directly to the soil a ong with compost or vermicompost.
Recommended dose of inorganic fertilizers was
150:60:150 kg NPK per hectare (Medda and Hore,
2003). Thetota amount of fertilizerswasappliedinthree
split doses. 1/3¢ of N and full dose of P was applied
after 15 days of planting whereas each split of /39 N
and ¥2 K was applied after 45 and rest split of 1/39 N
and 2K at 90 days after planting. Urea, SSP and MOP
were used asinorganic source of N, Pand K respectively.

Healthy seed rhizomes (30-35g of each) of turmeric
were planted to a depth of 3-4 cm, in the last week of
April. The beds were mulched with paddy straw at the
rate of 10t ha! immediately after planting and 5t ha at
45 and 90 days after planting. Earthing up was done
before second and third mulching. Three to four hand
weedings were done. Irrigation was given as per
requirement.

The crop was harvested 8 months after planting,
observations on different growth (at 180 days after
planting) and yield attributing parameterswererecorded
from five randomly selected plants per replication.
Rhizome yield was taken on net plot basis at harvest
and projected yield was cal cul ated on the basis of yield
per plot, considering the 75 per cent area occupied by
the crop (Anon., 1995).

For determination of dry recovery the composite
sample were kept at 70°C till constant weight. The
curcumin and oleoresin content were estimated using
air condenser and chromatographic column respectively.
(Sadasivam and Manickam, 1996).
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RESUL TSAND DISCUSSION

Datafurnished inthetables 1to 4, clearly revealed a
number of interesting features on growth, yield and
quality parameters of turmeric.

In pooled data, at 180 DAP, the plants fed with
vermicompost + K (100%) + K mobilizer recorded
maximum plant height (181.70 cm) followed by compost
+ K (100%) + K mobilizer (178.23 cm) followed by
compost + K (75%) + K mobilizer (172.77 cm). The
minimum height was observed in vermicompost + K
(50%) [152.57 cm] combination as compared to 159.07
cm height under recommended NPK applied asinorganic
(Table l). Thefavourableeffect of organic manuresover
soleinorganic was well documented and some additive
effects were also observed with K mobilizer over
recommended NPK (inorganic) application.

At 180 DAP, the plants grown under compost + K
(75%) + K mobilizer produced maximum tiller of 3.46
followed by compost + K (100%) + K mobilizer (3.16)
in pooled data (Table 1). In respect of tiller production
the application of compost seems better as compared to
vermicompost and K mobilizer acts in better way with
75% inorgani ¢ potash as compared to 100% potash. The
additive effects of biofertilizer were also noticed.

At 180 DAP, in pooled data the combination of
vermicompost + K (100%) + K mobilizer produced
maximum leaf number of 19.65 followed by compost +
K (100%) + K mobilizer (19.35) and the least |eaf
number of 16.93 was noticed with vermicompost +K
(50%). The leaf number of 17.32 was observed under
recommended NPK (inorganic) at 180 DAP, respectively
(Table 1).

Maximum clump weight of 301.04 g, 369.68 g and
335.36 g were noticed in the year 2012, 2013 and in
pooled data, respectively under vermicompost + K
(100%) + K mobilizer combination (Table 2). But the
minimum clump weight of 193.56 g 216.64 g and 205.10
gwererecorded under compost + K (50%) combination.
Thenext best trestment in thisrespect was vermicompost
+ K (75%) + K mobilizer (307.23 g) as per pooled data.
The plants fed with recommended NPK (inorganic)
recorded the clump weight of 252.88 g.

With regard to length, the longest clump of 17.73
cm and 19.88 cm were recorded with vermicompost +
K (50%) + K mobilizer and vermicompost + K (75%) +
K mobilizer during theyear 2012 and 2013, respectively
(Table 2). As per pooled data, the maximum length
(17.85 cm) wasrecorded with vermicompost + K (100%)
+ K mobilizer followed by compost + K (100%) + K
mobilizer (17.76 cm) and vermicompost + K (75%) + K
mobilizer (17.64 cm) as compared to minimum length
of 15.71 cm under vermicompost + K (75%). The plants
raised under recommended NPK (inorganic) produced
the clump of 16.40 cm length.



Table 1: Influence of manures and potassic mobiliser on growth of turmeric at 180 DAP
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Treatments Plant height (cm) No. of tillersclump?  No. of leavesclump?
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled
Compost + K 100% + KM 169.34 187.12 17823 335 297 316 20.34 1836 19.35
Compost + K 75% + KM 161.20 184.33 17277 364 328 346 1632 20.14 18.23
Compost + K 50% + KM 158.02 17831 168.17 251 235 243 1566 19.73 17.70
Vermicompost + K 100% + KM 178.07 185.33 181.70 290 262 276 19.06 20.24 19.65
Vermicompost + K 75% + KM~ 14820 19216 170.18 262 222 242 1648 19.04 17.76
Vermicompost + K 50% + KM~ 14321 164.12 153.67 215 177 196 15.62 18.86 17.24
Compost + K 100% 14953 162.66 168.10 263 209 236 17.37 2093 19.15
Compost + K 75% 141.60 18266 162.13 216 168 192 16,53 20.39 18.46
Compost + K 50% 148.09 179.25 163.67 228 184 206 1533 19.67 17.50
Vermicompost + K 100% 151.26 169.78 160.52 233 195 214 1829 16.63 17.46
Vermicompost + K 75% 14853 16491 156.72 220 172 196 1846 1651 17.50
Vermicompost + K 50% 141.13 164.01 15257 196 150 173 1466 19.20 16.93
Recommended NPK (inorganic) 148.80 169.33 159.07 234 196 215 1859 16.05 17.32
SEm (%) 3.39 4.32 258 022 025 025 1037 045 0.30
L SD (0.05) 9.90 12.61 733 065 074 070 NS 131 086

Note: DAP = days after planting; KM = potassic mobilizer; NS= non significant

Table 2: Influence of manures and potassic mobilizer on clump characters of turmeric

Treatments Weight of clump (g) Length of clump (cm) Breadth of clump (cm)
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled
Compost + K 100% + KM 276.67 32823 30245 16.14 19.38 17.76 2355 21.63 2259
Compost + K 75% + KM 268.84 306.22 287.53 17.66 16.25 16.96 24.83 23.71 24.27
Compost + K 50% + KM 218.33 24279 23056 15.87 17.58 16.73 21.35 2229 21.82
Vermicompost + K 100% + KM 301.04 369.68 335.36 17.44 1825 17.85 2289 25.61 24.25
Vermicompost + K 75% + KM~ 266.12 348.34 307.23 15.39 19.88 17.64 20.74 2412 2243
Vermicompost + K 50% + KM~ 238.46 240.38 239.42 17.73 16.33 17.03 19.70 21.94 20.82
Compost + K 100% 231.12 31920 257.16 1572 16.45 16.09 22.88 21.76 22.32
Compost + K 75% 24234 262.72 25253 16.27 17.65 16.96 25.15 22.13 23.64
Compost + K 50% 19356 216.64 205.10 1594 16.54 16.24 19.82 2228 21.05
Vermicompost + K 100% 287.94 317.18 30256 1650 16.17 16.37 23.22 22.09 22.65
Vermicompost + K 75% 263.04 276.21 269.62 16.45 16.29 15.71 2256 20.29 21.43
Vermicompost + K 50% 201.51 230.55 216.03 14.83 16.58 16.21 18.84 21.96 20.46
Recommended NPK (inorganic) 248.70 257.06 252.88 16.22 16.58 16.40 20.62 2250 21.56
SEm (2) 6.33 5.46 424 009 057 025 095 109 1.05
L SD (0.05) 1847 1592 1205 025 NS 071 NS NS NS

Maximum breadth of clump of 25.15 cm and 25.61
cmwere noticed with treatment combination of compost
+ K (75%) and vermicompost + K (100%) + K mobilizer
during the year 2012 and 2013, respectively (Table 2).
As per pooled data, maximum breadth of clump of 24.27
cm was noticed in compost + K (75%) + K mobilizer
followed by vermicompost + K (100%) + K mobilizer
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(24.25 cm) and compost +K (75%) [23.64 cm] as
compared to minimum breadth of 20.46 cm under
vermicompost + K (50%). The plant grown under
recommended NPK (inorganic) recorded clump breadth
of 21.56 cm.

The plants raised under treatment vermicompost +
K (100%) + K mobilizer recorded maximum plot yield
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Table 3: Influence of manures and potassic mobilizer on yield of turmeric

Treatments Yield per plot (kg) Projected yield (t ha?)
2012 2013 Pooled 2012 2013 Pooled
Compost + K 100% + KM 11.23 13.67 12.45 28.08 34.18 31.13
Compost + K 75% + KM 10.68 12.48 11.58 26.70 31.20 28.95
Compost + K 50% + KM 8.79 10.33 9.56 21.98 25.83 23.90
Vermicompost + K 100% + KM 11.84 14.04 12.94 29.60 35.10 32.35
Vermicompost + K 75% + KM 11.06 13.46 12.26 27.65 33.65 30.65
Vermicompost + K 50% + KM 9.06 11.18 10.12 22.65 27.95 25.30
Compost + K 100% 10.11 12.45 11.28 25.28 31.13 28.20
Compost + K 75% 9.66 11.64 10.65 24.15 29.10 26.63
Compost + K 50% 8.35 9.59 8.97 20.88 23.98 22.43
Vermicompost + K 100% 11.16 12.78 11.97 27.90 31.95 29.93
Vermicompost + K 75% 10.36 12.14 11.25 25.90 30.35 28.13
Vermicompost + K 50% 8.74 10.26 9.50 21.85 25.65 23.75
Recommended NPK (inorganic) 9.43 12.27 10.85 23.58 30.68 27.13
SEm (z) 0.23 0.35 0.35 1.07 0.83 0.96
L SD (0.05) 0.67 1.03 1.03 3.13 243 2.72

Table 4: Effect of manures and potassic maobilizer on quality of turmeric

Treatments Dry recovery (%) Curcumin (%) Oleoresin (%)
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled
Compost + K 100% + KM 2252 2316 2284 633 671 652 1056 10.88 10.72
Compost + K 75% + KM 2192 2264 2228 612 626 619 9.68 10.64 10.16
Compost + K 50% + KM 2168 2138 2153 542 594 568 984 972 978
Vermicompost + K 100% + KM~ 21.9 2274 2232 573 619 596 1036 1092 10.64
Vermicompost + K 75% + KM 2227 2143 218 6.38 647 643 11.22 11.34 11.28
Vermicompost + K 50% + KM 21.4 20.92 21.16 526 572 549 1084 11.08 10.96
Compost + K 100% 20.9 2162 2126 561 58L 571 942 974 958
Compost + K 75% 20.13 2153 2083 534 574 554 964 10.28 9.96
Compost + K 50% 1892 2012 1952 503 525 514 944 1032 9.88
Vermicompost + K 100% 20.69 2183 2126 556 596 576 998 10.38 10.18
Vermicompost + K 75% 2042 2124 2083 6.05 577 591 1015 965 9.90
Vermicompost + K 50% 1958 21.36 2047 506 558 567 1024 972 9.98
Recommended NPK (inorganic) 19.92 2056 2024 532 494 513 957 1015 9.86
SEm (1) 0.73 0.47 062 015 013 014 019 0214 o011
L SD (0.05) 2.13 1.38 174 043 037 039 056 042 0.33

(12.94 kg) followed by compost + K (100%) + K
mobilizer (12.45 kg) (Table 3). The plot yield under
recommended NPK (inorganic) was 10.85 kg. The
highest yield per hectare (32.35t hat) wasrecorded with
vermicompost + K (100%) + K mobilizer followed by
compost + K (100%) + K mobilizer (31.13 t/ha) and
vermicompost + K (75%) + K mobilizer ascompared to
lowest yield (22.43 t ha') under compost + K (50%)
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combination. The projected yield under recommended
NPK (inorganic) was 27.13 t ha. The resultsindicated
the better performance of bio-inoculants with
vermicompost as compared to compost and additive
effectsof organicswith recommended dose of inorganics
was al so observed. Results a so indicate the chances of
25% saving of inorganic potassium through
biofertilizer.



Maximum dry recovery of 22.52, 23.16 and 22.84
per cent were noticed in combination of compost + K
100% + K mobilizer during the year 2012, 2013 and in
pooled data (Table4). Minimum dry recovery (19.52%)
was observed in compost + K (50%). As per the pooled
data maximum curcumin content was recorded with
compost + K (100%) + K mobilizer (6.52%) followed
by vermicompost + K (75%) +K mobilizer (6.43%) as
compared to the lowest curcumin content (5.13%) in
recommended NPK (inorganic). According to pooled
datathe plantsraised under vermicompost + K (75%) +
K mobilizer recorded the highest oleoresin content
(11.28%) of followed by vermicompost + K (50%) + K
mobilizer (10.96%) ascompared to thelowest oleoresin
(9.58%) content under compost + K (100%).

The combination of potassic mobilizer along with
inorganic fertilizer and compost or vermicompost
performed better over cent per cent inorganic nutrition.
The higher and easily available nutrient content in
vermicompost and their better uptake by the plants might
be the reason for the highest rhizome yield in this
treatment (Shamrao et al., 2013). Vermicompost contains
a higher percentage of nutrients necessary for plant
growth in readily available forms. The higher nutrient
content in vermicompost coupled with their easy and
extended availability and better uptake brought about
by the microbial action might have resulted in higher
yield inthistreatment. The superiority of vermicompost
inincreasing theyield and net returnsin kasthuri turmeric
has already been reported by Nirmalatha (2009).
Combined application of biofertilizers and inorganic
fertilizers had beneficial effect on yield and yield
attributing characters. Theincreaseinyield waslargely
as consequence of the cumulative effect of plant growth.
Potassium nutrition of spices showed that potassium is
the second most important nutrient element next to
nitrogen for growth and development of spice crops. It
helps is several physiological processes and uptake of
other nutrient elements. It improves quality (oil and
oleoresins) and yield of spices (Sadanandam, 1993). An
increased inyield was noticed in treatment combination
of 100% NPK + compost or vermicompost + K mobilizer
as compared to NPK (100%) inorganic + compost or
vermicompost. K mobilizer increased K availability in
soils and increased mineral content in the plant (Sheng
et al., 2002). K mobilizer causes significantly higher
release of potassium at 60 days after inoculation. The
uptake of P and K was also increased significantly by
applying these inoculants in the soil. The inoculants K
mobilizer may resulted in solubilizing the non-
exchangeabl e potassium to exchangeableform and same
trend of results were recorded by Richards and Bates
(1989). Studies conducted by different workerson effect
of KSB inoculation on crop yields indicate increase in
yield by 10-20% with increased K-uptake by the crop
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uptake of P also increased due to inoculation of K
mobilizer (Yadav and Chandra, 2012). The increasein
growth attributesdueto increasein fertilizer application
maly be ascertained to increased amount of nutrientssuch
asnitrogen, phosphorus and potassium in plants, leading
to increased formation of plant metabolites that help to
build up the plant tissues (Claypool, 1936 and Childers,
1996). Application of compost or vermicompost
improves the sail tilth and aeration, increases the water
holding capacity of the soil and stimulates the activity
of micro-organisms that makes the plant food elements
in the soil readily available to the crops as compared to
only NPK (100%) without any organic inputs. The
positiveinfluence of biofertilizers onthe various growth
and yield parameters observed in the present study were
dueto enhanced uptake of nutrientsby the plants (Borea,
1991). Manohar Rao et al. (2005) recorded the highest
curcumin and oleoresin with Neem cake+ FYM + NPK
(100%) as compared to recommended dose of fertilizer
aone. Higher curcumin content in turmeric with organic
amendment was al so reported by Rao and Swamy (1978).
Improvement in quality parameters might be due to
increased uptake of NPK due to bio inoculants.
utilization of organic fertilizer could be better preposition
for improving biological attributes of soil, whichinturn
may increase quality and productivity potential of various
crops (Allen et al., 2002). Under integrated nutrient
management (INM) i.e. with manures, potassic
biofertilizersand inorganic potassic fertilizers, the most
effective treatment was compost + K (100%) + K
mobilizer followed by vermicompost + K (100%) + K
mobilizer for production of turmeric under new aluvial
plains of West Bengal. The favourable effect of
biofertilizers over recommended dose of NPK was
observed. The results also indicate the chance of
reduction of 25% inorganic potassic fertilizer through
inoculation of potassic mobilizer.
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