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Turmeric (Curcuma longa L.) is one of the important spice crops currently
receiving research attention to increase production and quality. A field experiment was
therefore conducted at the Medicinal and Aromatic Plants Project, Anand Agricultural
University, Anandin 2012-13 and 2013-14 to determine the effect of variety, planting
material, plant growth bio-regulant on growth, yield and quality performance of turmeric.
Under the main plot treatment consists of two varieties of turmeric, Gujarat navsari
Turmeric-1 (V,) and Sughandhum (V,) along with two planting materials like mother
(M,) and finger (M,) rhizome of each variety. In sub plot treatments consists of foliar
spray of plant growth bio-regulant at 90 days after planting, which included of IBA at
two levels (100 and 200 mg 1), NAA (50 and 100 mg I'") and KNO, (2000 and 4000 mg 1*)
with control (without spray). The growth, yield and quality contributing parameters
were significantly differed during the individual years. The results revealed that mother
rhizomes used as a planting material of variety Gujarat Navsari Turmeric-1 with NAA @
100 mg I had significant effect for plant height, leaf length, leaf width, number of leaves
and tillers per plant; yield (t ha') as well as higher curcumin content (%) were also
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observed.
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Turmeric, the dried underground
rhizomes of Curcuma longa L. is one of the
horticultural and commercial spice crops produced
inIndiaaswell asin other tropical and sub-tropical
regions of the world. India is the single largest
producer of turmeric and it contributes 94% of the
world’s demand (Anon. 2005).Indian turmeric is
considered as the best in the world because of its
high curcumin content. Curcumin is basically
colouring compound present in turmeric
underground rhizomewhich iscommonly used as
natural colouring agent for food, cosmetics and
dyes. Theactive principles present in turmericis
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curcuminoids, a sequisterpenecompound isknown
to have lots of medicina properties like in the
treatment of circulatory problems, liver disorders,
dermatological disorders as well as menstrual
disorders (Ishimine et al., 2003). The other
constituents are carbohydrate (69.43%), protein
(6.30%) and minerals (3.50%) on dry weight basis
(Olojedeet al., 2005). Turmeric requiresahot and
moist climate, fairly heavy rainfall for the first 2
months after planting is essential for sprouting,
root and shoot emergence with a soil pH range of
4.3t07.5.

Turmeric is vegetatively propagated
through its fingers or rhizomes. Therefore, large
amount of planting materialsisrequired for planting
per unit area. Planting material plays a very
important rolein production cost. Various opinions
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are found regarding the use of planting material.
The mother rhizomes used as planting materials
observed higher yield over the finger rhizomes
(Singhetal., 2013; Padmadevi et al., 2012; Manhas
etal., 2010; Balwinder and Gill, 2010). Plant growth
hormones and other inorganic nutrients are
required adequately at right stages of plant growth
anditsplay avery important role on the vegetative
and reproductive phages to complete their life
cycle. Now a day, many synthetics hormones are
availablein market and employed by thefarmersto
accel erate the growth and devel opment of any plant.
Various process are incorporate with PGRs
including cell division, cell elongation, enhance
the source-sink relationship and stimulate the
translocation of photo-assimilatesthereby helping
in effective flower formation, fruit and seed
development and ultimately enhance the
productivity of crops. On these backgrounds the
present investigation was carried out to study the
use of different planting materials and foliar
application of IBA, NAA and KNO, on growth,
yield and quality of turmeric crop under middle
Gujarat agro climatic condition.

MATERIALS AND METHODS

The field experiment was conducted
during the Summer-Kharif2012-13 and 2013-14at
Medicinal and Aromatics Plants Project, Anand
Agricultural University, Anand. The area is
characterized by low and erratic rainfall with mean
annual rainfall of 864 to 870 mmwith peaksin July
to August and soil type is typical sandy loam
locally known as* Goradu”.

The experiment waslaid out in SPD with
three replications which consists of main plot
treatments viz., varieties[(Gujarat Navsari Turmeric-
1(V,) and Sughanghum (V)] and planting materials
[mother rhizome (M,) and finger rhizome (M,)]
along with seven sub-plot treatments (T) viz, T,-
IBA@100mgl*, T-IBA@40mgl*, T,-NAA @50
mgl*, T,-NAA @100mgl, T.- KNO,@ 2000 mgl
4, T, KNO,@4000mg ™, T,-control (without spray)
were applied at 90 days after planting (DAP) asa
foliar application. The seedlings were planted on
14" and 3 June 2012-13 and 2013-14, respectively
and required agronomic practiceswere followed.

The plant height, leaf length, leaf width,
number of leavesandtillers per plant were recorded
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at 90, 120, 150 and 180 DAS from the randomly
selected five tagged plants from each plot and
average wasworked out and presented in graphical
format (pooled value of thetwo individual years).
As well as the yield (tonnes ha?) and curcumin
content (%) were also analysed with the help of
FT-NIR instrument available at Department of Sail
Sciences, Navsari Agricultural University, Navsari,
Gujarat (Table 1). The statistical analysisof thedata
generated during the course of investigation was
carried out through software following the
procedure described by Walter and Freedom 2007.

RESULTS AND DISCUSSION

Effect of varieties

The growth parameters like leaf length
(29.76, 48.29, 52.54 and 51.33 cm), number of leaves
plant? (5.09, 6.75, 9.10 and 10.33) were recorded
higher under thevariety Gujarat Navsari Turmeric-
1(V,) at 90, 120, 150 and 180 days after planting,
respectively in pooled analysis. Similarly, higher
plant height (97.55, 106.49 and 107.50 cm), leaf width
(13.81, 15.21 and 15.67 cm) and number of tillers
plant(2.73, 3.34 and3.45) wered so noted in Gujarat
Navsari Turmeric-1 at 120, 150 and 180 DAP,
respectively in pooled analysis. While, at initial
growth stages the variety Sughandhum (V,)
recorded higher plant height (51.96 cm), leaf width
(12.90 cm) and number of tillersplant* (2.15) at 90
days after planting in pooled analysis.The
differencesamong varietieswere attributed to their
genetic make-up. The findings were similar with
theresultsreported by the Hazraet al ., 2000, Rao,
2000 and Chandraet al., 1999 inturmeric crop.

The results indicated that significant
differences among the varieties in both the
individual yearsfor yield of turmeric (tonnesha?).
However, it wasnot significant in pooled analysis.
Significantly higheryield (37.36 and 31.31 t ha?)
was recorded under the variety Gujarat Navsari
Turmeric-1(V,) compared to variety Sughandhum
(36.14 and 30.25t ha) during theyear 2012-13 and
2013-14, respectively. In pooled analysis
numericaly higher yield wasregistered with Gujarat
Navsari Turmeric-1 (34.34t ha').The differences
inrhizomeyield observed between varietiesin the
present study may be attributed to their differences
ingrowth habit and inherent potentia yield. Similar
results were obtained by Narayanpur and
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Hanamashetti, 2003, Hazra et al., 2000 and Rao,
2000 inturmeric crop.

Significantly higher curcumin content
recorded with Gujarat Navsari Turmeric-1(3.03 and
2.77 %) compared to Sughandhum (2.65 and 2.37
%) intheyear 2012-13 and 2013-14, respectively. It
was not significant in case of pooled analysisand
numerically higher curcumin content was observed
in the variety Gujarat Navsari Turmeric-1(2.90
%).Thevarieta differencesinturmeric quality were
also reportedby the Pino et al., 2003 and Poduval
et al., 2001inturmeric crop.

Effect of plantingmaterial

L ooking to theresults of various planting

material used as seedling materials showed
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significant differences in growth parameters of
turmeric. The higher plant height (53.17, 98.09,
106.95and 107.98 cm), lesf length (30.55, 45.71, 47.36
and 48.92 cm), leaf width (12.38, 13.95, 14.95 and
15.42 cm), number of leavesplant™ (5.28, 6.91, 9.22
and 10.43) and number of tillersplant™ (2.29, 2.87,
3.41 and 3.54) recorded under the mother rhizome
(M) used as planting material at 90, 120, 150 and
180 DAP, in pooled analysis respectively.This
could beexplainedintermsof sufficient availability
of food reservesin mother rhizome as compared to
the finger rhizome, which probably facilitated
thedevel opment of various physiological formsand
functions. This is in agreement of the finding of
Singh et al., 2013, Padmadevi et al., 2012 and

Table 2. Quality parameters of turmeric as influenced by varieties,
planting materials and plant growth bio-regulant treatments

Treatments Yield (tonnes hat) Curcumin content (%)
2012-13 2013-14 Pooled 2012-13 2013-14  Pooled
Varieties(V)
V, (Gujarat Navsari Turmeric-1) 37.36* 31.31* 34.34 3.03* 2.77* 2.90
V, (Sughandhum) 36.14 30.25 33.20 2.65 2.37 252
SEmt 0.17 0.08 0.17 0.02 0.03 0.02
C. D. (P=0.05) 0.59 0.61 NS 0.08 0.10 NS
Planting materials (M)
M, (Mother rhizome) 38.15* 32.01* 35.08 2.86 2.71* 2.78
M, (Finger rhizome) 35.35 29.56 32.46 2.83 243 2.64
SEmt 0.17 0.08 0.17 0.02 0.03 0.02
C. D. (P=0.05) 0.60 0.61 NS NS 0.10 0.07
C.V.% 6.59 3.69 242 5.49 7.55 7.45
Chemical treatments (T)
T,(IBA@100mg ™) 37.17 31.09 34.13 291 2.61 2.76
T,(IBA @200 mg ™) 36.66 30.67 33.67 2.87 254 272
T,(NAA @50mg ) 38.85* 32.56* 35.71 2.97* 2.63 2.80
T,(NAA @ 100 mg I%) 37.83 31.68 34.76 2.86 2.64 275
T, (KNO, @ 2000 mg I%) 36.49 30.68 33.59 2.84 2.56 2.70
T, (KNO, @ 4000 mg I'%) 36.92 30.84 33.88 2.80 253 2.66
T, Control (without spray) 33.34 27.96 30.65 2.63 251 257
C. D. (P=0.05) 0.90 0.93 NS 0.13 NS NS
Interactions
VxM S.Emz 0.24 0.25 0.25 0.03 0.04 0.04
C. D. (P=0.05) NS NS 0.12 0.15 NS
VXxT S.Em+ 0.45 0.46 0.46 0.06 0.07 0.07
C. D. (P=0.05) NS NS NS NS NS
MxT S.Emz 0.45 0.46 0.46 0.06 0.07 0.07
C. D. (P=0.05) NS NS NS NS NS
VXMXT S.Emz 0.63 0.66 0.65 0.09 0.10 0.09
C. D. (P=0.05) NS NS NS 0.27 NS
C.V.% 297 3.69 3.33 3.33 6.44 5.84

* Significant at 0.05 probability level

NS-Non-significant
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Fig. 1. Mean plant height (cm) asinfluenced by variety, planting material and plant growth bio-regulant treatments
at 90, 120, 150 and 180 DAP
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Fig. 2. Mean |eaf length (cm) asinfluenced by variety, planting material and plant growth bio-regulant treatments
at 90, 120, 150 and 180 DAP
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Fig. 3. Mean leaf width (cm) asinfluenced by variety, planting material and plant growth bio-regulant treatments
at 90, 120, 150 and 180 DAP
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Bawinder and Gill, 2010in turmeric crop.

Results given significant differences for
yield of turmeric as influenced by the planting
materials during both the years. Mother rhizome
(M)) used as planting material recorded
significantly higher yield (38.15 and 32.01 t ha?)
over the finger rhizome (35.35 and 29.56 t ha?)
during theyear 2012-13 and 2013-14, respectively.
In case of pooled analysis it was not significant
and numerically higher yield was registered with
mother rhizome (35.08 t hat').The present
comparative study of different planting materials
used as seeding purposed noted the higher
performance over the finger rhizomes.
Translocation and mobilization of assimilatesand
nutrients from sources are morein mother rhizome

Lk =l
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from which these are further distributed infingers
thereby making the mother rhizomes qualitatively
and quantitatively superior in nature than fingers.
Thus, the plants resulting from mother rhizomes
arevigorousinthetake off stage and further inthe
growing season with better productivity as
compared to the finger rhizomes. These findings
were in accordance with the results reported by
Singhetal., 2013, Padmadevi et al.,2012, Balwinder
and Gill, 2010 and Manhaset al., 2010 in turmeric
crop.

The planting materia mother rhizomewas
registered significantly higher curucmin content
(2.71and 2.78 %) compared to finger rhizome (2.43
and 2.64 %) during the year 2013-14 and in pooled
analysis, respectively. However, it was not
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Fig. 4. Mean number of leaves plant? as influenced by variety, planting material and plant growth bio-regulant
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Fig. 5. Mean number of tillers plant™ as influenced by variety, planting material and plant growth bio-regulant

treatments at 90, 120, 150 and 180 DAP
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significant intheyear 2012-13.Thesefinding were
inagreement with the results described for turmeric
crop by Balwinder and Gill, 2010 and Manhas and
Gill, 2010 inturmeric crop.

Effect of plant growth bio-regulant treatments

Differencesin various growth parameters
due to the plant growth bio-regulants treatments
showed significant for growth parameters of
turmeric. The higher value of growth parameters
i.e. plant height (100.47, 109.14 and 110.12 cm), leaf
width (14.20, 15.20 and 15.63 cm) and number of
leaves plant™ (7.10, 9.48 and 10.64) was recorded
under thetreatment of NAA @ 50mg ™ (T,) at 120,
150 and 180 DAP, respectively in pooled analysis.
Whereas, higher leaf length (29.96, 47.38, 48.80 and
49.97 cm) and number of tillersplant™ (2.23, 2.88,
3.59 and 3.69) at 90, 120, 150 and 180 DAP were
recorded under the treatment of NAA @50 mg I
(T,) compared with other treatments in pooled
analysis.

However, at 90 daysafter planting higher
plant height (52.35 cm) and leaf width (12.24 cm)
was observed in thetreatment of IBA @ 200 mg |-
1in pooled analysis. While, at 90 DAP, higher
number of leaves plant* was recorded under the
treatment of KNO, @ 2000 mg | (5.15).It wasfound
that NAA showed a positive effect among the
different treatments. The application of auxin in
plant has a role in the stimulation of RNA and
protein synthesis and greater enhancement in
photosynthesisrate, increased in cell division, cell
elongation as well as cell wall plasticity which
ultimately showed the enhancement in various
growth parameters. The above finding were in
agreement with the Masroor et al., 2006, Karmur et
al., 2005 and Birbal et al., 2003 in turmeric crop.

The perusal of the data revealed that
effect of different treatmentsfor yield of turmeric
was significant differences in both the years.
Whereas, in pooled analysisit was not significant
and numerically higher yield recorded with NAA
@50mg |1 (35.71t hat) and lower was observed
in control(30.65t hat). Thetreatments of NAA @
50 mg I/(T,) recorded significantly higher yield
(38.85and 32.56 t ha'), and was statistically at par
with NAA @ 100 mg It (37.83 and 31.68 t ha),
whilelower rhizomeyield wasregistered under the
control (33.34and 27.96 t ha') during the year 2012-
13 and 2013-14, respectively.The possible reason
for increased in yield may be due to higher
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photosynthetic activity and producing more
photosynthates by the plant because of auxin
enhanced leaf area and leaf number which would
have resulted in a greater production of
photosynthates and translocation of the same to
rhizome (economic sink) which might have caused
better source sink relationship. The above results
arein agreement with those reported by Karmur et
al., 2005 and Birbal et al., 2003 in turmeric crop.
Significantly higher curcumin content
wasrecorded withNAA @ 50 mg 1 (2.97 %) which
wasat par with T, (2.91 %), T,(2.87 %) and T ,(2.86
%) while, lower curcumin content was observedin
control (2.63 %) in the year 2012-13. During the
year 2013-14, treatmentsof NAA @ 100mg (T )
was registered numerically higher curcumin
content (2.64 %) followed by T,(2.63 %) and T,
(2.61%). However, in pooled analysisit was higher
with NAA @ 50 mg | (2.80 %).The results were
supported by the observation of Karmur et al.,
2005 and Lynrah et al., 2002 with turmeric crop.

CONCLUSON

From the result, it can conclude that
variety Gujarat Navsari Turmeric-1 with mother
rhizome used as planting material produce higher
quantitative and qualitative yield. In addition to
thisamong the growth regulators, NAA @50 mg I
Lasfoliar application at 90 days after planting was
found the most beneficial and efficient treatment
for luxurious growth and devel opment of turmeric
and finally increased in yield and quality
parameters.
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