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ABSTRACT: The present investigation entitled “Impact of metabolite elicitors on growth and yield
characteristics in turmeric (Curcuma longa L.) at high altitude zone of Andhra Pradesh” is carried out at
HRS, Chintapalli, Dr. Y.S.R. Horticultural University, during Kharif 2017 and 2018. The metabolite
elicitors chitosan and salicylic acid were administered to two varieties, Mydukur and Roma, in the form of
seed treatment and foliar spray. At 180 days after transplanting (DAT), growth characteristics were noted.
At harvest, yield was noted at 250 DAT for the variety Roma and 270 DAT for the variety Mydukur.
Pooled data over two years (2017-18 & 2018-19) on growth parameters and yield revealed significant effect
on plant height (103.21 cm), number of leaves plant'1 (11.49), leaf length (44.48 cm), leaf width (11.56 cm),
number of tillers plant™! (1.68), fresh weight plant™ (439.52 g) and yield plot” (8.38 kg) were recorded in the
variety Roma. Significantly superior plant height (96.32 cm), number of leaves plant! (12.15), leaf length
(44.97 cm), leaf width (12.09 cm), number of tillers plant” (1.75), fresh weight plant™ (419.98 g) and yield
plot? (7.67 kg) were recorded in the foliar application of chitosan @ 100 ppm as the effect of metabolite
elicitors through foliar application is observed superior to seed treatment. The combinations of variety
Roma + chitosan @ 100 ppm (S), Roma + chitosan @ 100 ppm (F) and chitosan @ 100 ppm (S) + chitosan
@ 100 ppm (F) recorded significantly highest growth and yield characteristics. The three-way interaction
Roma + chitosan @ 100 ppm (S) + chitosan @ 100 ppm (F)recorded superior plant height (113.80 cm),
number of leaves plant! (13.74), leaf length (50.76 cm), leaf width (13.34 cm), number of tillers plant?!
(2.24), fresh weight plant! (527.74 g) and yield plot™! (10.87 kg) and lowest was recorded with Mydukur +
no seed treatment + water spray.

Keywords: Turmeric, Elicitors, Growth, Yield, Chitosan, Salicylic Acid, Mydukur, Roma, High altitude zone of
Andhra Pradesh.

INTRODUCTION

One essential spice that is used frequently for flavour is
turmeric (Curcuma longa L.). In Andhra Pradesh,
districts like Cuddapah, Guntur, Krishna, Kurnool, and
Vishakhapatnam record major contribution in both area
and production of turmeric. Turmeric rhizomes are rich
in essential oils (5%) and curcuminoid pigments (6%)
in addition to having significant amounts of proteins
(6.3%), lipids (5.1%), carbs (69.4%), and fibre (2.6%)
(Ojikpong, 2018). According to a recent survey, more
people are using Indian turmeric for both food and non-
food purposes, which has increased both its export and
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demand (Ray ef al., 2016). Curcumin, the primary
biologically active secondary metabolite of turmeric,
has a wide range of biological qualities, including those
that are anti-inflammatory, anti-mutagenic, anti-
carcinogenic, and anti-angiogenic (Kunnumakkara et
al., 2007; Lan et al., 2019).

Due to the widespread acceptance of turmeric's use and
the value-added goods it produces, more turmeric must
be produced to satisfy its demand. Elicitors are
chemical substances with a wide range of sources that
can cause physiological and morphological reactions
that lessen stress and hasten the synthesis of beneficial
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secondary metabolites. Along with their effects on plant
components, chitosan and salicylic acid as metabolite
elicitors are considered crucial for enhancing vegetative
and generative growth. Chitin can be converted into
chitosan by removing the acetyl group and changing it
to an amino group, which is a natural biopolymer.
Numerous studies revealed that adding chitosan to
many crops boosted their vegetative growth and output
including Castro et al. (2016) on coriander; Mahdavi,
(2013) on isabgol; Yin et al. (2012) on Greek oregan;
Lei et al. (2011) on artemisia and Kim et al. (2005) on
basil. Chitosan has also gained recognition as a product
to improve crop production because of its bioactivities,
which include biodegradability, seed germination and
growth stimulation, and increased nutrient uptake
(Hadrami et al., 2010; Hadwiger, 2013). Salicylic acid,
a phenol found in plants, controls seed germination and
vegetative growth, contributing to the growth and
development of plants. The activation of metabolic
pathways linked to plants' tolerance mechanisms is
regulated by salicylic acid. Salicylic acid's role in
nutrient intake, membrane stability, water relations,
stomatal regulation, photosynthesis, and growth have
all been linked to its potential to reduce the effects of
abiotic stress on plant growth. (Khan et al., 2003 and
Stevens et al., 2006).

Hence, the study was undertaken with an objective to
evaluate the effect of metabolite elicitors on growth and
yield in turmeric at high altitude zone of Andhra
Pradesh.

MATERIALS AND METHODS

The experiment is conducted during Kharif 2017-2018
and 2018-2019 at Horticultural Research Station,
Chintapalli. The location comes under the high-altitude
tribal zone of Andhra Pradesh and is situated at an
altitude of 839 m above mean sea level with 17.86 ° N
latitude and 82.35° E longitude. The soil is an alluvial
type having a good drainage facility and moderate
water holding capacity. The experiment was conducted
in factorial concept with three factors viz., varieties,
seed treatment and foliar application of chitosan and
salicylic acid with no use of elicitor in both the
methods. There were two levels of varieties (Mydukur
and Roma), three levels each in seed treatment and
foliar spray (chitosan @ 100 ppm, salicylic acid @ 100
ppm and no use of elicitor), thus making eighteen
treatment combinations replicated thrice.

Seed material (thizomes) of variety Mydukur was
obtained from farmers’ field near Thumuluru village of
Guntur District and variety Roma was collected from
HRS, Chintapalli. Healthy rhizomes were cut into 5 g
single bud rhizome pieces and the rhizome pieces of
individual treatments were dipped in chitosan and
salicylic acid solutions, respectively for 30 minutes and
were shade dried before sowing in protrays which were
filled with coco peat, vermiculite and perlite (2:1:1).
Irrigation was given with rose can and sprinklers. The
land was thoroughly ploughed for 2-3 times with mould
board plough and brought into a fine tilth by harrowing.
The entire experimental area was levelled and raised
beds with ridges were made. Transplanting was done
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after 40 days of sowing at the three to four-leaf stage.
The seedlings were planted at a spacing of 45 cm
between the rows and 20 cm between the plants. The
plants of individual treatments were sprayed with
respective metabolite elicitors solutions at 60, 90, and
120 DAT using hand-held sprayer. While the plants in
the control plots were sprayed with distilled water.

The data on plant height, number of leaves plant™, leaf
length and width, number of tillers plant! and fresh
weight plant! were recorded from five randomly
selected plants from each treatment in each replication
at 180 DAT and yield plot! at the time of harvest i.e.
250 DAT in the variety Roma and 270 DAT in the
variety Mydukur.

RESULTS

Observations on growth parameters viz., plant height,
number of leaves plant!, leaf length and width, number
of tillers plant, fresh and dry weight plant! and were
recorded at 180 DAT (60 days after the third spray).
Plant height (cm). The pooled data on plant height
clearly shows that plant height varied significantly
among the varieties and methods of application of
metabolite elicitors at 180 DAT. At 180 DAT, the
highest plant height was recorded in the variety Roma
(103.21 cm). The highest plant height (93.63 cm) was
recorded in seed treatment (S) with chitosan @ 100
ppm. The foliar spray (F) of chitosan @ 100 ppm was
significantly superior and recorded highest plant height
of 96.32 cm. The combination of variety Roma +
chitosan @ 100 ppm (S) recorded significantly highest
plant height (106.82 cm) and the variety Mydukur + no
seed treatment recorded lowest plant height (75.90 cm).
In the varietal interaction with foliar spray, the variety
Roma + chitosan @ 100 ppm (F) recorded significantly
highest plant height (109.30 cm) and Mydukur + water
spray recorded lowest plant height (73.02 cm).In the
interaction of seed treatment with foliar spray, chitosan
@ 100 ppm as both seed treatment and foliar spray
exhibited significantly highest plant height (99.83 cm)
and lowest plant height was recorded with no seed
treatment + water spray (82.99 cm).The three-way
interaction effect of the variety with seed treatment and
foliar spray of elicitors on plant height was found
significant. Highest plant height (113.80 cm) was
recorded in the variety Roma + chitosan @ 100 ppm (S)
+ chitosan @ 100 ppm (F) and lowest plant height
(71.17 cm) was observed in the variety Mydukur + no
seed treatment + water spray (Table 1).

Number of leaves plant’. From the pooled data
obtained it was found that number of leaves plant
differed significantly between the varieties. Roma
recorded significantly higher number of leaves (11.49)
in the high-altitude zone of Chintapalli at 180 DAT. In
methods of application of metabolite elicitors, seed
treatment with chitosan @ 100 ppm exhibited
significantly maximum number of leaves plant’!
(11.72). Chitosan @ 100 ppm as foliar spray was
significantly superior and recorded the maximum
number of leaves plant! (12.15). The combination of
variety Roma + chitosan @ 100 ppm (F) recorded
significantly maximum number of leaves plant™! (12.64)
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and Mydukur + water spray recorded minimum number
of leaves plant™ (8.60). Application of chitosan @ 100
ppm (S) + chitosan @ 100 ppm (F) recorded
significantly greater number of leaves plant! (13.19)
whereas, no seed treatment + water spray recorded
minimum number of leaves plant! (8.90). Higher
number of leaves plant! (13.74) was recorded in the
three-way interaction of variety Roma + chitosan @
100 ppm (S) + chitosan @ 100 ppm (F) and lesser
number of leaves plant’! (8.03) were recorded in the
variety Mydukur + no seed treatment + water spray
(Table 2).

Leaf length (cm). The pooled data referring to leaf
length in response to varieties, methods of application
of metabolite elicitors as seed treatment and foliar
application and their interactions was presented in
Table 3.

At 180 DAT, the variety Roma recorded maximum leaf
length (44.48 cm). Seed treatment with chitosan @ 100
ppm recorded significantly highest leaf length i.e. 43.26
cm. Foliar spray with chitosan @ 100 ppm recorded
significantly greater leaf length of 44.97 cm. All the
interactions exhibited significant influence onleaf
length. The interaction of the variety Roma + chitosan
@ 100 ppm (S) recorded superior leaf length (46.19
cm) and minimum leaf length was recorded with the
combination of variety Mydukur + no seed treatment
(31.64 cm). Interaction between the variety Roma +
chitosan @ 100 ppm (F) recorded maximum leaf length
(48.23 cm) and minimum leaf length was recorded with
the interaction Mydukur + water spray (33.32 cm).
Seed treatment and foliar spray both with chitosan @
100 ppm recorded significantly maximum leaf length
(47.68 cm) and the minimum leaf length was recorded
in the combination of no seed treatment + water spray
(35.97 cm). Significantly highest leaf length (50.76 cm)
was recorded in the variety Roma + chitosan @ 100
ppm (S) + chitosan @ 100 ppm (F) and the lowest leaf
length (31.64 cm) was observed in the variety Mydukur
+ no seed treatment + water spray.

Leaf width (cm). The pooled data relevant to leaf
width in response to varieties, method of application of
metabolite elicitors as seed treatment and foliar
application and their interactions are presented in Table
4. At 180 DAT, the variety Roma (11.56 cm)
outperformed well. Seed treatment with metabolite
elicitor chitosan @ 100 ppm recorded significantly
maximum leaf width (11.72 cm). Foliar spray with
metabolite elicitor chitosan @ 100 ppm recorded
significantly highest leaf width 12.09 cm. All the two-
way interactions exhibited significant influence on leaf
width except for the varietal interaction with seed
treatment. The combination of variety Roma + chitosan
@ 100 ppm (F) recorded maximum leaf width (12.58
cm) and the minimum leaf width was recorded with
Mydukur + water spray (9.55 cm). Application of
chitosan @ 100 ppm as both seed treatment and foliar
spray recorded significantly maximum leaf width
(12.14 cm) and minimum leaf width (10.11 cm) was
recorded with no seed treatment + water spray. The
three-way interaction effect of the variety with seed
treatment and foliar spray of metabolite elicitors
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exhibited significant effect on leaf width. Roma +
chitosan @ 100 ppm (S) + chitosan @ 100 ppm (F)
recorded maximum leaf width (13.34 cm) and
minimum leaf width (9.04 cm) was observed with
Mydukur + no seed treatment + water spray.

Number of tillers plant™. The pooled data referring to
number of tillers plant™ in response to varieties, method
of application of metabolite elicitors as seed treatment
and foliar application and their interactions at 180 DAT
are presented in Table 5. The mean number of tillers
plant’ in the variety Roma is 1.68. As regards to the
methods of application of metabolite elicitors, seed
treatment with chitosan @ 100 ppm recorded
significantly highest number of tillers plant! (1.63).
Foliar application of chitosan @ 100 ppm exhibited
greater number of tillers plant! (1.75). The varietal
interaction with methods of elicitor application
exhibited significant influence on number of tillers
plant! except for varietal interaction with seed
treatment. The variety Roma + chitosan @ 100 ppm (F)
recorded significantly maximum number of tillers
plant! (1.75) and Mydukur + water spray recorded
minimum number of tillers plant (1.05). The combined
application of chitosan @ 100 ppm (S) + chitosan @
100 ppm (F) recorded significantly maximum number
of tillers plant! (1.99) and minimum number of tillers
plant! was recorded with no seed treatment + water
spray (1.22). The interaction effect of the variety with
seed treatment and foliar spray of metabolite elicitors
exhibited significant on number of tillers plant™.
Greater number of tillers plant! (2.24) was recorded
with Roma + chitosan @ 100 ppm (S) + chitosan @
100 ppm (F) and minimum number of tillers plant’
(0.70) was observed in the interaction of variety
Mydukur + no seed treatment + water spray.

Fresh weight plant™ (g). At 180 DAT, varieties and
methods of application of elicitors showed significant
effect on fresh weight plant!. The variety Roma
recorded maximum fresh weight plant! (439.52 g).
Seed treatment with chitosan @ 100 ppm recorded
significantly maximum fresh weight plant! (398.44 g).
Foliar spray with metabolite elicitor chitosan @ 100
ppm recorded significantly highest fresh weight plant™
(419.98 g). Interactions exhibited significant influence
on fresh weight plant!. The combination of Roma +
chitosan @ 100 ppm (S) recorded maximum fresh
weight plant!(459.40 g) and minimum fresh weight
plant!(274.64 g) was recorded in Mydukur + no seed
treatment. Variety Roma + chitosan @ 100 ppm (F)
recorded significantly maximum fresh weight plant!
(492.82 g) and minimum fresh weight plant” (257.28 g)
was recorded in Mydukur + water spray. Interaction of
methods of application of metabolite elicitors i.e. seed
treatment and foliar spray both with chitosan @ 100
ppm recorded significantly maximum fresh weight
plant! (453.72 g) whereas minimum fresh weight
plant! (294.54 g) was recorded with no seed treatment
+ water spray. Significantly highest fresh weight plant’!
(527.74 g) was recorded in the combination of variety
Roma + chitosan @ 100 ppm (S) + chitosan @ 100
ppm (F) whereas, lowest fresh weight plant™! (237.68 g)
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was recorded in Mydukur + no seed treatment + water
spray.

Yield plot™ (kg). Varieties and methods of application
of elicitors exhibited significant influence on yield
plot!. The variety Roma at Chintapalli recorded
superior yield plot! (8.38 kg). Seed treatment with
metabolite elicitor chitosan @ 100 ppm recorded
significantly highest yield plot™ (7.06 kg). Foliar spray
with metabolite elicitor chitosan @ 100 ppm recorded
significantly maximum yield plot! (7.67 kg). All the
interactions exhibited significant influence on yield
plot!. The varietal interaction of Roma + chitosan @
100 ppm (S) recorded maximum yield plot! (9.07 kg)
and the variety Mydukur + no seed treatment recorded
minimum yield plot! (4.02 kg). Significantly highest
yield plot™! (9.98 kg) was recorded in the combination
of variety Roma + chitosan @ 100 ppm (F) and
minimum yield plot! (3.74 kg) was recorded in the
variety Mydukur + water spray. Seed treatment and
foliar spray both with the metabolite elicitor chitosan @
100 ppm recorded highest yield plot™ (8.39 kg) and was
on par with combined application of salicylic acid @
100 ppm (S) + chitosan @ 100 ppm (F) (8.12 kg)
whereas, lowest yield plot! (4.69 kg) was recorded with
no seed treatment + water spray. The combination of
variety Roma + chitosan @ 100 ppm (S) + chitosan @
100 ppm (F) recorded superior yield plot” (10.87 kg)
and was on par (10.52 kg) with Roma + salicylic acid
@ 100 ppm (S) and chitosan @ 100 ppm (F). The
variety Mydukur + no seed treatment + water spray
recorded minimum yield plot™! (3.35 kg).

DISCUSSION

Chitosan may include amino groups that enhance
plants' photosynthetic area, maximise photosynthesis
and ultimately improve plant height because of the
turmeric plants' favourable response to chitosan
concentration (Sofy et al., 2020). Chitosan increases the
plant height of radish, cucumber, and sweet pepper
plants (Farouk et al., 2008). Also, then gumpally (2019)
reported that treatment of chitosan on turmeric
increased plant growth. Chitosan significantly boosted
the number of leaves plant™, which may be related to
its ability to help plants absorb more phosphorus and
potash, which in turn leads to an increase in cell size,
chloroplast growth, and chlorophyll synthesis (Latif and
Mohamed 2016).

Chitosan has significantly increased leaf length and
width, which may be related to an increase in the
availability and consumption of water and vital
nutrients, leading to an increase in the activities of key
enzymes involved in nitrogen metabolism and
improved nitrogen transport, which has accelerated
photosynthesis, growth and plant development (Guan et
al., 2009). These results are similar to Sofy et al. (2020)
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who found that different chitosan concentration
positively improved plant height and other growth
parameters of cucumber plants. Increased uptake of
nitrogen and potassium eventually increases plant
growth  (Ibraheim and Mohsen 2015). The
administration of chitosan through seed treatment and
foliar spray greatly increased the number of tillers,
demonstrating the ability of chitosan to promote higher
differentiation of vegetative buds to produce tillers.
These findings were in consistent with Thengumpally
(2019) in turmeric.

The increment in fresh weight plant” after treatment
with chitosan may be due to its impact on enhancing
uptake and transport of minerals such as nitrogen,
phosphorus and potassium. Anusuya and Sathiyabama
(2016) reported that chitosan (0.1%, w/v) increased
plant height, leaf number and fresh weight per plant in
turmeric.

Chitosan significantly increased turmeric yield, which
may be related to improved photosynthetic pigments
and biochemical plant processes that increased the
amount of photosynthates directed towards the
rhizomes (El-Tantawy, 2009). Our results are similar
with Thengumpally (2019) who reported that the foliar
administration of chitosan had a good improvement in
the turmeric yield. Our findings are also in line with
Ullah et al. (2020) who reported that chitosan increased
yield in tomato.

Salicylic acid promotes plant development by
increasing cell division and elongation as well as
photosynthetic pigment levels, both of which are
connected to increased nutrient intake (Hayat et al.,
2012 ; Pedroso et al., 2019; Bagautdinova et al., 2022)
The bioregulatory effects of salicylic acid on
physiological and biochemical processes in plants, such
as ion uptake, cell elongation, cell division, cell
differentiation, sink/source regulation, enzymatic
activities, protein synthesis, and photosynthetic activity,
as well as an increase in plant antioxidant capacity,
could be responsible for the substance's stimulatory
effect on vegetative growth (El-Tayeb, 2005).
Moreover, the increase in plant height was due to
increase in number of internodes, while the increase in
the fresh weight of turmeric might be attributed to an
increase in number of branches and leaves as well as
leaf area. Our results are in harmony with those of
Manoj (2017); Gharib (2006) on sweet basil and
marjoram. Along with its role in enhancing vegetative
development, salicylic acid also has a good impact on
yield. Similar results were obtained by Manoj (2017) in
turmeric, Hesami et al. (2012) on coriander and Rahimi
et al. (2013) on cumin. They reported that there was an
improvement in yield as a result to foliar application of
salicylic acid.
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Table 1: Effect of metabolite elicitors on plant height (cm) in turmeric at 180 DAT.

Seed freafment (S) 2017-18 2018-19 Pooled
Foliar spray (F) Roma | Mydukur Mean Roma | Mydukur Mean Roma | Mydukur Mean
(V1) (V2) (V1) (V2) V) (V2)
Chitosan @ 100 ppm
) 111.99 | 79.62 9581 | 115.60 | 92.09 | 103.84 | 113.80 | 8586 | 99.83
Chitosan @ 100 ppm 1
Sn Sahcyg; rﬁcdf)@ 100} 10686 | 75.42 91.14 | 110.84 | 88.46 99.65 | 108.85 81.94 95.40
Water spray (Fa) 9537 66.31 80.84 | 100.26 | 80.70 9048 | 97.82 73.51 85.66
Mean 10474 | 7378 | 89.26 | 108.90 | 87.08 97.99 | 10682 | 80.44 | 93.63
Chitosan (;@ )100 PPM | 10835 | 79.27 9381 | 113.87 | 90.53 1022 | 111.11 84.90 98.01
Salicylic Acid @ — U
100 ppm (S,) Sahcyg; rﬁcdf )@ 100} 10065 | 7419 88.42 | 106.35 87.67 97.01 | 10450 | 80.93 92.72
Water spray (Fs) 93.52 70.60 | 82.06 | 97.52 78.15 87.83 | 9552 74.38 84.95
Mean 101.51 | 74.69 | 88.10 | 10591 | 85.45 9568 | 10371 | 80.07 | 91.89
Chitosan (;@ )100 PPM ) 10068 | 7274 86.71 | 10528 | 85.78 9553 | 10298 | 79.26 91.12
No seed — L
treatment(S;) Sahcyg; rﬁcdf )@ 1001 9691 71.00 | 8396 | 102.11 | 83.51 9281 | 9951 77.26 | 88.39
Water spray (Fs) 93.00 66.05 7953 | 96.60 76.29 86.44 | 94.80 71.17 82.99
Mean 96.86 69.93 | 8340 | 101.33 | 81.86 91.59 | 99.10 7590 | 87.50
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F)) 107.01 | 7721 | 9201 | 111.58 | 89.46 | 100.52 | 109.30 | 83.34 | 96.32
Salicylic Acid @ 100 ppm (F,) 10214 | 7354 | 87.84 | 106.43 | 86.54 96.49 | 10429 | 80.04 | 92.17
Water spray (Fs) 93.96 67.65 | 80.81 | 98.12 78.38 8825 | 96.05 73.02 | 84.53
Mean 101.04 | 72.80 10538 | 84.79 10321 | 78.80
Source of variation SE CD at5% SE CD at5% SE CD at5%
m* m* m*
Varieties (V) 0.02 0.07 0.06 0.16 0.04 0.12
Seed treatment (S) 0.03 0.08 0.07 0.20 0.05 0.15
Foliar spray (F) 0.03 0.08 0.07 0.20 0.05 0.15
VxS 0.04 0.11 0.10 0.28 0.07 021
SxF 0.05 0.14 0.12 0.35 0.09 0.26
V x F 0.04 0.11 0.10 028 0.07 021
VxSxF 0.07 0.20 0.17 0.49 0.13 0.37
Table 2: Effect of metabolite elicitors on number of leaves plant'1 in turmeric at 180 DAT.
Seed treatment (S) 2017-18 2018-19 Pooled
Foliar spray (F) Roma | Mydukur Mean Roma | Mydukur Mean Roma | Mydukur Mean
(V1) (V2) (V1) (V2) (V1) (V2)
Ch“osa“(f )100 PP 3 07 12.13 12.60 | 13.79 12.62 1321 | 13.74 12.63 13.19
Chitosan @ 100 ppm ——1-
S Sahcyg; rﬁcdf)@ 100115 00 11.20 11.60 | 1328 12.03 12.66 | 12.84 12.00 1242
Water spray (Fs) 933 8.40 887 | 11.40 10.53 10.97 | 10.16 8.97 9.56
Mean 11.47 1058 | 11.03 | 12.83 1173 | 12.28 | 1225 1120 | 11.72
Ch“osa“(;@ )100 ppm 1553 1160 | 12.07 | 13.55 12.31 12.93 | 1327 11.84 | 12.55
Salicylic Acid @ 100 ——L
ppm (S) Sahcyg; rﬁcdf)@ 10013 10.73 1093 | 1277 11.75 1226 | 11.60 11.20 11.40
Water spray (Fs) 947 8.07 877 | 10.99 10.16 10.57 | 10.04 8.54 9.29
Mean 11.05 1014 | 1059 | 1244 1141 | 11.92 | 11.64 10.53 | 11.08
Ch“osa“(;@ )100 pPm 1053 10.13 10.33 | 1245 11.21 11.83 | 10.90 10.53 10.72
1
No seed treatment(S;) Sahcy;‘; rﬁcdf)@ 1001 10,80 9.33 1007 | 1206 | 1082 | 11.44 | 11.37 9.77 10.57
Water spray (F3) 9.00 7.80 840 | 10.88 9.82 10.35 | 9.50 8.30 8.90
Mean 10.11 9.09 9.60 | 11.80 10.61 | 71.21 | 10.59 9.53 10.06
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F)) 12.05 1129 | 11.67 | 1327 12.05 | 12.66 | 12.64 11.67 | 1215
Salicylic Acid @ 100 ppm (F,) 11.31 1042 | 10.87 | 1271 1153 | 12.12 | 11.94 10.99 | 11.46
Water spray (Fs) 927 8.09 8.68 | 11.09 1017 | 10.63 | 9.90 8.60 9.25
Mean 10.88 9.94 12.35 | 11.25 11.49 | 1042
Source of variation SE CD at5% SE CD at 5% SE CD at5%
m= m* m*
Varieties (V) 0.01 0.04 0.01 0.03 0.02 0.04
Seed treatment (S) 0.02 0.05 0.01 0.04 0.02 0.05
Foliar spray (F) 0.02 0.05 0.01 0.04 0.02 0.05
VxS 0.02 0.06 0.02 0.06 - NS
SxF 0.03 0.08 0.02 0.07 0.03 0.09
V xF 0.02 0.06 0.02 0.06 0.03 0.07
VxSxF 0.04 0.11 0.01 0.03 0.04 0.13
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Table 3: Effect of metabolite elicitors on leaf length (cm) in turmeric at 180 DAT.

Seed treatment (S) Foliar spray (F) 2017-18 2018-19 Pooled
. pray Roma | Mydukur Mean Roma | Mydukur Mean Roma | Mydukur Mean
(V1) V2) V) V2) V) (V2)
Ch“osa“(;@ )100 PP 4811 4226 | 4519 | 53.40 45.37 49.39 | 50.76 43.82 47.29
Chitosan @ 100 ppm 1
Sy Sahcyg; rﬁcdf)@ 1001 4so4 | 2008 | 4256 | 4600 | 4279 | 4444 | 4557 | 4144 | 4351
Water spray (F3) 41.81 3569 | 38.75 | 42.67 35.75 | 39.21 | 42.24 35.72 | 38.98
Mean 44.99 3934 | 4217 | 4739 | 4131 | 44.35 | 46.19 4033 | 43.26
Chitosan @ 100 ppm | 4 1 41.71 44.41 | 5093 43.13 47.03 | 49.02 40242 45.72
Salicylic Acid @ 100 g po lic(}:lc)id @ 100
ppm (S) yppm &) 4432 3958 | 41.95 | 47.14 | 41.10 | 44.12 | 4573 4034 | 43.04
Water spray (Fs) 39.53 3191 35.72 | 41.8 3328 | 37.28 | 4041 3260 | 3651
Mean 43.65 3773 | 40.69 | 4645 3917 | 42.81 | 45.06 3846 | 41.76
Ch“osa“(;@ )100 PP\ 4374 | 3728 | 4051 | 46.06 | 4046 | 43.26 | 4490 | 3887 | 41.89
1
No seed treatment(S;) Sahcyg; rﬁcdf)@ 1001 417 | 3632 | 3925 | 4550 | 3844 | 4197 | 4384 | 3738 | 4061
Water spray (Fs) 35.89 3066 | 33.28 | 39.81 32.61 36.21 | 37.85 3164 | 3475
Mean 40.60 3475 | 37.68 | 4379 | 37.17 | 40.48 | 42.20 3597 | 39.08
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F) 46.32 4042 | 4337 | 50.13 | 4299 | 46.56 | 48.23 4171 | 44.97
Salicylic Acid @ 100 ppm (F,) 43.84 38.66 | 41.25 | 4624 | 4078 | 43.51 | 45.05 3972 | 42.39
Water spray (Fs) 39.08 3275 | 35.92 | 4125 33.88 | 37.57 | 4017 3332 | 36.75
Mean 43.08 | 3728 4587 | 39.22 4448 | 3825
Source of variation SE CD at5% SE CD at 5% SE CD at5%
m= m* m*
Varieties (V) 0.03 0.08 0.07 0.20 0.02 0.07
Seed treatment (S) 0.03 0.10 0.08 0.24 0.03 0.08
Foliar spray (EF) 0.03 0.10 0.08 0.24 0.03 0.08
VxS 0.05 0.14 0.12 0.34 0.04 0.12
SxF 0.06 0.17 0.14 0.42 0.05 0.14
V xF 0.05 0.14 0.12 0.34 0.04 0.12
VxSxF 0.08 0.24 0.20 0.59 0.07 0.20
Table 4: Effect of metabolite elicitors on leaf width (cm) in turmeric at 180 DAT.
2017-18 2018-19 Pooled
Seed treatment (S) Foliar spray (F) Roma | Mydukur Roma | Mydukur Roma | Mydukur
V1) vy | Mean |y vy | Mean |y (v | Mean
Ch“osa“(f )100 PPm ) g8 11.77 12.33 | 13.79 12.62 1321 | 13.34 1220 | 1277
Chitosan @ 100 ppm ——1-
(S1) Sahcyg; rﬁcdf)@ 1001y 54 1086 | 11.20 | 13.28 12.03 12.66 | 12.41 11.45 11.93
Water spray (Fs) 9.89 991 990 | 11.40 10.53 10.97 | 10.65 10.22 10.44
Mean 11.44 1085 | 11.14 | 12.83 11.73 | 12.28 | 1214 1129 | 11.72
Ch“osa“(;@ )100 PP™ 11206 1121 11.64 | 1355 12.31 12.93 | 12.81 11.76 12.29
Salicylic Acid @ 100 L
ppm (S) Sahcyg; rﬁcdf)@ 10014116 10.55 10.86 | 12.77 11.75 12.26 | 11.97 11.15 11.56
Water spray (Fs) 9.32 8.63 8.98 | 10.99 10.16 | 10.57 | 10.16 9.40 9.78
Mean 10.85 1013 | 1049 | 1244 1141 | 11.92 | 11.65 1077 | 11.21
Ch“osa“(;@ )100 PP 0,72 1038 | 10.55 | 1245 11.21 11.83 | 11.59 10.80 | 11.20
1
No seed treatment(S;) Sahcy;‘; rﬁcdf)@ 1001 1005 | 1006 | 1021 | 1206 | 1082 | 1144 | 1116 | 1049 | 10.83
Water spray (F3) 8.99 8.25 862 | 10.88 9.82 10.35 | 9.94 9.04 9.49
Mean 9.99 9.60 9.79 | 11.80 10.61 | 71.21 | 10.90 1011 | 1050
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F)) 11.89 1112 | 11.50 | 1327 12.05 | 12.66 | 12.58 1159 | 12.09
Salicylic Acid @ 100 ppm (F,) 10.98 1052 | 1075 | 1271 1153 | 12.12 | 11.85 11.03 | 11.44
Water spray (Fs) 9.40 8.93 917 | 11.09 1017 | 10.63 | 1025 9.55 9.90
Mean 10.76 | 1019 12.35 | 11.25 11.56 | 1072
Source of variation SE CD at5% SE CD at 5% SE CD at5%
m= m* m*
Varieties (V) 0.03 0.08 0.01 0.03 0.01 0.04
Seed treatment (S) 0.03 0.10 0.01 0.04 0.02 0.04
Foliar spray (F) 0.03 0.10 0.01 0.04 0.02 0.04
VxS 0.05 0.14 0.02 0.06 - NS
SxF 0.06 0.17 0.02 0.07 0.03 0.08
V xF 0.05 0.14 0.02 0.06 0.02 0.06
VxSxF 0.08 0.24 0.03 0.10 0.04 0.11
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Table 5: Effect of metabolite elicitors on number of tillers plant” in turmeric at 180 DAT.

Seed freafment (S) 2017-18 2018-19 Pooled
Foliar spray (F) Roma | Mydukur Mean Roma | Mydukur Mean Roma | Mydukur Mean
V1) V2) V) V2) V) (V2)
Chitosan @ 100 ppm 1.87 1.60 173 | 2.60 1.87 223 | 224 174 1.99
Chitosan @ 100 ppm -0 lic(}:lc)id @100
S) y 1.53 1.33 143 | 233 1.53 193 | 193 1.43 1.68
ppm (F>)
Water spray (F3) L13 0.93 1.03 | 173 1.07 140 | 143 1.00 1.22
Mean 151 1.28 140 | 222 1.49 1.85 | 187 1.39 1.63
Ch“osa“(;@ )1 00 ppm 1.60 1.53 156 | 2.46 1.73 209 | 203 1.63 1.83
Salicylic Acid @ 100 ——
ppm (S) Salicylic Acid @ 100 1.40 1.20 130 | 220 147 183 | 1.80 1.34 1.57
ppm (F>)
Water spray (Fs) 0.87 0.73 080 | 1.60 0.93 126 | 124 0.83 1.03
Mean 1.29 1.15 122 | 2.09 1.38 1.73 | 1.69 127 1.48
Ch“osa“(;@ )100 ppm 33 1.07 120 | 2.13 1.20 166 | 173 1.14 1.44
1
No seed treatment(S;) Sahcyg; rﬁcdf)@ 1001 5 0.87 .03 | 193 133 163 | 157 1.10 1.33
Water spray (Fs) 0.73 0.60 0.66 | 147 0.80 113 | 1.10 0.70 0.90
Mean 1.08 0.84 0.96 | 184 111 148 | 147 0.98 1.22
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F)) 1.60 1.40 150 | 2.40 1.60 2.00 | 2.00 1.50 1.75
Salicylic Acid @ 100 ppm (F,) 1.37 1.13 125 | 215 144 1.80 | 177 1.29 1.53
Water spray (Fs) 0.91 0.75 083 | 160 0.93 127 | 126 0.84 1.05
Mean 1.29 1.09 2.05 1.32 1.68 121
Source of variation SE CD at5% SE CD at 5% SE CD at5%
m= m* m*
Varieties (V) 0.01 0.03 0.01 0.04 0.01 0.01
Seed treatment (S) 0.02 0.04 0.02 0.04 0.01 0.02
Foliar spray (EF) 0.02 0.04 0.02 0.04 0.01 0.02
VxS 0.02 0.06 - NS - NS
SxF 0.03 0.07 0.03 0.08 0.01 0.03
V x F - NS 0.02 0.06 0.01 0.02
VxSxF 0.01 0.03 0.04 0.11 0.01 0.04
Table 6: Effect of metabolite elicitors on fresh weight plant™ (g) in turmeric at 180 DAT.
Seed treatment (S) 2017-18 2018-19 Pooled
Foliar spray (F) Roma | Mydukur Mean Roma | Mydukur Mean Roma | Mydukur Mean
(V1) (V2) V1) (V2) V1) (V2)
Ch“osa“(;@ )100 PP 51907 | 37179 | 44553 | 536.19 | 387.61 | 46190 | 52774 | 37971 | 453.72
Chitosan @ 100 ey 100
ppm (S1) yppm ) 449.06 | 347.19 | 398.13 | 46559 | 362.04 | 413.82 | 45733 | 354.62 | 40598
Water spray (Fs) 385.86 | 269.41 | 327.64 | 40039 | 286.77 | 34358 | 393.13 | 278.10 | 335.61
Mean 45140 | 32946 | 390.43 | 46739 | 34548 | 40643 | 459.40 | 337.48 | 398.44
Ch“osa“(;@ )100 PPM 1 49932 | 35304 | 42618 | 517.79 | 370.51 | 444.15 | 50856 | 361.78 | 435.17
Salieylic Acid @ =S e To0
100 ppm (S2) yppm ) 469.11 | 31922 | 394.17 | 48439 | 33727 | 41083 | 47676 | 32825 | 402.50
Water spray (Fs) 369.56 | 248.63 | 309.10 | 380.39 | 263.48 | 321.94 | 37498 | 256.06 | 315.52
Mean 446.00 | 30696 | 376.48 | 460.86 | 323.76 | 392.31 | 45343 | 31536 | 384.40
Ch“osa“(;@ )100 PP 1 43304 | 29089 | 362.42 | 45039 | 309.00 | 37970 | 442.17 | 299.95 | 371.06
No seed Salicylic Alcid @ 100
treatment(Ss) yppm ) 41528 | 27809 | 346.69 | 431.99 | 294.49 | 36324 | 423.64 | 28630 | 354.97
Water spray (Fs) 342.60 | 229.03 | 285.82 | 360.19 | 24631 | 30325 | 35140 | 237.68 | 294.54
Mean 39727 | 26600 | 331.64 | 41419 | 283.27 | 348.73 | 40574 | 274.64 | 340.19
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F)) 484.18 | 33857 | 411.38 | 501.46 | 355.71 | 428.58 | 492.82 | 347.15 | 419.98
Salicylic Acid @ 100 ppm (F,) 44448 | 31483 | 379.66 | 460.66 | 331.27 | 395.96 | 452.58 | 323.06 | 387.82
Water spray (F3) 366.01 | 249.02 | 307.52 | 380.33 | 265.52 | 322.92 | 37317 | 257.28 | 315.22
Mean 431.56 | 30081 44748 | 317.50 43952 | 309.16
o SE SE SE
Source of variation CD at5% CD at5% CD at 5%
m* m* m=
Varieties (V) 0.40 114 0.74 2.13 033 0.95
Seed treatment (S) 0.48 139 091 2.61 041 1.17
Foliar spray (F) 0.48 1.39 091 2.61 041 117
VxS 0.69 197 128 3.69 0.57 1.65
SxF 0.84 241 1.57 452 0.70 2.02
VxF 0.69 197 128 3.69 0.57 1.65
VxSxF 1.19 341 222 6.39 0.99 2.86
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Table 7: Effect of metabolite elicitors on yield plot™ (kg) in turmeric at harvest.

2017-18 2018-19 Pooled
Seed treatment (S) Foliar spray (F) Roma | Mydukur Roma | Mydukur Roma | Mydukur
V) vy | Mean | v vy | Mean | (vp | Mean
Chitosan @ 100 ppm | ) ¢ 5.79 821 | 11.10 6.01 8.55 | 10.87 5.90 8.39
Chitosan @ 100 ppm e lic(}:lc)id @100
S) y 9.46 5.08 727 | 977 544 760 | 9.62 526 7.44
ppm (Fy)
Water spray (F3) 6.50 3.73 512 | 6.92 427 559 | 6.1 4.00 5.36
Mean 8.86 4.87 687 | 9.26 524 725 | 907 5.05 7.06
Ch“osa“(;@ )100 PP 1 1015 5.56 786 | 108 5.85 837 | 10.52 571 8.12
Salicylic Acid @ 100 ——
ppm (S) Salicylic Acid @100 | ¢ 3 471 687 | 9.57 541 749 | 930 5.06 7.18
ppm (F»)
Water spray (Fs) 5.92 3.50 471 | 677 424 550 | 635 3.87 5.11
Mean 837 4.59 648 | 9.07 5.16 712 | 872 4.88 6.80
Ch“osa“(;@ )100 ppm g9 4.13 621 | 8.80 4.84 682 | 855 4.49 6.52
1
No seed treatment(S;) Sahcyg; rﬁcdf)@ 1001 734 3.95 565 | 7.57 446 601 | 746 421 5.83
Water spray (Fs) 538 311 425 | 6.65 3.59 512 | 602 335 4.69
Mean 7.00 3.73 537 | 1.67 4.29 598 | 734 4.02 5.68
for comparison between means of Varieties (V) x Foliar spray (F)
Chitosan @ 100 ppm (F) 9.69 5.16 7.43 | 10.26 5.56 7.91 | 998 537 7.67
Salicylic Acid @ 100 ppm (F,) 8.61 4.58 660 | 8.97 5.10 7.03 | 879 4.84 6.82
Water spray (Fs) 593 3.45 469 | 6.78 4.03 540 | 636 374 5.05
Mean 8.08 4.40 8.67 4.90 8.38 4.65
Source of variation SE CD at5% SE CD at 5% SE CD at5%
m= m* m*
Varieties (V) 0.02 0.06 0.03 0.07 0.05 0.13
Seed treatment (S) 0.02 0.07 0.03 0.09 0.06 0.16
Foliar spray (EF) 0.02 0.07 0.03 0.09 0.06 0.16
VxS 0.03 0.10 0.05 0.13 0.08 0.22
SxF 0.04 0.12 0.06 0.16 0.10 0.27
V x F 0.03 0.10 0.05 0.13 0.08 022
VxSxF 0.06 0.17 0.08 0.22 0.13 0.39
CONCLUSIONS Zemlyanskaya, E. V. (2022). Salicylic Acid in Root

The response of Roma to metabolite elicitors was
proved to be high when compared to Mydukur at high-
altitude zones of Andhra Pradesh. This study highlights
the significance of chitosan in exhibiting its role on
growth and yield characteristics in turmeric at high-
altitude zone of Andhra Pradesh. Salicylic acid
followed chitosan in registering relatively more growth
and yield. Foliar application of elicitors has more
impact on the crop grown than seed treatment.

FUTURE SCOPE

1. Studies on the effect of nano scale chitosan and
salicylic acid on growth, yield and secondary
metabolite production are to be conducted.

2. Metabolite elicitation can be attempted with the
combined use of stimulants, by designing different
permutations of application methods.
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