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Abstract

Chitosan is a biotic elicitor and established as an effective priming agent in various crops. An 
experiment was conducted to evaluate the effect of priming of rhizome bits with chitosan on 
sprouting and plantlet development in two turmeric varieties, Sobha and Sona. 1 g, 2 g & 4 g 
L-1 of chitosan for 30 min and 1 h of soaking, was compared with untreated control. Chitosan 
treatment at the rate of 1 gL-1 for 1 h recorded significantly higher shoot weight (7.36 g and 5.27 
g), root weight (1.18 g and 0.71 g) and seedling vigour index (6030.67 and 5063.61) in Sobha and 
Sona, respectively. The priming of rhizome bits with chitosan 1 gL-1 for 1 h recorded significantly 
superior performance in terms of growth parameters and seedling vigour index in both the 
varieties.
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Curcuma longa L., the most important of 
Curcuma species, has a long history of use 
as spice, herbal medicine, dyeing agent and 
cosmetic. Curcumin is the phytochemical 
that gives yellow colour to turmeric and is 
recognized as being responsible for most of the 
therapeutic effects (Ashraf, 2017). In turmeric, 
rhizomes are both the commercial product and 

the planting material, limiting their availability 
for propagation. A solution to overcome the 
scarcity of planting material is the use of 
single bud rhizome bits wherein, the planting 
material requirement will be reduced to half to 
one-third.  In this system of propagation, single 
bud rhizome bits of 5-7 g are used against 25 
g of rhizome used in conventional system. 
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According to Prasath et al. (2014) transplanted 
ginger recorded on par yield with that of 
conventional planting, reduced the cost of 
planting material to about one-third, enabled 
early sprouting, uniform field establishment 
and reduced weed growth.

Chitosan is a biotic elicitor known to stimulate 
seedling growth and plant development 
processes, and has been established as an 
effective priming agent in various crops 
(Chakraborty et al., 2020; Baviskar et al., 2025). 
It is a biodegradable, biocompatible, and 
non-toxic polysaccharide derived from the 
deacetylation of chitin and is widely recognized 
as an eco-friendly plant biostimulant that 
also promotes plant growth, enhances stress 
tolerance, and induces defense responses 
against pathogens (Riseh et al., 2024). 

Priming is a method to improve the 
performance of plant propagules by exposing 
to pretreatments before planting (Khanthavong 
et al., 2012). Chittaragi (2018) demonstrated 
that growth and yield of transplanted ginger 
is greatly influenced by priming treatments.  
Transplanting of uniform and healthy protray 
plantlets would ensure improved yield and 
quality of the produce. According to Mahdavi 
& Rahimi (2013), chitosan promotes seed 
germination in ajowan by facilitating the 
restoration of seed moisture and absorption of 
soil moisture, by forming a semipermeable film 
on the seed surface. Priming single corms of 
freesia with 0.5 % chitosan solution for 20 min, 
improved plant growth, induced early and 
profuse flowering (Salachna & Zawadzinska, 
2014). 

Chitosan priming has been widely reported 
to enhance seed and vegetative propagule 
performance by promoting water uptake, 
activating reserve-mobilizing enzymes, 
stimulating cell division, and improving 
nutrient acquisition, thereby resulting in faster 
and more uniform sprouting and vigorous 
seedling growth (Riseh et al., 2024). Chitosan 
functions as a multifunctional biostimulant by 

promoting plant growth, enhancing seedling 
vigour, inducing resistance to biotic and 
abiotic stresses and stimulating antioxidant 
and defense mechanisms. Nevertheless, 
its agronomic performance is influenced 
by its physicochemical properties, dosage, 
application method and plant species 
(Pichyangkura & Chadchawan, 2015). In 
this context, an experiment was conducted 
to evaluate the effect of priming of turmeric 
rhizome bits using chitosan at different 
concentrations for specified periods on 
sprouting and plantlet development.

The present study on the effect of priming with 
chitosan was conducted during April 2021 to 
May 2021 with two turmeric varieties Sobha 
and Sona released from the Kerala Agricultural 
University. The experiment was conducted 
in Completely Randomised Design with 3 
replications, each consisting of 25 rhizome bits. 
The treatments included, chitosan 1 g L-1 for 30 
min, chitosan 1 g L-1 for 1 h, chitosan 2 g L-1 
for 30 min, chitosan 2 g L-1 for 1 h, chitosan 4 g 
L-1 for 30 min, and chitosan 4 g L-1 for 1 h. The 
rhizome bits that were not exposed to chitosan 
treatment served as control.

Single-bud pieces (5-7 g) were sliced out from 
the healthy seed rhizomes. These rhizome bits 
were immersed in chitosan solutions of varying 
concentrations for two specific durations. The 
solutions were prepared by dissolving the 
required quantities of chitosan in 1 % (v/v) 
acetic acid solution. The chitosan used for the 
study was procured from Matsyafed Chitin 
and Chitosan Plant, Neendakara, Kollam, 
Kerala. After the specified period of chitosan 
treatment, the rhizome bits were shade dried 
and subsequently sown in 50 cell-portrays, the 
cells of which were filled with nursery medium 
composed of partially decomposed coir pith 
and vermicompost in 3:1 ratio. Irrigation was 
provided as needed, and the protrays were 
maintained under polyhouse conditions for 45 
days.

Influence of chitosan on  seedling growth and vigour of turmeric
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The observations on days to sprout and 
sprouting per cent were recorded at 20 days 
after planting (DAP). Observations were also 
recorded on number of leaves, collar girth, 
shoot length, shoot weight, per cent survival, 
number of roots, root depth, root weight, root 
volume and seedling vigour index at 45 DAP. 

Seedling vigour index = Sprouting per cent x 
Mean seedling length (cm)           

The data were subjected to analysis of variance 
using the statistical package KAU GRAPES 
(Gopinath et al., 2020) and the means were 
compared at a probability of 0.05 % confidence 
level.

In both the varieties, there was no significant 
difference noticed on parameters related to 
sprouting viz. days to sprout and sprouting 
per cent (Table 1). The number of days to 
sprout ranged from 11 to 14 in Sobha and 12 to 
18 in Sona. The sprouting per cent was in the 
range of 93.33 % to 100 % in Sobha and 86.67 
% to 98.67 % in Sona. This is in contradiction 
to the findings of Ramos-Garcia et al. (2009) 
that when gladiolus corms were dipped in 
chitosan 1.5 per cent for 120 min accelerated 
corm emergence by two days, compared to 
the control plants. Mahdavi & Rahimi (2013) 
also reported that germination per cent was 
enhanced from 52 to 80 % in ajowan, on 
priming the seeds with chitosan 0.20 %. Timely 
and uniform germination is an essential factor 
for improving seedling vigour and supporting 
later developmental stages in plants (Pandey & 
Mishra, 2022).  

The data on shoot growth parameters, viz., 
number of leaves, collar girth, shoot length and 
shoot weight at 45 DAP is illustrated in Table 
2. There was no significant variation in the 
number of leaves in both the varieties among 
the various treatments. The collar girth was 
observed to be significantly different among 
the treatments tried in both the varieties. 
The highest girth being observed in plantlets 
derived from rhizomes primed with chitosan 
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1 g L-1 for 1 h in both the varieties, Sobha (2.36 
cm) and Sona (2.21 cm). In the variety Sona, 
this was found to be on par with those plants 
exposed to same concentration of chitosan for 
30 min, recording a collar girth of 2.13 cm. The 
control plants recorded the lowest collar girth 
(1.85 cm).

Significant variation was observed among the 
treatments with respect to shoot length in both 
the varieties. Rhizomes primed with chitosan 1 
g L-1 for 1 h was found superior with respect to 
shoot length (42.98 cm and 38.29 cm) in Sobha 
and Sona, respectively. The same treatment 
recorded significantly higher shoot weight 
(7.36 g and 5.27 g, respectively) in both the 
varieties. The control plants recorded the 
lowest shoot length (27.24 cm and 20.98 cm) and 
shoot weight (2.35 g and 2.95 g) in Sobha and 
Sona, respectively. Uthairatanakij et al. (2007) 
suggested that chitosan may induce a signal to 
synthesize plant hormones such as gibberellins 
and enhance growth and development by 
stimulating the signalling pathway related to 
auxin biosynthesis.

The treatments showed significant difference 
in the root growth parameters, viz., number 
of roots, root depth, root weight per plant 
and root volume in both the varieties (Table 
3). As in the case of shoot growth parameters, 
significantly higher root growth parameters 
were also observed in plantlets raised from 
rhizome bits primed with chitosan 1 g L-1 for 
1 h (Fig 1).  The highest number of roots (5.67, 
5.80), root depth (17.32 cm, 13.07 cm), root 
weight (1.18 g, 0.71 g) and root volume (1.14 
cm3, 0.79 cm3) were recorded in Sobha and 
Sona, respectively. Stofella et al. (1992) reported 
a significant increase in radicle length in pepper 
(Capsicum spp.) on priming of seeds with 
chitosan. Studies have indicated that chitosan 
nanoparticles can stimulate seed germination 
and seedling growth in crops such as tomato 
and maize (Saharan et al., 2015; Saharan et al., 
2016).
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The varietal variation with respect to plantlet 
growth parameters was also observed in 
turmeric in response to chitosan application at 
different concentrations for specified periods. 
This is in consensus with the findings of 
Guan et al. (2009), who reported that varietal 
variation was observed with the priming time 
and concentration of chitosan in maize. 

There was no significant variation in survival 
of plantlets in both the varieties in response to 
chitosan priming treatments (Table 1). It ranged 
from 90.67 % to 100 % in Sobha and 86.67 % to 
98.67 % in Sona. However, significant variation 
was observed in seedling vigour index among 
the treatments, in both the varieties Sobha 

A

B

Fig. 1. Effect of priming of rhizome bits using chitosan on seedling growth in Sobha (A) and Sona 
(B) at 45 DAP [T1: Chitosan 1 g L-1 for 30 min, T2: Chitosan 1 g L-1 for 1 h, T3: Chitosan 2 g 
L-1 for 30 min, T4: Chitosan 2 g L-1 for 1 h, T5: Chitosan 4 g L-1 for 30 min, T6: Chitosan 4 g 
L-1 for 1 h and T7: Control]

and Sona. Chitosan 1 g L-1 for 1 h recorded the 
highest seedling vigour index of 6030.67 in the 
variety Sobha and 5063.61 in the variety Sona 
(Fig 2). Significantly lower seedling vigour 
index was observed in the untreated control in 
both the varieties. This was on par with higher 
doses of chitosan both in Sobha and Sona.

It was observed that the lower concentration 
of chitosan (1 g L-1) gave better plantlet growth 
and vigour index in both the varieties. The 
higher concentrations of chitosan might be 
inhibitory, as chitosan (2 g L-1 and 4 g L-1) 
did not enhance the seedling growth and 
development, and the seedling vigour index 
was also lower at these higher doses. Baby et 

Nair et al.
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al. (2020) reported that the priming treatments 
had a significant effect in improving the initial 
vigour in ginger sprouts, which can render a 
stimulatory effect in growth of transplants. 
Enhanced vigour index would attribute to 
better seedling establishment and growth in 
the field (Ebone et al., 2010).  Mahdavi (2016) 
also reported that priming with chitosan at 
low concentration could be used for improving 
germination and seedlings growth of anise. 
According to him, priming with chitosan 
from 0.01 to 0.2 per cent showed an increasing 
trend in germination and seedling growth. 
However, these parameters declined at a higher 
concentration of chitosan 0.5 %. Similarly, 
low seedling growth and vigour index was 
observed in Ocimum basilicum, at higher 
concentration of chitosan. This inhibitory effect 
of chitosan at higher concentrations could be 
due to absorptive obstruction of water and 
other essential minerals from soil due to the 
sticky chitosan coating on the propagule.  The 
sticky coating could be attributed to higher 
concentration of chitosan used for priming 
(Kim et al., 2005). When seeds of Lens culinaris 
were subjected to priming with varying 
concentration of chitosan (0.5 to 2.0 per cent), it 
was observed that the lowest concentration of 
chitosan (0.5 %) significantly improved seedling 
growth parameters (Kumari et al., 2025). The 
primed seeds recorded elevated hydrolytic 
enzyme (amylase, protease, dehydrogenase 
and phytase) activities over the untreated 
control. The hydrolytic enzymes facilitate 
the mobilisation of stored food reserves like 
starch, proteins and lipids to supply energy 
and nutrients for embryonic development 
and thus, the seed germination. Al- Omairi & 
Al-Hilfy (2021) also opined that the chitosan 
treatment improves germination and seedling 
growth by enhancing amylase enzyme activity 
and accelerating carbohydrate breakdown. 
However, Mahdavi & Rahimi (2013) observed 
enhanced seedling vigour index with 
increasing chitosan concentration from 0.01 to 
0.50 per cent in ajowan. Sen & Mendel (2016) 
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are of the view that extended priming periods 
are associated with reduced germination rates 
and lower seedling vigour. This has been 
contradicted in the present study, wherein 
chitosan priming at higher exposure time of 1 
h gave better seedling growth compared to 30 
min exposure. 

In conclusion, the rhizome bits exposed to 
chitosan 1 g L-1 for 1 h was observed to give 
better results in terms of growth parameters 
such as, collar girth, shoot length, shoot weight, 
number of roots, root depth, root weight per 
plant and root volume and seedling vigour 
index in both the varieties. Chitosan treatment 
at the rate of 1 g L-1 for 1 h enhanced the shoot 
length by 58 % in Sobha and 83 % in Sona, over 
the control at 45 DAP. The collar girth enhanced 
by 39 % and 19 %, over the control in Sobha and 
Sona, respectively. The chitosan treatment did 
not influence the days to sprouting, sprouting 
per cent and survival per cent. 

It was observed that at lowest concentration of 
chitosan 1 g L-1 for an exposure period of 1 h 
gave better plantlet growth and vigour index 
in both the varieties compared to a lower 
exposure time of 30 min. Thus, enhancing 

dose above 1 g L-1 is not advantageous as it 
is not reflected in growth and vigour and 
adds to the cost of input material. It can be 
concluded that priming turmeric seed rhizome 
with chitosan at 1 g L-1 for one hour period 
is effective in enhancing the seedling growth 
and vigour compared to unprimed rhizome. 
It is an ideal elicitor and eco-friendly strategy 
for production of vigorous and good quality 
planting material. 
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