



Effect of Pre-Sowing Seed Treatment on Seed Germination and Seedling Vigour in Natural Dye-Yielding Species Blue Gold (Indigofera tinctoria L.)
Abstract 


The emerging demand of natural indigo dye due to the environmental and sociological concerns imparted by the synthetic dye helps in leveraging the conventional natural indigo dye production process in many developing countries, including India. Despite having remarkable global market potential, the high price of natural indigo dye impedes its extensive commercialization. But the seeds of the indigo species are very small and possess a hard seed coat. Therefore, in the present study, pre sowing seed treatment for indigo to assess the germination percentage in nursery level were carried out. The various pre sowing treatments viz., acid scarification, hot water, cold water and mechanical scarifier were carried out to break the dormancy of the seeds. About 1gm of seeds were subjected to either acid scarification viz., 50% conc.H2SO4, 75% conc.H2SO4  and 100% conc. H2SO4 (seeds are subjected to treated at the time various interval of Quick dip,10 min,15 min), Hot water treatment (seeds are placed in boiled water in a water bath at various temperature (60°c, 80°c and 100°c) at various time interval (6 hr, 12 hr and 24 hr) and leaving them until the water cooled, Cold water treatment (seeds are placed in cold water at various time interval viz., 24 hr, 48 hr, 72 hrs) and mechanical scarification viz., rubbing the seeds between sandpaper at various time interval 5 min,10 min and 15 min.  Among the various pre sowing treatments, the best results were obtained when the seeds are subjected to Mechanical scarification. About 80% of the seeds germinated, higher dry matter production (0.07 g) depicted that the seedlings, with higher biomass in terms of shoot length (4.36 cm), root length (2.71 cm) and vigour index (566.4) when they are given a pre-sown treatment of sandpaper 15 min (T25). The results suggested that it could be possible to break dormancy and produce seedlings of Indigofera tinctoria on large scale. 
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1. Introduction

Indigofera tinctoria bears the common name true indigo, avuri / neel in Tamil, neelyamari in Malayalam, Indian indigo in English and neelini / neelika / nenjini in Sanskrit is a commercial as well as medicinally useful leguminous plant. True indigo, is a shrub one to two meters height. It may be annual, biennial, or perennial, depending on the climate in which it is grown. It has light green pinnate leaves and pink or violet flowers. The plant is a legume, so it is rotated into fields to improve the soil in the same way that other legume crops such as alfalfa and sesbania exploitation (Angelini et al., 2003).

Natural dyes have been used since ancient times for colouring and printing fabrics. Until the middle of last century, most of the dyes were derived from plant or animal sources by long and elaborate processes. The dye is obtained from the processing of the entire herbage above ground. They are soaked in water and fermented in order to convert the glucoside (indican) naturally present in the plant to the blue dye (indigotin). Since antiquity, natural dyes derived from renewable and biogenic sources have been profoundly used in textiles, cosmetics, and food industries (Dweck 2002; Frick 2003; Kadolph 2008).  With the introduction of synthetic dyes for most of the traditional colours, including blue in the nineteenth century A.D., natural dye has gradually gone out of existence from most parts of the country. Almost all the synthetic dyes have their origin from coal tar and many synthetic dyes may lead to various harmful by-products during their manufacture (Geissler et al. 2005). A number of azo dyes, which release carcinogenic harmful amines, have already been banned by most of the countries (Kumar, 2007).  Natural dyes offer an important alternative in these regards, as these are safer in use with minimum health hazards, have easy disposability and are biodegradable. Due to environmental awareness, the natural dyes obtained from plant and animal sources are recommended as the dyes of 21st century. Now, interest in natural dye stuffs has revived, not only in India but also in Europe, Japan and the United States. 

Indigo, after which this group of carbonyl dyes is named, is one of the oldest known natural dyes. It is a derivative of the colorless glucosides of the enol form of indoxyl, e.g., indican. Due to its antitoxic properties, it is used as a good remedy against poisonous infections. The plant is also used against epilepsy, chronic bronchitis, asthma, ulcers, skin diseases and also effective for promoting hair growth. In Ayurvedic system of medicine, Indigofera tinctoria is used as a major ingredient of “Neelibhringadi thailam”, “Neeli thulasiadhi thailam” and “Neeli thulasiadhi kashayam”. Ved and Goraya (2007) included Indigofera as a medicinal plant species of high volume trade (>100 MT per year) sourced largely from cultivation. Being a leguminous crop, it fixes nitrogen and hence it is also used for bio fencing. Galactomannan, glycoside (Indican), coloring matter (Indigotin) and indiruben are the major phytochemical compounds present in Indigofera. Indican is the precursor to indigotin. Since most of the dye plants are grown in wild as organic, organic manuring will be ideal for developing their quality parameters. 

The Indigofera tinctoria seeds of the plant are small and possess a very hard seed coat. Hence the germination of the seeds is difficult in natural conditions. To efficiently cultivate a species, the seeds must be viable and non-dormant. Cultivation using non dormant seeds, or seeds released from dormancy, allows uniform germination, emergence, and optimal stand for establishment. Scarification of an impermeable seed coat allows physically dormant seed to imbibe water and subsequently germinate. In this view, an experiment was essential to determine the efficient method of seed germination in Indigofera tinctoria. (Introduction should be in two paragraph with all experimental results) 
2. Materials and Method
The seeds of indigofera were obtained from Forest College and Research Institute, Mettupalayam. The seeds of healthy, uniform size and shape were exposed to controlled conditions in the seed science laboratory at Agricultural College and Research Institute, Tiruvannamalai, Tamil Nadu. Indigofera tinctoria seeds that had been air-dried were carefully cleaned with double distilled water (DW) and then dipped in a variety of pre-treatments for germination testing. 

The experiment was laid out in completely randomized design with twenty five treatments under three replications. About 1gm of seeds were subjected to either acid scarification viz., 50% conc.H2SO4, 75% conc.H2SO4  and 100% conc. H2SO4 (seeds are subjected to treated at the time various interval of Quick dip,10 min,15 min), Hot water treatment (seeds are placed in boiled water in a water bath at various temperature (60°c, 80°c and 100°c) at various time interval (6 hr, 12 hr and 24 hr) and leaving them until the water cooled, Cold water treatment (seeds are placed in cold water at various time interval viz., 24 hr, 48 hr, 72 hrs) and mechanical scarification viz., rubbing the seeds between sandpaper at various time interval 5 min,10 min and 15 min. 
2.1. Test Design and Measurements

This study consists of assessing the pre-sown seed treatment. The experiment was conducted in Completely Randomized Design (CRD). This experiment was carried out in in-vitro conditions at Agricultural College & Research Institute, Vazhavachanur. The pre-sown seed treatment was studied using different treatments in various concentrations.

Name                            
 :  
Indigofera tinctoria

No of Treatments          
:  
25

Replication

:  
2

Design


:    
CRD

Method                          
:  
Roll Paper method
To overcome the germination problems encountered, various seed treatments are followed to check the maximum germination.  The treatments are viz.,
Acid Scarification
1. T1 - 50% Conc.Sulphuric Acid (Quick Dip)
2. T2 - 50% Conc.Sulphuric Acid (10 Min)
3. T3 - 50% Conc.Sulphuric Acid (15 Min)
4. T4 - 75% Conc.Sulphuric Acid (Quick Dip)
5. T5 - 75% Conc.Sulphuric Acid (10 Min)
6. T6 - 75% Conc.Sulphuric Acid(15 Min)
7. T7 - 100 % Conc.Sulphuric Acid (Quick dip)
8. T8 - 100 % Conc.Sulphuric Acid (10 Min)
9. T9 - 100 % Conc.Sulphuric Acid (15 min)
Hot Water Treatment
10. T10 - Hot Water (60°c) – 6 hrs.
11. T11 - Hot Water (60°c) – 12 hrs.
12. T12 - Hot Water (60°c) – 24 hrs.
13. T13 - Hot Water (80°c) – 6 hrs.
14. T14 - Hot Water (80°c) – 12 hrs.
15. T15 - Hot Water (80°c) – 24 hrs.
16. T16 - Hot Water (100°c) – 6 hrs.
17. T17 - hot Water (100°c) – 12 hrs.
18. T18 - hot Water (100°c) – 24 hrs.

Cold Water Treatment

19. T19 - cold water (24 hours)
20. T20 - cold water (48 hours)
21. T21 - cold water (72 hours)
22. T22 - control.

Mechanical Scarifier (Sand paper)

23. T23 - Sandpaper (5 min)
24. T24 - Sandpaper (10 min)
25. T25 - Sandpaper (15 min)
After treatment, 25 seeds were dried and placed in a germination sheet with two replications. The seeds were adequately watered during the experimental period. Germination counts were taken in the 8th day after sowing (DAS). A seeds were considered germination when the radicle had emerged throughout the integument and the total number of germinated seeds were counted on the 8th day. 
Germination Percentage (%)

The germination percentage is an estimate of the viability of a population of seeds. The equation to calculate germination percentage is:  

Seeds germinated

Germination percentage = ----------------------------- x 100

                                     Total seeds sown

Shoot Length (cm) 


The shoot length is the total length of the shoot from the shoot to the shoot tip. The shoot length of the crop is being recorded at the 8th DAS. It is expressed in terms of cm.

Root Length (cm) 


The root length is the total length of the root from the collar region to the   root tip. The root length of the crop is recorded at the 8th DAS. It is expressed in terms of cm.

Total Seedling Length (cm) 


The total seedling length is the total length of the seedling from the shoot in to the root tip. The total seedling length is recorded at the 8th DAS. It is expressed in terms of cm.

Fresh Weight of Seedling (g)  

Fresh weight refers to the weight of plants just after the harvest. It is expressed in terms of grams.

Dry Weight of Seedling (g)  

Dry weight refers to all constituents of plants except water. It is expressed in terms of grams.

Vigour Index  

It is calculated by multiplying the germination percentage and seedling length. The seed lot showing the higher seed vigour index is considered to be more vigorous.

Vigour Index = Germination percentage x Seedling length

2.2.  Statistical analysis 

The experimental data were subjected to statistical analysis by ANOVA for analysis of a completely randomized block design.  All the data were analyzed using R Studio 2024.04.2+764 "Chocolate Cosmos" Release (e4392fc9ddc21961fd1d0efd47484b43f07a4177, 2024-06-05) for windows Mozilla/5.0 (Windows NT 10.0; Win64; x64)AppleWebKit/537.36  (KHTML, like Gecko) RStudio/2024.04.2+764 Chrome/120.0.6099.291 Electron/28.3.1 Safari/537.36, Quarto 1.4.555.
3. Result and Discussion 
The germination percentage varied between 4.0% and 80.0%, with a mean value of 18.96%. The highest germination rate was recorded in sandpaper scarification treatments (T23, T24, and T25), with germination rates of 76%, 76%, and 80.0%, respectively, significantly higher (p=0.05) than the control (6.0%). The lowest germination occurred in hot water and weak acid treatments. The shoot length ranged from 1.50 cm to 4.55 cm, with a mean shoot length of 3.314 cm. The longest shoot length (4.55 cm) was observed in T20 (Cold Water 48 hrs), while the shortest (1.50 cm) was recorded in T15 and T17 (Hot Water treatments). The root length varied between 0.10 cm and 4.12 cm, with a mean root length of 2.096 cm. The longest root length (4.12 cm) was recorded in T18 (Hot Water 100°C, 24 hrs), while the shortest (0.10 cm) was recorded in T15 (Hot Water 80°C, 24 hrs). The fresh weight of seedlings ranged from 0.01 g to 0.29 g, with a mean fresh weight of 0.0696 g. The highest fresh weight (0.29 g) was recorded in T24 (Sandpaper 10 min), while the lowest (0.01 g) was observed in multiple treatments, particularly hot water and weak acid treatments. Total dry matter production ranged from 0.001 g to 0.08 g, with a mean value of 0.01214 g. The highest total dry matter accumulation (0.08 g) was recorded in T24 (Sandpaper 10 min), while the lowest (0.001 g) was observed in several hot water and cold-water treatments. The vigor index ranged from 6.40 to 566.40, with a mean vigor index of 118.89. The highest vigor index (566.40) was observed in T25 (Sandpaper 15 min), while the lowest (6.40) was recorded in T15 (Hot Water 80°C, 24 hrs).
The results indicate that mechanical scarification (sandpaper treatments) was the most effective dormancy-breaking method, significantly improving germination percentage, seedling growth, and vigor. T25 (Sandpaper 15 min) recorded the highest germination percentage (80.0%), confirming that physical abrasion effectively weakens the seed coat without damaging the embryo. The superiority of sandpaper treatments aligns with previous findings in other tree species, where physical scarification enhances water and gas permeability, thereby promoting uniform and rapid germination (Krishnakumar et al., 2017; Bisht et al., 2016). In contrast, hot water and prolonged acid treatments negatively impacted seed viability, likely due to excessive damage to the embryo, as observed in Sapindus mukorossi and Dalbergia sissoo, where seed sources exhibited significant variation in germination and growth attributes (Gera et al., 2016; Abutaba, 2015). Hot water treatments negatively impacted seed germination and seedling growth. Prolonged exposure to high temperatures likely caused thermal damage to embryonic tissues, as seen in T15 (Hot Water 80°C, 24 hrs), which had the lowest vigor index (6.40) and shortest root length (0.10 cm). In contrast, cold water treatments (T20) promoted shoot elongation (4.55 cm) but had low germination rates, indicating that they partially softened the seed coat but were insufficient in fully breaking dormancy. Cold water treatments promoted shoot elongation but failed to achieve high germination rates, similar to findings in Santalum album progenies where growth attributes varied significantly among different sources (Krishnakumar et al., 2018). Sulfuric acid scarification showed variable success. A quick dip in 75% H₂SO₄ (T4) resulted in moderate improvements (54% germination, vigor index of 329.96), but prolonged exposure led to excessive seed coat degradation and reduced germination. The highest total dry matter accumulation and fresh weight were recorded in sandpaper-scarified seeds (T24 and T25), supporting the idea that physical scarification enhances seedling establishment and biomass production. The lowest values for all parameters were observed in hot water and weak acid treatments, suggesting that these methods either caused excessive embryo damage or failed to effectively weaken the seed coat. Overall, the findings confirm that sandpaper scarification is the most effective pre-treatment method for improving Indigofera tinctoria seed germination, seedling vigor and early growth.

(Table should be a before discussion and mention table  no and fig or graph in discussion eg. Table no 1, 2 and fig. 1 )
4. Conclusion 


Indigofera tinctoria is an excellent source of indigo dye and phytocompounds, which help to heal various diseases and health complications in human beings. This plant uses for treatment of different types of diseases, especially of Indigo powder being used in Indian traditional medicine for the treatment of removing worms in teeth and gums, sores on skin, urinary problems, mouth ulcers, hair rejuvenation, skin diseases and dog bite, etc. In conclusion, the study demonstrate the significant potential of seed treatment, rubbing the seeds between sandpaper at 15 min recorded the highest germination percentage (80.0%) as compared to other treatments. So, sandpaper at 15 min treatment will be useful to enhance the germination process and helps in production of quality seedlings in large scale of Indigofera tinctoria. Additionally, efforts should be directed towards scaling up enhancing germination technologies and facilitating their adoption by farmers, thereby realizing their full potential in addressing the pressing challenges of indigo dye demand in a changing current scenario.
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Table 1. Effect of pre-sowing seed treatments on germination percentage and growth performance of Indigofera tinctoria
	S.No
	Treatment
	Germination

Percentage (%)
	Shoot Length (cm)
	Root

Length (cm)

	1
	T1 - 50% Conc. Sulphuric Acid (Quick Dip)
	4.0
	3.50
	0.50

	2
	T2 - 50% Conc. Sulphuric Acid (10 Min)
	8.0
	4.31*
	3.47*

	3
	T3 - 50% Conc. Sulphuric Acid (15 Min)
	18.0
	4.02*
	2.25

	4
	T4 - 75% Conc. Sulphuric Acid (Quick Dip)
	54.0*
	4.17*
	1.98

	5
	T5 - 75% Conc. Sulphuric Acid (10 Min)
	20.0
	3.50
	2.01

	6
	T6 - 75% Conc. Sulphuric Acid(15 Min)
	6.0
	3.53
	1.87

	7
	T7 - 100 % Conc. Sulphuric Acid (Quick dip)
	10.0
	3.19
	1.26

	8
	T8 - 100 % Conc. Sulphuric Acid (10 Min)
	14.0
	3.57
	3.58*

	9
	T9 - 100 % Conc. Sulphuric Acid (15 min)
	16.0
	3.20
	1.71

	10
	T10 - Hot Water (60°c) – 6 hrs.
	16.0
	2.68
	1.95

	11
	T11 - Hot Water (60°c) – 12 hrs.
	4.0
	2.00
	1.20

	12
	T12 - Hot Water (60°c) – 24 hrs.
	4.0
	2.30
	1.00

	413
	T13 - Hot Water (80°c) – 6 hrs.
	4.0
	2.30
	0.50

	14
	T14 - Hot Water (80°c) – 12 hrs.
	10.0
	2.00
	1.00

	15
	T15 - Hot Water (80°c) – 24 hrs.
	4.0
	1.50
	0.10

	16
	T16 - Hot Water (100°c) – 6 hrs.
	20.0
	3.14
	2.20

	17
	T17 - hot Water (100°c) – 12 hrs.
	4.0
	1.50
	1.00

	18
	T18 - hot Water (100°c) – 24 hrs.
	6.0
	3.65
	4.12*

	19
	T19 - cold water (24 hours)
	6.0
	3.97
	4.00*

	20
	T20 - cold water (48 hours)
	4.0
	4.55*
	3.95*

	21
	T21 - cold water (72 hours)
	4.0
	4.20*
	2.00

	22
	T22 - control.
	6.0
	3.48
	2.10

	23
	T23 - Sandpaper (5 min)
	76.0*
	3.80*
	2.91*

	24
	T24 - Sandpaper (10 min)
	76.0*
	4.43*
	3.03*

	25
	T25 - Sandpaper (15 min)
	80.0*
	4.36*
	2.71*

	
	Mean
	18.96
	3.314
	2.096

	
	SEd
	2.49
	0.31
	0.28

	
	CD (0.05)
	5.17
	0.64
	0.58


Table 2. Effect of pre-sowing seed treatments on seedling vigour of 

Indigofera tinctoria
	S.No
	Treatment
	Fresh Weight (g)
	Total Dry Matter Production (g)
	Vigor Index

	1
	T1 - 50% Conc. Sulphuric Acid (Quick Dip)
	0.01
	0.001
	16.00

	2
	T2 - 50% Conc. Sulphuric Acid (10 Min)
	0.02
	0.0025
	39.01

	3
	T3 - 50% Conc. Sulphuric Acid (15 Min)
	0.04
	0.0025
	110.4

	4
	T4 - 75% Conc. Sulphuric Acid (Quick Dip)
	0.05
	0.0025
	329.96*

	5
	T5 - 75% Conc. Sulphuric Acid (10 Min)
	0.06
	0.005
	108.35

	6
	T6 - 75% Conc. Sulphuric Acid(15 Min)
	0.21*
	0.04*
	97.60

	7
	T7 - 100 % Conc. Sulphuric Acid (Quick dip)
	0.07
	0.005
	47.39

	8
	T8 - 100 % Conc. Sulphuric Acid (10 Min)
	0.06
	0.0025
	76.72

	9
	T9 - 100 % Conc. Sulphuric Acid (15 min)
	0.08
	0.0075
	81.95

	10
	T10 - Hot Water (60°c) – 6 hrs.
	0.06
	0.0025
	76.72

	11
	T11 - Hot Water (60°c) – 12 hrs.
	0.01
	0.001
	12.80

	12
	T12 - Hot Water (60°c) – 24 hrs.
	0.01
	0.001
	13.20

	13
	T13 - Hot Water (80°c) – 6 hrs.
	0.01
	0.001
	11.20

	14
	T14 - Hot Water (80°c) – 12 hrs.
	0.01
	0.001
	27.60

	15
	T15 - Hot Water (80°c) – 24 hrs.
	0.01
	0.001
	6.40

	16
	T16 - Hot Water (100°c) – 6 hrs.
	0.09
	0.0075
	106.8

	17
	T17 - hot Water (100°c) – 12 hrs.
	0.01
	0.001
	10.00

	18
	T18 - hot Water (100°c) – 24 hrs.
	0.01
	0.001
	35.40

	19
	T19 - cold water (24 hours)
	0.01
	0.001
	36.40

	20
	T20 - cold water (48 hours)
	0.01
	0.001
	29.800

	21
	T21 - cold water (72 hours)
	0.01
	0.001
	24.800

	22
	T22 - control
	0.07
	0.005
	30.400

	23
	T23 - Sandpaper (5 min)
	0.26*
	0.06*
	511.95*

	24
	T24 - Sandpaper (10 min)
	0.29*
	0.08*
	565.09*

	25
	T25 - Sandpaper (15 min)
	0.27*
	0.07*
	566.40*

	
	Mean
	0.0696
	0.01214
	118.8936

	
	SEd
	0.02
	0.008
	12.45

	
	CD (0.05)
	0.04
	0.017
	25.82


[image: image1.png]Value

80

60

20

Effect of Treatments on Germination and Growth Parameters

CANOTOONDOO TN T

Treatment

~rooo

i

o
NNNS S

Parameter
=#= Germination_Percentage
== Root_Length

=#= Shoot_Length




Fig 1- Effect of Treatments on Germination and Growth Parameters
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