




Market Behaviour and Price-Arrival Integration of Byadgi Chilli in Karnataka, India
ABSTRACT
	Byadagi chilli (Capsicum spp.), known for its deep red colour, wrinkled texture, and mild pungency, holds significant commercial value in India. Cultivated primarily in Karnataka, it is valued for its high oleoresin content, used in food, cosmetics, and pharmaceuticals. The Geographical Indication (GI) status (GI No. 129), granted in February 2011, has boosted its market value. This study analyses the market integration of Byadagi chilli across Bangalore, Hubli, and Byadgi markets using 25 years of secondary data (January 2000 to January 2025) from Karnataka Krishimaratavahini. Ex post Facto Research was conducted to study the market integration of Byadagi chilli. The study was purely based on secondary data. The data was collected for 25 years from January 2000 to January 2025. Various statistical/econometric analytical techniques were used. The ADF test results indicated that the actual price series for Bangalore and Hubli markets were non-stationary, while the Byadgi market series was stationary. After differencing, the series became stationary across all markets. Johansen's co-integration test revealed significant long-term relationships among the markets, indicating strong price linkages. The Byadgi market showed weaker adjustment, suggesting the influence of external factors or market inefficiencies. Granger causality tests demonstrated a bidirectional causality between Bangalore and Hubli markets, indicating mutual price influence. The findings suggest that strengthening market infrastructure, improving information flow, and fostering better price discovery mechanisms are critical for enhancing market efficiency and farmer profitability. Policy interventions aimed at reducing market fragmentation and improving logistical and financial support could help stabilise prices and increase farmer incomes. These insights provide valuable guidance for policymakers, traders, and stakeholders involved in the Byadgi chilli value chain.
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1. Introduction
Chilli (Capsicum annum L.) is one of the most important commercial spice crops, widely cultivated by small and marginal farmers in Asia, Africa, and South America. In India, due to continuous cultivation of Capsicum sp. for about 500 years and the crop being often crosspollinated, a number of landraces have evolved (Reddy & Ponnam, 2023). Among the various chilli varieties produced in India, Byadagi chilli holds a significant place due to its distinctive deep red colour, wrinkled texture, and mild pungency. Named after the town of Byadgi in the Haveri district of Karnataka, Byadagi chilli is highly valued for its oleoresin content, which is widely used in the food, cosmetics, and pharmaceutical industries. The Byadagi chilli market has witnessed substantial growth over the years, supported by its Geographical Indication (GI) status (GI No. 129), which was granted in February 2011.

The market for Byadagi chilli is characterised by complex supply chain dynamics and price fluctuations influenced by domestic and international demand, production costs, and climatic conditions. “Byadagi chilli is also known for its deep red colour, less spiciness and is used in many food preparations of South India. Byadagi chilli has been accorded Geographical Indication (GI) in February 2011. Its GI tag is 129” (Bushetti & Krishnamurthy, 2023). Despite its economic significance, the degree of market integration among major Byadagi chilli trading centres remains largely unexplored. Understanding market integration is crucial for improving market efficiency, stabilising prices, and enhancing the income of farmers and traders.

This study aims to analyse the extent of market integration of Byadagi chilli by examining price transmission and co-movement across key domestic and international markets. The findings of this study will provide valuable insights into the functioning of the Byadagi chilli market and help policymakers and stakeholders develop strategies to improve market efficiency and farmer profitability.
2. Methodology
Ex post Facto Research was conducted to study the market integration of Byadagi chilli. The study was purely based on secondary data; daily price and arrival data of various markets were collected from Karnataka Krishimaratavahini. The data was collected for 25 years from January 2000 to January 2025.
1.1 Data description
Various statistical/econometric analytical techniques, namely unit root test (Augmented Dickey Fuller), Johansen Multiple co-integration test, and Granger causality tests, were used to study the market cointegration for three different markets, viz., Bangalore, Hubbli and Byadagi markets
2.2 Methods
2.2.1. Unit root test 
The presence of a unit root (non-stationarity) in the underlying series is tested by performing
Augmented Dickey-Fuller (ADF) test using the following equation:

Where, 
εt =pure white noise error term;
∆ Yt-1 =(Yt-1 – Yt-2 ), ∆ Yt-2 = (Yt-2 – Yt-3 ) etc; and
m = number of lag length and it is determined using Akaike or Schwarz information criteria, or the Partial Autocorrelation function (PACF) of the first differenced series if data are under levels.
2.2.2. Johansen Co-integration test 
The methodology given by Johansen and Juselius (1990) uses the restricted VAR (p) Vector Error Correction model to determine the number of co-integration vectors. Using that, the study has employed the following regression model to study the long-run equilibrium as well as to analyse the presence of short-run disequilibrium among the market pairs.

Where,
 Γi = – (Ai+1 + … + Ak) i = 1, … , k – 1,
 Π = (I- A1– … – Ak)
µ = constant
εt ~IID (0, Ω), Ω = covariance matrix
∆ = prices differenced in order to achieve stationarity
Π Pt-k = long run relationship.
By full rank factorisation, the co-integration matrix ‘Π’ can be decomposed into αβ’ whereby, both α and β are n×r matrices; r represents the number of cointegration relationships with 0 < r < n and β represents cointegration vectors, and α refers to the short-run adjustment of the disequilibrium between market pairs.
2.2.3. Vector Error Correction (VECM) Model
A vector error correction model is a restricted Vector Autoregressive (VAR) model designed for use with non-stationary series that are known to be co-integrated. Co-integration test using an estimated VAR equation estimated using non-stationary regression methods or using a group object. The error correction model is the preferred method for estimation when two integrated time series are statistically related or co-integrated since the error correction model can be formally derived from the properties of the integrated time series. A vector error correction (VEC) is useful for non-stationary series that are known to be co-integrated. This has the advantage of the co-integration relations built into the specifications, so that it restricts the long-run behaviour of the endogenous variables to converge to their co-integrating relationships while allowing for short-run dynamics. The co-integration term is known as the error correction term since the deviation from the long-run equilibrium is corrected gradually through a series of partial adjustments. Consider a two-variable system with one co-integrating equation and no lagged difference terms (Chaithra, 2015). The co-integrating equation is:
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Where,
ΔXt = The first difference of the variable(s). 
ΠXt−1 = The error correction term.
The matrix Π=αβ′,
 where:
α: The adjustment coefficients, indicating the speed at which deviations from equilibrium are corrected.
β′: The cointegrating vectors, representing the long-term relationships.
: Captures the short-term dynamics through the lagged differences.
: The error term or residual, assumed to be white noise.
In this simple model, the only right-hand side variable is the error correction term. In the long run equilibrium, this term is zero. However, if x1 and x2 deviate from the long-run equilibrium, the error correction term will be nonzero, and each variable adjusts to partially restore the equilibrium relation. The coefficient αi measures the speed of adjustment of the ith endogenous variable towards the equilibrium.
2.2.4 Granger causality test 
The mere existence of a relationship between variables does not prove causality or the direction of influence. There is a strong connection between co-integration and causality in such a way that at least one Granger cause relationship must exist in the co-integration system (Sundaramoorthy et al., 2014). The price series P1t can cause P2t (P1t → P2t ) or the price series P2t can cause P1t (P2t → P1t), and the arrows show the direction of causality. The Granger causality test assumes that the information relevant to the prediction of the respective variables, P1t and P2t, is contained in the time series data of these variables under study. The test involves estimating the following pair of regressions:



It is assumed that the disturbances u1t and u2t are uncorrelated and based on the significance of the lagged coefficients, the causality is determined (Gujarati et al., 2009).
3. Result and Discussion 
3.1. Market integration of Arrival of Byadagi chilli in Bangalore, Hubbli and Byadagi market
3.1.1. ADF Test for Market Price Data of Bangalore, Hubbli and Byadagi
The results of the ADF test for data on market price for Bangalore, Hubbli and Byadagi markets were tabulated in Table 1.  From this table, it was found that actual data on Bangalore and Hubbli markets were not significant at a 5 per cent level of significance, as p-values were greater than 0.05; we fail to reject the null hypothesis and can interpret that the series is not stationary. Whereas, Byadagi market price data was significant as p–value is less than 0.05, hence the series is stationary. Further, to make the series stationary, data was converted into the differenced series of all three markets, and it was found that the p – value is less than the level of significance, hence we are rejecting the null hypothesis for a fixed level of significance, and we found that the series is stationary.
Table 1: ADF Test for Market price data of Bangalore, Hubbli and Byadagi
	Market name
	Actual Series
	Differenced series

	
	Test statistics
	p-value
	Test statistics
	p-value

	Bangalore
	-3.2186
	0.085
	-9.4200
	0.01

	Hubbli
	-3.2709
	0.076
	-7.9302
	0.01

	Byadagi
	-4.4162
	0.01
	-7.1232
	0.01


Table 2: Johansen Cointegration test for Bangalore, Hubbli and Byadagi monthly market price data
Null and alternative hypotheses for the Augmented Dickey Fuller (ADF) test are as given below;
	H0: The series is non-stationary
	H1: The series is stationary

	Null Hypothesis
	Trace Statistic
	Critical Value (5%)
	Critical Value (1%)
	Decision

	None
	11.16284
	9.24
	12.97
	Reject H0

	At most 1
	23.42290
	15.67
	20.20
	Do not Reject H0

	At most 2
	32.64562
	22.00
	26.81
	Do not Reject H0

	At most 3
	83.83230
	28.14
	33.24
	Do not Reject H0



The multiple Johansen co-integration test was applied to the data on monthly price for all the three markets. The results from the trace statistic of Cointegration test were presented in Table 2. Based on the rejection of the null hypothesis at each step for the trace statistics, we conclude that there are at least one cointegrating vector among the time series for the monthly market price data of Bangalore, Hubbli, and Byadagi markets. This signifies that the time series are cointegrated, indicating a long-term equilibrium relationship between the prices in these markets.
3.1.2. Vector Error correction model estimates for Bangalore, Hubbli and Byadagi markets 
1. Bangalore:
· ECT1, ECT2, ECT3: All error correction terms were significant at the 1 per cent level, indicating a strong speed of adjustment towards equilibrium.
· Intercept: Significant at the 1 per cent level, suggesting a consistent, non-time-dependent factor.
· Bangalore-1: Significant at the 10 per cent level, indicating some lagged effect of Bangalore's market prices on itself.
2. Hubbli:
· ECT1, ECT2, ECT3: Significant at the 10, 5, and 1 per cent significance levels, respectively, indicating adjustment towards equilibrium.
· Intercept: Significant at the 10 per cent level, indicating a base effect.
· Bangalore-1: Significant at the 5 per cent level, suggesting Bangalore's market prices have an influence on Hubbli's prices.
3. Byadagi:
· ECT1, ECT2, ECT3: No significance, indicating weak or no adjustment towards equilibrium.
· Intercept: No significance, suggesting minimal base effect.
· Other Variables: No significant effects from the market prices of Bangalore or Hubli.
From the above result, we can conclude that Bangalore and Hubbli exhibit significant adjustment mechanisms and are influenced by their past values and each other. Whereas, Byadagi shows weaker adjustment, suggesting different market dynamics or external factors not captured by this model. 
Table 3: Vector Error correction model estimates for Bangalore, Hubbli and Byadagi markets
	
	ECT1
	ECT2
	ECT3
	Intercept
	 Time -1                  
	Bangalore -1         
	Hubbli-1
	Byadagi-1

	Bangalore 
	461.8023
(110.0908)***
	 -0.7318
(0.0781)***    
	1.0548
(0.1883)***    
	-925178.7189
(220428.1860)***
	-2330.4883
(2076.2565)   
	  -0.1318
(0.0602)*
	-0.3427
(0.2623)             
	0.0061
(0.0302)

	Hubbli 
	62.9425
(26.2832)*
	0.0612
(0.0187)**
	-0.2450
(0.0449)***   
	-125754.0400
(52625.3369)*        
	-224.9636
(495.6884)       
	-0.0436
(0.0144)**
	-0.0460
(0.0626)      
	0.0041
(0.0072)       

	Byadagi 
	-125.1298
(223.4081)
	0.1091
(0.1585)
	0.0469
(0.3820)
	254297.5846
(447316.5704)
	1965.1862
(4213.3630)
	-0.0458
(0.1222)
	-0.8395
(0.5322)      
	-0.1013
(0.0613).



Significance codes:  Significance at 0 ‘***’ Significance at 0.001 ‘**’ Significance at 0.01 ‘*’ Significance at 0.05 ‘.’ Significance at 0.1
ECT = Error Correction Term

3.1.3. Granger Causality test for prices
The results of Granger Causality test were tabulated in Table 4, which shows there is bidirectional effect on Bangalore and Hubbli markets means market price of Bangalore granger causes on market price of Hubbli. Whereas, there is no granger cause between Bangalore and Byadagi, Hubbli and Byadagi markets. 








Table 4: Granger Causality test for prices.Null hypothesis
F statistics
Probability
H0 Rejection 
Direction
Bangalore does not Granger cause Hubbli
24.794
1.31e-10 ***
YES
Bidirectional 
Hubbli does not Granger cause Bangalore
10.256 
5.1e-05 ***
YES

Bangalore does not Granger cause Byadagi
0.002  
0.998
NO
Unidirectional 
Byadagi does not Granger cause Bangalore
0.4069 
0.6662
NO

Hubblli does not Granger cause Byadagi
0.4003 
0.6705
NO
Unidirectional 
Byadagi does not Granger cause Hubbli
1.6298 
0.1979
NO



Significance codes:   ‘***’ Significance at 0.001 ‘**’ Significance at 0.01 ‘*’ Significance at 0.05 ‘.’ Significance at 0.1
3.2. Market integration of Arrival of Byadagi chilli in Bangalore, Hubbli and Byadagi market
3.2.1. ADF Test for Market arrival data of Bangalore, Hubbli and Byadagi
ADF test was used to check for stationarity in time series data, which means to know whether the mean and variance of the series do not change over a time period. From Table 5, we can conclude that the Bangalore, Hubbli and Byadagi market arrival data were stationary for the actual series as the p – value was less than the level of significance (i.e., 0.05) 
Table 5: ADF Test for Market arrival data of Bangalore, Hubbli and Byadagi
	Market name
	Actual Series

	
	Test statistics
	p-value

	Bangalore
	-3.9450
	0.0122

	Hubbli
	-9.5433
	0.01

	Byadagi
	-9.5403
	0.01






3.2.2. Johansen test results for arrivals
To determine long-term equilibrium relationships (cointegration) among the time series variables Johansen multiple cointegration test was carried out in R studio software and results were presented in table 6. Cointegration among time series variables shows that they move together in the long run despite short-term fluctuations. In this case, there was absence of multiple cointegration relationships indicates a weak long-term dependency among the market arrivals.







Table 6: Johansen test results for arrivals
	Null Hypothesis 
	Trace Statistic
	Critical Value (5%)
	Critical Value (1%)
	Decision 

	None
	245.91
	53.12
	60.16
	Do not Reject H0

	At most 1
	125.95
	34.91
	41.07
	Do not Reject H0

	At most 2
	73.26
	19.96
	24.60
	Do not Reject H0

	At most 3
	34.62
	9.24
	12.97
	Do not Reject H0



3.2.3. Vector Error correction model results for lag 3
This table shows the results of a Vector Error Correction Model (VECM) for lag 3, focusing on three locations: Bangalore, Hubli, and Byadagi.
1. Bangalore:
· ECT1, ECT2, ECT3: Error correction terms (viz., ECT1 and ECT2) were significant at the 0.1 per cent level, indicating a strong speed of adjustment towards equilibrium.
· Intercept: Significant at 0.01 per cent level, suggesting a consistent, non-time-dependent factor.
· Bangalore-1: Significant at the 1 per cent level, indicating some lagged effect of Bangalore's market arrivals on itself.
2. Hubbli:
· ECT1 and ECT2 were found to be non-significant, indicating that weak or no adjustment towards equilibrium. While ECT3 was significant at the 0.01 per cent level, indicating an adjustment towards equilibrium.
· Intercept: Significant at the 10 per cent level, indicating a base effect.
· Hubbli-1 and Byadagi-1: Significant at 1 and 0.1 per cent level respectively, suggesting Hubbli and Byadagi market arrivals have an influence on Hubbli's arrivals.
3. Byadagi:
· ECT1 was significant at a 5 per cent significance level, whereas ECT2 and ECT3 were found to be not significant, indicating weak or no adjustment towards equilibrium.
· Intercept: Significant at the 5 per cent level, indicating a base effect.
· Byadagi-1: Significant at 0.01 per cent level, suggesting Byadagi's market arrivals have an influence on Byadagi's arrivals.

Table 7 underscores strong long-term dependencies between these locations, with Hubbli and Byadagi emerging as key players in the system's short-term dynamics. These insights can be valuable for forecasting and policy planning across these interconnected regions.


Table 7: Vector Error correction model results for lag 3
	
	ECT1
	ECT2
	ECT3
	Intercept
	 Time -1                  
	Bangalore -1         
	Hubbli-1
	Byadagi-1

	Bangalore 
	-112.4720
(15.7964)***
	-0.4628
(0.0633)***    
	0.0085
(0.0123)
	227555.5490
(31939.4821)***    
	265.6113
(317.2357)
	-0.1866
(0.0599)**    
	-0.0060
(0.0125)
	0.0017
(0.0031)

	Hubbli 
	173.5331
(99.1490).
	-0.3714
(0.3971)       
	-0.4941
(0.0771)***
	-345286.1832
(200474.4761).    
	3287.5410
(1991.1924).
	0.1594
(0.3760)       
	0.1577
(0.0785)*
	0.0862
(0.0194)***   

	Byadagi 
	883.9187
(375.9469)*   
	-0.7934
(1.5058)
	0.0610
(0.2922)
	-1761023.8252
(760146.7223)*   
	32164.8846
(7550.0801)***
	1.0630
(1.4256)
	0.4267
(0.2975)
	0.3800
(0.0734)***


Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1
ECT = Error Correction Term
The results of Granger Causality test were tabulated in Table 8, which shows there was bidirectional effect of Hubbli and Byadagi markets means market arrivals of Hubbli granger causes on market arrivals of Byadagi. Similarly, there was a bidirectional effect of Byadagi and Bangalore market arrivals meaning that arrivals of Byadagi and Bangalore markets were related. Whereas, there is no granger cause between Bangalore and Hubbli markets.
Table 8: Granger Causality test for arrivals
	Null hypothesis
	F statistics
	Probability
	H0 Rejection 
	Direction

	Bangalore does not Granger cause Hubbli
	0.5695 

	0.5665
	NO
	Unidirectional

	Bangalore does not Granger cause Byadagi
	0.7835 

	0.4579

	NO
	

	Hubblli does not Granger-cause Byadagi
	16.626 
	1.556e-07 ***
	YES
	Bidirectional

	Hubbli does not Granger-cause Bangalore
	4.2047 

	0.01592 *
	YES
	

	Byadagi does not Granger-cause Bangalore
	4.4059 
	0.0131 *

	YES
	Bidirectional

	Byadagi does not Granger-cause Hubbli
	5.9732 
	0.002896 **

	YES
	



4. Conclusion
The study on the market integration of Byadagi chilli across key trading centres in Karnataka—Bangalore, Hubbli, and Byadagi—offers valuable insights into the price transmission and co-movement among these markets. The results highlight the existence of long-term equilibrium relationships between the markets, with Bangalore and Hubbli exhibiting significant adjustment mechanisms, while Byadagi demonstrates weaker market integration.
The application of econometric models such as the Augmented Dickey-Fuller (ADF) test, Johansen Co-integration test, Vector Error Correction Model (VECM), and Granger Causality test provided robust statistical validation of market dynamics. The ADF test results indicated that the original price series were non-stationary but achieved stationarity after differencing. The Johansen co-integration test confirmed the presence of long-term equilibrium relationships between the markets. The VECM analysis revealed that Bangalore and Hubbli markets adjust efficiently to price shocks, whereas the Byadagi market shows weaker responsiveness, suggesting possible external influencing factors. Additionally, the Granger causality test established bidirectional causality between Bangalore and Hubbli markets but found no significant causal relationships involving the Byadagi market.
Regarding market arrivals, the findings suggest that while Bangalore and Byadagi markets show significant long-term dependencies in arrival trends, Hubbli emerges as a key player influencing short-term fluctuations. The co-integration of market arrivals further underscores the interconnectedness of these trading centres, emphasising the need for efficient market linkages and policy interventions.
Overall, this study underscores the significance of strengthening market infrastructure, improving price dissemination mechanisms, and fostering better integration between markets to stabilise prices and enhance farmers’ profitability. Policymakers and stakeholders should focus on addressing the inefficiencies in the Byadagi market and enhancing its integration with other major trading centres to ensure fair pricing and sustainable growth in the Byadagi chilli trade.
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