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ABSTRACT 
Foxtail millet is a minor millet whose renewed policy 

relevance has not been matched by a comparable 

empirical understanding of its formal market 

behavior. This article examines arrivals, price 

behavior, seasonality, volatility, and spatial market 

integration in selected foxtail millet markets in India 

using AGMARKNET-based results for 2007-2024 

and monthly price series for the major districts from 

January 2012 to December 2024. The evidence shows 

a market that is highly concentrated, thin, and 

episodic in terms of arrivals, but surprisingly coherent 

in terms of long-run price movement among the 

leading trading districts. Karnataka dominates formal 

arrivals, while Madhya Pradesh provides the only 

substantial non-Karnataka presence. At the district 

level, Ballari, Bengaluru, and Koppala emerge as the 

principal price centers. Arrivals are locally seasonal 

and irregular, but prices display strong upward 

movement and visible co-movement. The ADF tests 

indicate that the selected price series are integrated of 

order one. Johansen trace tests indicate the maximum 

possible cointegration rank among the three district 

price series, and rolling-window tests show that this 

integration is stable over time. The article argues that 

foxtail millet is best understood as a narrow but 

linked market system: price signals move together 

among the main markets even though the quantity 

side remains small, concentrated, and institutionally 

weak. 

 

Index Terms - AGMARKNET, foxtail millet, market 

arrivals, market integration, price volatility, spatial 

arbitrage, Johansen cointegration. 

 

I. INTRODUCTION 
Millets have re-entered agricultural and 

food-policy debates in India because they combine 

nutritional importance, suitability for dryland 

agriculture, and resilience under increasingly 

uncertain climatic conditions. This renewed attention 

is especially important for minor millets, which are 

often valued in agronomic and nutritional terms but 

remain weakly understood as marketed commodities. 

Aggregate production and policy narratives 

frequently imply that the revival of millet cultivation 

can be supported through demand promotion, 

procurement interest, and value-chain development. 

Yet the functioning of formal markets is a separate 

empirical question. A crop may be agronomically 

resilient and nutritionally valuable while still being 

traded through thin, localized, and irregular market 

systems. Recent evidence on Indian millet cultivation 

underlines the diversity of millet ecologies and the 

need to treat individual millets as separate commodity 

systems rather than as a single homogeneous category 

[1]. 

Foxtail millet, commonly known as navane 

in Karnataka, is a particularly useful case for studying 

the distance between policy attention and market 

depth. It is cultivated in dryland regions and has 

localized demand, but it does not possess the long-

established procurement and public distribution 

linkages that shape the ragi market in Karnataka or 

the larger national market infrastructure associated 

with pearl millet. Studies of foxtail and little millets 

in Ballari and Koppal districts also indicate the crop's 

connection with dryland production systems in 

northern Karnataka [2]. The question, therefore, is not 

merely whether foxtail millet prices rise over time, 

but whether formal market arrivals are large and 

regular enough to support stable price discovery, and 

whether prices across the principal trading locations 

move together in the long run. 

The central argument of this article is that 

foxtail millet presents a paradox of thin but integrated 

markets. On the quantity side, AGMARKNET 

arrivals reveal a small, concentrated, and episodic 

formal market. Karnataka accounts for most of the 

recorded arrivals, and within Karnataka the 

distribution is highly concentrated in a few districts 

and mandis. On the price side, however, the main 

district markets show clear long-run co-movement. 

The evidence from ADF tests, static Johansen 

cointegration, and rolling-window Johansen statistics 

suggests that prices in Ballari, Bengaluru, and 
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Koppala are tied by stable long-run relationships. 

Thus, thinness and integration are not mutually 

exclusive. A market may be narrow in spatial 

coverage and limited in volume, yet still transmit 

price signals among its most important trading 

centers. 

This distinction is important for both 

research and policy. If analysis focuses only on 

prices, the foxtail millet market may appear more 

developed than it actually is because the leading 

markets are cointegrated. If analysis focuses only on 

arrivals, it may appear fragmented and weak because 

quantities are small and irregular. A fuller 

interpretation requires combining arrivals, market 

concentration, trading days, seasonal patterns, price 

dispersion, and long-run price relationships. 

AGMARKNET is therefore useful not only as a price 

database but also as a source for identifying market 

depth, trade concentration, and liquidity patterns. 

 

II. CONCEPTUAL BACKGROUND 
Spatial market integration refers to the 

extent to which geographically separated markets are 

connected through trade, arbitrage, and information 

flows. The older empirical literature on market 

integration cautions against judging integration only 

by contemporaneous price correlation, because prices 

can move together due to common shocks or inflation 

without necessarily being connected through 

arbitrage. Ravallion's critique of static price 

comparisons remains relevant for agricultural markets 

where seasonal shocks, procurement, transport costs, 

and local demand can generate misleading short-run 

co-movement [3]. For a minor millet such as foxtail 

millet, this caution is especially important because the 

market is thin enough that a few transactions can 

influence the recorded price range. 

The Law of One Price provides an intuitive 

starting point, but its strict form is rarely expected to 

hold in agricultural spot markets. Prices need not be 

identical across markets, because transportation, 

storage, handling, quality, financing, and information 

costs create economically meaningful price bands. 

Barrett and Li emphasize the need to distinguish 

equilibrium from integration: markets can be 

integrated even when price levels differ, provided that 

price differentials are consistent with transfer costs 

and arbitrage incentives [4]. The relevant empirical 

question is therefore whether prices maintain stable 

long-run relationships, not whether they are exactly 

equal. 

Institutional and transaction-cost 

perspectives also matter. Agricultural markets are 

shaped by rules, procurement mechanisms, 

information systems, market regulation, quality 

standards, and the organization of exchange. The 

New Institutional Economics emphasizes how 

institutions reduce uncertainty and transaction costs 

in developing-country agricultural markets [5]. 

Foxtail millet differs from more institutionally 

supported cereals because it lacks a deep procurement 

architecture, regular large-scale public distribution 

channel, and standardized formal trade. Its formal 

market behavior is therefore expected to reflect 

thinness, quality uncertainty, irregular buyer 

participation, and localized trading calendars. 

From this perspective, three empirical 

expectations follow. First, arrivals should reveal 

substantial concentration because only a limited 

number of markets are likely to support regular trade. 

Second, volatility measured through reported high-

low price ranges may be elevated because thin 

markets amplify the effect of individual trades, 

quality differences, and reporting idiosyncrasies. 

Third, the leading markets may nevertheless exhibit 

cointegration if traders, processors, and consumers 

treat them as part of a connected regional price 

system. The empirical analysis below evaluates these 

expectations using arrival, price, volatility, and 

cointegration evidence. 

 

III. DATA AND METHODS 
The empirical evidence is based on 

AGMARKNET data on foxtail millet arrivals and 

mandi prices. The descriptive arrival analysis covers 

the period 2007-2024 and is used to identify the 

principal states, districts, and APMC markets in terms 

of cumulative arrivals, active mandis, active trading 

days, and shares in total arrivals. The price analysis 

focuses on modal prices and uses volume-weighted 

average prices where aggregation is required. The 

spatial integration analysis uses monthly nominal 

prices for the three major district markets - Ballari, 

Bengaluru, and Koppala - from January 2012 to 

December 2024, reflecting the later availability of 

reliable price series for this minor millet. 

The analysis proceeds in five steps. First, 

annual arrivals and prices are described to identify 

long-term patterns in market size and price levels. 

Second, state, district, and mandi-level concentration 

is examined to identify the geographical structure of 

the formal market. Third, seasonality is studied using 

STL decomposition and seasonal subseries plots. STL 

separates an observed time series into trend, seasonal, 

and irregular components and is appropriate for 

agricultural series in which seasonal patterns and 

trend movements can change over time [6]. Fourth, 

price dispersion is studied using the Parkinson high-

low volatility estimator, which uses the logarithmic 

range between reported maximum and minimum 
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prices within a period [7]. In the context of APMC 

data, this indicator is interpreted cautiously as a 

measure of reported price dispersion rather than a 

pure measure of market risk. 

Fifth, spatial market integration is evaluated 

using unit-root and cointegration methods. A 

prerequisite for cointegration analysis is that the 

selected price series share a common integration 

order. Unit-root testing therefore assesses whether the 

log price series are nonstationary in levels and 

stationary in first differences. The ADF-type logic 

follows the econometric tradition of testing for unit 

roots in autoregressive processes, including higher-

order autoregressive-moving-average representations 

[8]. Once the I(1) profile is established, the Johansen 

trace test is used to estimate the number of 

cointegrating relationships among the selected 

markets [9]. With three price series, the maximum 

possible cointegration rank is two. A rank of two 

implies that the three-market system is driven by one 

common stochastic trend. 

To examine whether integration is stable 

over time, the article also uses rolling-window 

Johansen trace statistics. Rolling cointegration 

analysis is useful when the strength of relationships 

may change because of policy, market conditions, 

infrastructure, demand, or localized shocks [10]. In 

this application, the trace statistics are normalized by 

their 5 percent critical values. A normalized value 

above one indicates rejection of the corresponding 

null hypothesis in that rolling window. This allows 

the analysis to distinguish between full-sample 

integration and integration that remains stable across 

subperiods. 

 

IV. RESULTS AND DISCUSSION 
A. Overall Arrivals and Price Trends 

The annual results (Figure 1) indicate that 

foxtail millet occupies a much smaller formal market 

space than ragi or pearl millet. Recorded APMC 

arrivals are small in absolute terms and highly 

volatile across years. Rather than showing a smooth 

long-run increase, arrivals fluctuate considerably, 

suggesting that formal trade is driven by episodic 

local surpluses and uneven market participation. This 

is consistent with foxtail millet's position as a niche 

crop with a geographically narrow trading base. The 

absence of a dominant PDS procurement channel also 

means that AGMARKNET arrivals are more likely to 

reflect actual marketed surplus reaching formal 

mandis, rather than residual market trade after 

procurement diversion. 

 

 
Figure 1. Annual total arrivals and VWAP for 

foxtail millet: 2007-2024. 

 

The price series tells a different story. The 

national VWAP shows a broad upward trajectory, 

especially after 2018 and again in the post-2020 

period. This rise is consistent with general 

agricultural price inflation and the broader policy and 

consumer attention given to millets. However, the 

alignment between policy support and realized 

market prices is less straightforward than in ragi or 

pearl millet because foxtail millet does not have an 

equally deep or continuous procurement architecture. 

Thus, higher prices do not necessarily imply a more 

liquid market. The key descriptive result is 

divergence between quantity and price: arrivals 

remain thin and irregular, while prices display 

stronger long-run movement. 

 

B. Geographical Concentration and Liquidity 

The state-level distribution of arrivals (Table 

1) confirms the narrow geography of formal foxtail 

millet trade. Karnataka accounts for 67,735 recorded 

arrival units, 44 active mandis, 8,581 active trading 

days, and 81.7 percent of total arrivals. Madhya 

Pradesh is the only other significant state, with 

13,984 arrivals and a 16.9 percent share. Together, 

Karnataka and Madhya Pradesh account for 98.6 

percent of total arrivals. The remaining states appear 

only marginally in the formal market record. This 

degree of concentration is more pronounced than the 

market structure of larger millets and indicates that 

foxtail millet is not a broad national market in the 

APMC system. 

 

Table 1. State-level concentration of foxtail millet arrivals in AGMARKNET markets 

State Arrivals Active markets Trading days Share 

Karnataka 67,735 44 8,581 81.7% 

Madhya Pradesh 13,984 5 628 16.9% 

Andhra Pradesh 1,069 1 232 1.3% 
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Tamil Nadu 53 1 7 0.1% 

Others 26 3 20 <0.01% 

Source: Authors’ own calculations based on AGMARKNET data. 

 

The district-level distribution of arrivals 

shown in Table 2 sharpens this interpretation. Ballari 

leads the market with a 29.9 percent share, followed 

by Dindori in Madhya Pradesh at 16.1 percent, 

Bengaluru at 15.6 percent, and Koppala at 14.5 

percent. The top three Karnataka districts-Ballari, 

Bengaluru, and Koppala - account for nearly 60 

percent of total arrivals. Ballari's importance is 

particularly significant because it links the crop to the 

northern dry zone of Karnataka, while Bengaluru 

represents an aggregation and consumption-linked 

market rather than a purely production-area mandi. 

Dindori's position highlights a separate central Indian 

trading cluster in a tribal belt, distinct from 

Karnataka's established market network. 

 

Table 2. Leading foxtail millet districts by arrival share. 

District State Active markets Trading days Share 

Ballari Karnataka 6 3,040 29.9% 

Dindori Madhya Pradesh 1 566 16.1% 

Bengaluru Karnataka 1 1,789 15.6% 

Koppala Karnataka 4 1,655 14.5% 

Chitradurga Karnataka 4 561 7.4% 

Mysuru Karnataka 1 489 4.6% 

 

C. Seasonality and Market Calendars 

Seasonality is irregular and market-specific. 

STL decomposition for Ballari (Figure 2), Bengaluru 

(Figure 3), and Koppala (Figure 4) shows that arrivals 

are not governed by a uniform national pattern. 

Ballari displays a rising arrival trend over much of 

the period, with interruptions around 2017 and 2023. 

Bengaluru shows a gradual increase up to around 

2021-2022 followed by decline. Koppala shows the 

sharpest increase around 2019-2021 and then a steep 

fall. These differences indicate that foxtail millet 

arrivals reflect localized marketing decisions, local 

harvest timing, trader participation, and district-level 

conditions rather than a common national calendar. 

 

 
Figure 2. STL decomposition of the arrival 

quantities and prices of foxtail millet in Ballari 

district. 

 

Prices are more coherent than arrivals. In 

STL decomposition, VWAP trends rise substantially 

in Ballari, Bengaluru, and Koppala, especially after 

2018 and again around 2022-2024. The price trend 

declines somewhat toward the end of the sample after 

the recent peak, but the broad pattern is one of strong 

upward movement. Seasonal components are visible 

in prices but are smaller relative to the long-run trend. 

The price subseries plots show upward movement 

within calendar months across all three districts, 

especially in later years. Thus, prices appear to be 

affected by common long-run forces, while arrivals 

remain locally seasonal and episodic. 

 
Figure 3. STL decomposition of the arrival 

quantities and prices of foxtail millet in Bengaluru 

district. 

 

This contrast has a direct market 

interpretation. In a thick and competitive market, 

recurring seasonal arrivals, storage, and trading could 

produce more regular price cycles. In foxtail millet, 

however, thin market conditions reduce the reliability 

of such seasonal price patterns. Prices are dominated 

by longer-term forces, while local arrivals continue to 

reflect localized production and marketing calendars. 

The absence of a strong procurement diversion 

channel, unlike the ragi case in Karnataka, also means 

that arrival seasonality is not systematically reshaped 

by a major public procurement institution. 
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Figure 4. STL decomposition of the arrival 

quantities and prices of foxtail millet in Koppala 

district. 

 

D. Volatility and Thin-Market Price Dispersion 

The volatility evidence in Figure 5 based on 

Parkinson estimator indicates that foxtail millet 

markets experience chronically high price dispersion. 

The Parkinson volatility estimates display frequent 

spikes that recur throughout the sample rather than 

being confined to a single crisis period. This pattern 

is consistent with structural thinness. In a market with 

few transactions, each trade can have a 

disproportionate effect on the reported maximum-

minimum price range. The high-low range may 

therefore capture not only risk but also variation in lot 

quality, variety, grade, buyer participation, and 

reporting practices. 

 

 
Figure 5. Parkinson volatility indices for the prices 

at selected top foxtail millet mandis. 

 

Among the selected markets, the detailed 

volatility results indicate that Ballari appears 

relatively more stable than Bengaluru or Koppala, 

consistent with its greater trading volume and deeper 

market role. Bengaluru and Koppala show more 

frequent and larger spikes, which is consistent with 

thinner and more episodic trading. This interpretation 

is also consistent with the broader principle that 

deeper markets tend to generate more reliable price 

information. However, all three markets show enough 

high-low variation to justify caution in treating the 

Parkinson index as a pure volatility measure. In this 

article, the index is interpreted as reported price 

dispersion rather than as a direct measure of 

underlying price risk. 

The absence of a clear common volatility 

shock is notable. Unlike commodity systems in which 

policy announcements, procurement operations, or 

supply shocks may produce synchronized volatility 

across markets, foxtail millet volatility appears more 

local and idiosyncratic. This supports the view that 

the commodity's formal market remains thin and 

localized on the quantity side. It also suggests that 

policy measures intended to improve price stability 

should not focus only on price support. Improvements 

in grading, aggregation, quality standards, and trader 

participation may be equally important for reducing 

excessive high-low price dispersion. 

 

E. Unit Roots and Spatial Market Integration 

The spatial integration analysis begins by 

testing the stochastic properties of the price series for 

Ballari, Bengaluru, and Koppala. The ADF results 

(Table 3) show that all three series are nonstationary 

in levels and stationary in first differences. The level 

test statistics are -2.796 for Ballari, -3.043 for 

Bengaluru, and -3.122 for Koppala, with p-values 

above conventional rejection thresholds. The first-

difference statistics are strongly significant, with p-

values reported as zero. This confirms that the three 

series are I(1), satisfying the key prerequisite for 

Johansen cointegration analysis. 

 

Table 3. Unit-root and cointegration evidence for selected foxtail millet price series 

Test/series Level statistic Level p Difference statistic Difference p 

ADF: Ballari -2.796 0.200 -14.418 0.000 

ADF: Bengaluru -3.043 0.171 -12.526 0.000 

ADF: Koppala -3.122 0.143 -15.203 0.000 

 

The static Johansen trace test (Table 4) 

provides strong evidence of long-run integration. The 

null of no cointegration is decisively rejected: the 

trace statistic at r = 0 is 95.75, exceeding the 1 

percent critical value of 41.07. The null of at most 

one cointegrating vector is also rejected at the 5 

percent level: the trace statistic at r <= 1 is 29.13, 

above the 5 percent critical value of 19.96 but below 

the 1 percent critical value of 24.62. At r <= 2, the 

statistic falls below all critical values. The resulting 

cointegration rank is therefore two. With three price 

series, this is the maximum possible rank and implies 

one common stochastic trend among the three 

selected markets. 
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Table 4. Johansen trace test for foxtail millet prices 

Null hypothesis Trace statistic 10% CV 5% CV 1% CV 

r = 0 95.75 32.00 34.91 41.07 

r <= 1 29.13 17.85 19.96 24.62 

r <= 2 4.18 7.52 9.24 12.97 

 

This result is striking because it shows 

strong price integration within a narrow system. 

Foxtail millet is much thinner and more 

geographically concentrated than ragi or pearl millet, 

but the selected major markets share stable long-run 

relationships. The result should not be interpreted as 

evidence that all foxtail millet markets in India are 

integrated. Instead, it shows that the three principal 

price series-Ballari, Bengaluru, and Koppala-form a 

connected regional price system. The market is 

narrow, but within that narrow system prices are 

linked. 

Rolling-window Johansen results (Figure 6) 

reinforce this conclusion. The normalized r = 0 trace 

statistic remains above one throughout the rolling 

windows, indicating persistent rejection of no 

cointegration. The r <= 1 statistic also remains above 

one and rises toward the end of the sample, 

suggesting that the second cointegrating relationship 

strengthens in later windows. The r <= 2 statistic 

remains below one, as expected. Compared with the 

more complex rolling patterns observed for larger 

millet markets, the foxtail millet result is 

straightforward: both static and rolling evidence 

support stable long-run integration among the three 

major districts. 

 

 
Figure 6. Normalized rolling-window Johansen trace statistics for testing dynamic spatial integration among 

foxtail millet markets. 

 

V. INTERPRETATION: THINNESS WITH 

INTEGRATION 
The main empirical contribution of the 

foxtail millet case is that it separates market depth 

from price integration. The arrival data show a very 

narrow formal market. Most recorded trade is located 

in Karnataka, with only one substantial non-

Karnataka cluster in Madhya Pradesh. Within 

Karnataka, Ballari, Bengaluru, and Koppala 

dominate. The distribution of active trading days also 

indicates that only a small number of markets sustain 

regular reporting. This is a thin market in the formal 

APMC system. 

At the same time, the price evidence 

indicates a coherent price system among the leading 

markets. Prices in Ballari, Bengaluru, and Koppala 

share a common stochastic trend and maintain stable 

long-run relationships. This can occur because price 

information and arbitrage relationships may operate 

through a small number of specialized markets even 

when the total volume is limited. Traders, 

wholesalers, processors, and consumers may use a 

few reference markets to form expectations. In such a 

setting, the price system can be integrated even 

though the arrival system is sparse. 

This has implications for interpreting market 

integration tests. A high cointegration rank should not 

be treated as proof of a broad, deep, or nationally 

integrated market. For foxtail millet, cointegration 

reflects strong relationships among the selected major 

districts. It does not mean that peripheral markets are 

integrated, nor does it imply that farmers across all 

producing regions face the same marketing 

opportunities. The correct interpretation is narrower: 

the principal price centers form a stable long-run 

system, but the market's quantity structure remains 

geographically concentrated and institutionally thin. 

The result also helps clarify why arrivals and 

prices should be analyzed together. Arrival data 

identify liquidity, trade concentration, and market 

depth. Price data identify co-movement, volatility, 

and integration. Either source alone would produce an 

incomplete picture. A price-only analysis might 

overstate market development by emphasizing 
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cointegration. An arrival-only analysis might 

understate coordination by emphasizing irregular 

quantities. The combined evidence shows that foxtail 

millet has an uneven market architecture: thin and 

episodic in traded quantities, but strongly connected 

among its main price centers. 

 

VI. POLICY IMPLICATIONS 
The findings suggest that policy support for 

foxtail millet should not be designed as if the 

commodity already has a broad and deep market 

system. The first priority is market deepening. This 

includes improving aggregation at production centers, 

strengthening farmer producer organizations and 

cooperatives, and connecting local surplus regions 

with reliable traders and processors. In a thin market, 

even small improvements in aggregation can increase 

trading regularity and reduce the influence of isolated 

transactions on reported prices. 

Second, quality standardization and grading 

are important. High-low price ranges in foxtail millet 

may reflect quality heterogeneity and uneven 

transaction composition as much as pure volatility. 

Without grade-specific reporting, price dispersion can 

be difficult to interpret and can weaken farmer 

confidence in mandi prices. Better grading standards, 

transparent lot information, and separate reporting for 

quality classes would improve price discovery and 

reduce ambiguity in modal prices. 

Third, the role of Bengaluru as a multi-

commodity aggregation and demand-linked market 

deserves attention. Bengaluru's importance in foxtail 

millet, as in ragi, suggests that urban demand centers 

may play an important role in maintaining price 

linkages even when production is localized. Policy 

efforts that connect dryland producing districts to 

urban processing, retail, and institutional demand 

could strengthen the market without relying entirely 

on conventional procurement models. 

Fourth, the emergence of Dindori as a 

significant non-Karnataka cluster suggests that 

central Indian tribal and dryland regions may require 

a different market-development strategy. A uniform 

national millet policy may miss such spatial 

differences. Karnataka's market network, Bengaluru's 

demand links, Ballari's dryland production base, and 

Dindori's tribal-belt trading structure represent 

different institutional contexts. Market development 

should therefore be region-specific, combining 

production support with localized aggregation, 

transport, storage, processing, and information 

systems. 

Finally, the evidence cautions against 

relying solely on MSP announcements or price 

promotion. For a minor millet with irregular arrivals, 

the existence of a reference price does not 

automatically create market depth. Policy needs to 

reduce transaction costs, improve trading regularity, 

standardize quality, and expand buyer participation. 

Without these complementary institutions, price 

support may influence expectations but may not 

generate sustained formal-market activity. 

 

VII. LIMITATIONS AND FURTHER 

RESEARCH 
The analysis has three main limitations. 

First, it is based on AGMARKNET-reported formal 

market transactions and therefore may not capture all 

foxtail millet trade. Direct sales, informal village 

transactions, processor procurement, household 

consumption, and unreported local exchange may 

remain outside the dataset. This is especially 

important for minor millets, where formal market 

participation is likely to be partial. 

Second, reported modal, maximum, and 

minimum prices are not perfectly homogeneous 

transaction measures. Differences in variety, grade, 

quality, lot size, and trader composition may affect 

price records. For this reason, the Parkinson volatility 

estimates are interpreted as indicators of reported 

high-low price dispersion rather than as pure 

measures of market risk. Future work would benefit 

from grade-specific prices, transaction-level data, or 

independent information on quality composition. 

Third, the cointegration results apply only to 

the selected major markets with sufficiently reliable 

price series. The finding of strong integration among 

Ballari, Bengaluru, and Koppala should not be 

generalized to all foxtail millet markets in India. 

Further research could extend the analysis using 

district-level aggregation, alternative market selection 

rules, price discovery models, and data on 

procurement, processing, and retail demand. Field-

level evidence from traders and farmer producer 

organizations would also help explain how price 

signals move across such a thin but connected market 

system. 

 

VIII. MARKET-LEVEL 

INTERPRETATION 
A market-level reading of the results helps 

explain why the three selected districts form a 

coherent price system. Ballari is the main arrival 

center and therefore provides the closest 

approximation to a production-area reference market. 

It is located in northern Karnataka's dryland belt, 

where foxtail millet cultivation is agronomically 

plausible and where the crop has a clearer local 

production base. In such a setting, regular arrivals can 
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create more continuous contact among farmers, 

commission agents, traders, and local buyers. Even if 

the aggregate market remains thin compared with 

major cereals, Ballari's relative depth gives it a 

central role in price formation. 

Bengaluru plays a different role. Its 

importance does not appear to arise primarily from 

production, but from aggregation, urban demand, 

processing, wholesale trade, and its broader function 

as a multi-commodity market. Its presence among the 

leading foxtail millet markets is therefore analytically 

important. It indicates that minor millet price systems 

may be organized not only around production 

districts but also around urban demand and 

distribution hubs. Bengaluru can transmit demand-

side information to production-area markets even 

when its own arrival pattern is not strongly seasonal. 

This helps explain why Bengaluru prices move with 

Ballari and Koppala even though its quantity pattern 

differs. 

Koppala occupies an intermediate position. 

It is part of the northern Karnataka dryland belt and 

shows marked seasonality in arrivals, especially 

around January, March, and the September-December 

period. Its arrival pattern is more harvest-linked than 

Bengaluru's and more volatile than a mature market 

would normally exhibit. Yet its prices show strong 

long-run co-movement with Ballari and Bengaluru. 

Koppala therefore illustrates the central empirical 

finding of the article: local quantity conditions can 

remain irregular while prices remain linked through a 

wider trading and information system. 

The three-market structure is best interpreted 

as a small regional network rather than as a 

representative national system. Ballari provides 

production-area depth, Bengaluru provides 

aggregation and demand signals, and Koppala 

provides an additional dryland trading node. The 

Johansen result suggests that these roles are 

connected strongly enough to generate a common 

stochastic price trend. However, the same evidence 

does not imply that smaller peripheral markets, one-

day markets, or sporadically reporting mandis are 

integrated in the same way. 

 

Table V. Market roles suggested by the foxtail millet results 

Market/district Observed role Interpretation 

Ballari Leading arrival center 
Production-area reference market with 

relatively greater depth 

Bengaluru Major price and arrival center Urban aggregation and demand-linked market 

Koppala Seasonal dryland market 
Harvest-linked node with strong price co-

movement 

Dindori Non-Karnataka cluster 
Central Indian trading cluster outside 

Karnataka 

 

IX. COMPARISON WITH THE BROADER 

MILLET MARKET TYPOLOGY 
Foxtail millet, in contrast to the two major 

millets ragi and pearl millet/bajra , is a minor millet 

and has far fewer markets and smaller arrivals, yet the 

selected major price series show the maximum 

possible cointegration rank. This difference matters 

because it demonstrates that the number of markets 

and the strength of cointegration are not the same 

thing. A broad market can be incompletely integrated, 

while a narrow market can be internally coherent. 

In the case of ragi, Karnataka's PDS 

procurement has the potential to divert marketable 

surplus away from APMCs. This complicates the 

interpretation of arrivals because formal market 

arrivals may be partly residual to procurement 

channels. Foxtail millet lacks such a dominant 

procurement channel. Its formal arrivals are therefore 

more likely to represent spot market participation, but 

they are also small and irregular. The absence of 

procurement diversion makes the quantity signal 

more direct, while the absence of procurement 

support makes the market more vulnerable to thin 

trading. 

Compared with pearl millet, foxtail millet is 

geographically narrower and institutionally less 

developed. Pearl millet has larger production 

volumes, more states, and a wider policy footprint. 

Foxtail millet is concentrated heavily in Karnataka 

and, to a lesser extent, Madhya Pradesh. The 

implication is that foxtail millet cannot be analyzed as 

a scaled-down version of pearl millet. It requires a 

separate market-development logic centered on local 

aggregation, dryland production clusters, urban 

demand links, and quality-sensitive niche 

consumption. 

This comparison also has implications for 

policy sequencing. For ragi and pearl millet, the 

central question may be how procurement, private 

trade, and market integration interact. For foxtail 

millet, the challenge is different: a recognizable price 

network already exists, but the underlying arrival 

base remains thin. Policy can therefore build on an 
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existing price system by strengthening aggregation, 

grading, and buyer participation in the main 

producing and trading districts. 

 

Table VI. Interpreting foxtail millet market dimensions. 

Dimension Foxtail millet evidence Interpretive meaning 

Arrival scale Small and concentrated Narrow formal market base 

Geography 
Karnataka dominated; MP 

secondary 
Specialized regional market 

Seasonality Locally irregular District-level calendars matter 

Volatility Frequent high-low spikes 
Thinness and quality variation 

affect prices 

Integration 
Maximum rank among three 

markets 
Narrow but stable price system 

 

X. IMPLICATIONS FOR DATA SYSTEMS 

AND MARKET DEVELOPMENT 
The first implication concerns agricultural 

market data. AGMARKNET is often treated 

primarily as a price database, but the foxtail millet 

case shows that its arrival and trading-day 

information is equally important. Arrivals identify 

where the market is liquid, where trade is episodic, 

and where price observations are likely to be more 

reliable. In a thin commodity market, price series 

without arrival context can be misleading. A price 

recorded in a one-day market and a price recorded in 

a market with thousands of active trading days should 

not be interpreted in the same way. 

The second implication concerns market 

selection for econometric work. Minor millets present 

severe challenges because many markets report prices 

irregularly or only for short periods. Selecting 

markets solely by total arrivals can include high-

volume but sporadically reporting markets; selecting 

solely by reporting continuity can omit markets that 

are commercially important but irregular. A 

defensible strategy therefore requires combining 

arrival share, active trading days, continuity, and 

economic relevance. The foxtail millet analysis 

follows this logic by focusing the integration analysis 

on the major districts with adequate price series. 

The third implication concerns price 

reporting. The minimum, maximum, and modal price 

structure is useful, but it is not sufficient to separate 

pure price risk from quality heterogeneity. In foxtail 

millet, high-low price dispersion likely reflects a mix 

of market uncertainty, quality differences, lot 

characteristics, and thin trading. More detailed 

reporting by grade, variety, moisture content, or lot 

type would improve the interpretation of volatility. 

This is particularly relevant for minor millets, where 

emerging value chains may involve differentiated 

products for health-conscious consumers, processors, 

and institutional buyers. 

The fourth implication concerns market-

development interventions. Since the main price 

centers already show long-run linkages, policy can 

focus on strengthening the quantity side of the 

market. Aggregation through farmer producer 

organizations, local collection centers, and trader 

networks could increase the regularity of arrivals. 

Investments in cleaning, grading, storage, and small-

scale processing could reduce quality uncertainty and 

support more stable price discovery. Urban demand 

linkages, especially through Bengaluru, could be used 

to connect production clusters to processors and 

retailers. 

The fifth implication concerns the design of 

procurement or price-support programs. For foxtail 

millet, a simple procurement announcement may not 

be enough to deepen the market. The commodity's 

narrow formal trade base suggests that procurement 

would need to be accompanied by decentralized 

aggregation, local awareness, quality protocols, and 

reliable off-take. Otherwise, the policy may influence 

expectations without generating regular market 

participation. Market-building should therefore 

precede or accompany price support. 

 

XI. FURTHER RESEARCH AGENDA 
Future research should extend the analysis in 

four directions. First, the link between production and 

arrivals needs more direct investigation. The present 

analysis uses AGMARKNET arrivals as the observed 

formal market outcome. It does not directly observe 

production, farm-level retention, informal sales, or 

processor procurement. Linking district-level 

production estimates with mandi arrivals would help 

determine how much of the crop enters formal 

markets and how this share changes over time. 

Second, trader and processor behavior 

should be studied directly. Cointegration reveals that 

prices move together in the long run, but it does not 

identify the agents who transmit information and 
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arbitrage across markets. Field interviews with 

traders, commission agents, processors, farmer 

producer organizations, and retailers could explain 

whether price linkages operate through physical 

trade, information flows, common buyers, or demand 

from urban consumption centers. This would help 

convert statistical integration into an institutional 

explanation. 

Third, the role of quality and product 

differentiation deserves more attention. Minor millets 

are increasingly marketed as health foods, processed 

foods, and traditional grains. The same crop may 

therefore move through different channels with 

different quality expectations and consumer 

segments. If AGMARKNET prices combine 

heterogeneous lots, the modal price may hide 

important differences between raw grain, cleaned 

grain, processed grain, and varieties suitable for 

different uses. Future work could combine mandi data 

with retail and processor-level price data. 

Fourth, a comparative minor millet study 

would be valuable. Foxtail, kodo, and little millet 

differ sharply in market depth and integration. A 

systematic comparison could identify why some 

minor millet markets develop stronger price linkages 

while others remain segmented. Such a study could 

examine differences in agro-ecology, state policy, 

local institutions, processing demand, urban 

consumption, transport access, and community-level 

production systems. This would help design 

commodity-specific policies rather than treating all 

minor millets as a single policy category. 

 

XII. ROBUSTNESS AND 

INTERPRETATION CAUTIONS 
Several interpretation cautions are important 

when interpreting minor millet market integration. 

The first concerns the difference between formal-

market arrivals and total marketed surplus. 

AGMARKNET arrivals are a valuable indicator of 

formal mandi activity, but they do not measure all 

channels through which foxtail millet may move. A 

portion of the crop may be retained by households, 

sold locally, aggregated outside APMC yards, or 

moved directly to processors and retailers. Therefore, 

low AGMARKNET arrivals should not be read as 

low production. They indicate limited or irregular 

participation in the recorded formal market system. 

The second caution concerns units and 

aggregation. The result tables report arrivals at 

different administrative levels, and the substantive 

interpretation relies primarily on shares, active 

trading days, and relative concentration rather than on 

unit comparisons alone. This is appropriate because 

the article's key question is not the absolute 

production volume of foxtail millet but the structure 

of formal trading activity. Shares show how 

concentrated the market is; active trading days show 

whether trade is regular; and price series show 

whether the leading markets are linked. These 

indicators together provide a stronger interpretation 

than a single aggregate volume measure. 

The third caution concerns the relationship 

between cointegration and welfare. Strong 

cointegration among major markets does not 

necessarily imply that farmers receive remunerative 

prices, that consumers face stable prices, or that all 

regions are well connected. Cointegration identifies 

long-run co-movement among selected price series. It 

does not directly measure margins, transport costs, 

bargaining power, trader competition, or farmer 

access to the integrated price network. The article 

therefore treats integration as evidence of price 

linkage, not as conclusive evidence of efficient or 

equitable market performance. 

The fourth caution concerns the volatility 

ranking across markets. The detailed volatility 

discussion in the source results emphasizes the role of 

thin trading and suggests that Ballari's relatively 

greater volume makes its price dispersion more stable 

than the other selected markets. This is the 

interpretation adopted in the article because it is 

consistent with the market-depth logic. The broader 

conclusion, however, does not depend on a precise 

ranking of the three markets. The more important 

finding is that all selected foxtail millet markets 

exhibit price dispersion shaped by thin trading, 

quality heterogeneity, and irregular participation. 

 

XIII. CONCLUSION 
Foxtail millet markets in India display a 

distinctive combination of thin arrivals and strong 

price linkages among the leading trading districts. 

The AGMARKNET evidence shows that formal 

arrivals are geographically concentrated, with 

Karnataka overwhelmingly dominant and Madhya 

Pradesh as the only significant additional state. At the 

district and mandi levels, Ballari, Bengaluru, and 

Koppala occupy central positions. Arrivals are 

irregular, locally seasonal, and sensitive to market-

specific conditions. This confirms that foxtail millet 

is not a broad or continuously traded national market 

in the formal APMC system. 

Prices, however, display more common 

movement than arrivals. VWAP trends rise across the 

selected markets, seasonal price components are 

weaker than long-term trend movements, and the 

main district price series are integrated of order one. 

The Johansen trace test identifies the maximum 

possible cointegration rank among the three markets, 



 

  

International Journal of Humanities Social Science and Management (IJHSSM) 

Volume 6, Issue 4, Jul. – Aug., 2026, pp: 686-696                         ISSN: 3048-6874  

www.ijhssm.org                                                      

 

 

 

DOI: 10.5281/zenodo.22009807     | Impact Factor value 7.52 |   ISO 9001: 2008 Certified Journal        Page 696 

while rolling-window results show that this 

integration remains stable over time. Foxtail millet 

therefore appears to have a narrow but strongly linked 

price system. 

The central lesson is methodological as well 

as substantive. Market integration analysis should not 

be separated from market-depth analysis. 

Cointegration can reveal long-run price linkages, but 

arrivals, trading days, and market concentration 

reveal whether the underlying market is deep, regular, 

and broad. For foxtail millet, the answer is mixed: the 

price system is linked among the leading centers, but 

the quantity side remains thin and institutionally 

fragile. Effective policy should therefore move 

beyond price support alone and focus on aggregation, 

quality standards, processing links, market 

information, and localized institutional development. 
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