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ABSTRACT

The present study examined the growth and instability in grape production across selected districts of
North Karnataka (Vijayapura, Belagavi and Bagalkot) and South Karnataka (Chikkaballapura and
Bengaluru Rural) using secondary time-series data obtained from the Directorate of Horticulture,
Government of Karnataka. District-level data covered 2003-04 to 2023-24 (2007-08 to 2023-24 for
Chikkaballapura), and a common period of 2007-08 to 2023-24 was used for regional comparison. The
compound annual growth rate (CAGR) was estimated using a log-linear regression model, while pro-
duction instability was assessed through the coefficient of variation (CV) and the Cuddy-Della Valle in-
stability index (CDVI). A region x time interaction model was fitted to test differences in growth rates
between the two regions. Among North Karnataka districts, Vijayapura recorded the highest and statisti-
cally significant growth rate (15.25 per cent per annum), followed by Belagavi (11.48%) and Bagalkot
(8.20%). In South Karnataka, Bengaluru Rural showed a significant growth rate of 1.95 per cent,
whereas Chikkaballapura recorded a non-significant growth of 1.49 per cent. Instability was highest in
Vijayapura (CV: 94.86%; CDVI: 46.32%) and lowest in Bengaluru Rural (CV: 15.01%; CDVI: 8.89%)
among all the districts studied. During the common period, North Karnataka recorded a substantially
higher regional CAGR (14.45%) than South Karnataka (1.62%), a difference confirmed as highly sig-
nificant (p < 0.001) by the region x time interaction. North Karnataka also exhibited greater production
instability (CV: 73.44%; CDVI: 30.36%) compared with South Karnataka (CV: 17.46%; CDVI:
15.30%). The findings indicate that the faster expansion of grape production in North Karnataka was
accompanied by considerably greater year-to-year fluctuations, while South Karnataka showed slower
but comparatively more stable growth. These contrasting patterns underline the need for region-specific
strategies, with North Karnataka requiring stronger production-risk management, efficient irrigation and
post-harvest infrastructure, and South Karnataka benefiting from improved production technologies and
market linkages to sustain growth. The study highlights the importance of jointly considering growth
and instability while assessing the regional performance of horticultural crops.

Keywords: Growth rate, Instability, Cuddy-Della Valle index, Log-linear regression

Introduction

Grape (Vitis vinifera L.) is an important commercial fruit crop cultivated for fresh consumption, processing
and export. Globally, grape production was about 77.7 million tonnes in 2024, while India produced approx-
imately 3.90 million tonnes during 2023-24 (OIV, 2025; Indiastat, 2025) [% . Comparatively Karnataka
found one of the important grape-producing state in India, with production of about 10.5 lakh tonnes in re-
cent estimates (NRC Grapes, 2024) [3]. Within Karnataka, grape production is distributed across several dis-
tricts, with important production centres in both northern and southern regions. During 2023-24, Vijayapura
recorded grape production of about 8.69 lakh tonnes, followed by Belagavi (1.37 lakh tonnes) and Bagalkot
(0.75 lakh tonnes) in North Karnataka. In South Karnataka, Chikkaballapura and Bengaluru Rural recorded
production of about 0.81 and 0.46 lakh tonnes, respectively (Directorate of Horticulture, 2024) [4]. Thus, the
selected districts of North Karnataka together accounted for 10.81 lakh tonnes, whereas the selected districts
of South Karnataka accounted about 1.27 lakh tonnes of grape production during 2023-24.

The magnitude of production alone does not adequately describe the performance of a production region.
Growth analysis indicates the rate and direction of change in production over time, while instability analysis
measures fluctuations in production around the underlying trend. These measures are useful for assessing the
long-term production performance of commercial horticultural crops and for understanding regional varia-
tion in production dynamics. Several studies have examined the growth and instability of grape production
in India and Karnataka. Devaraj (2020) [3] reported positive growth in grape production in Karnataka during
2004-05 to 2018-19 and highlighted the changing production performance of the crop over time duration.
Sathyendra Kumar ez al. (2022) [6] reported a significant annual growth rate of 7.96 per cent in grape pro-
duction in Karnataka, with production instability estimated at 13.72 per cent. Recently, Kencharaju et al.
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(2025) [] reported a compound annual growth rate of 6.09 per cent in
grape production in Karnataka during 1991-92 to 2021-22. These
studies indicate considerable temporal changes in grape production in
Karnataka, but the magnitude of growth and instability may consider-
ably vary among production regions.

Research gap

Previous studies have mainly examined grape production growth and
instability at the state, division or individual district level. However,
limited studies have directly compared the growth and instability of
grape production among selected districts of North and South
Karnataka using a specific study period. Differences in production
magnitude may not necessarily correspond to variation in growth rate
or production stability. Therefore, a regional comparison is effectively
required to quantify the differences in grape production growth and
instability between the two selected regions. In view of this the
present study was undertaken with the specific objectives:

1. To estimate the growth rate of grape production in selected dis-
tricts of North and South Karnataka.

2. To assess the instability in grape production across the selected
districts.

3. To compare the growth and instability of grape production be-
tween Districts of North and South Karnataka.

Materials and methods

Study area and data source

The study was conducted to assess the growth and instability of grape
production in selected districts of North and South Karnataka.
Vijayapura, Belagavi and Bagalkot were selected from North
Karnataka, while Chikkaballapura and Bengaluru Rural were selected
from South Karnataka. Secondary data on annual grape production
were obtained from the Directorate of Horticulture (Planning),
Department of Horticulture, Government of Karnataka, Bengaluru.
The data covered the period 2003-04 to 2023-24 for Vijayapura,
Belagavi, Bagalkot and Bengaluru Rural, whereas data for
Chikkaballapura were available from 2007-08 to 2023-24. For effec-
tive comparison between the two selected regions, the common pe-
riod of 2007-08 to 2023-24 was considered. Regional production was
obtained by summing the annual production of the selected districts
within each region. Similar use of secondary time-series data for as-
sessing growth and instability of agricultural and horticultural produc-
tion has been reported in previous studies (Sathyendra Kumar et al.,
2022; Nagaveni et al., 2024; Ralte, 2023) [6: 8,91,

Growth analysis

The compound annual growth rate (CAGR) of grape production was
estimated using the log-linear regression model, which is widely used
for estimating compound growth in agricultural time series data
(Sathyendra Kumar ef al., 2022; Mishra ef al., 2025) [6: 101,

The model was specified as:

In(Y,) =a+bt+eg,

where, Y;: Grape production in year ¢, a: Intercept, b: Regression co-
efficient representing the instantaneous growth rate and ¢;: Random
error term.

The compound annual growth rate was calculated as:

CAGR = (e’ —1) x 100

The estimated regression coefficient b was tested for statistical signif-
icance using the Student's #-test. A probability level of p < 0.05 was
considered statistically significant. The same log-linear approach and
significance testing have been used in agricultural growth studies in-
volving production time series (Sathyendra Kumar et al., 2022; Wani
et al., 2024) [6: 11],
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Instability analysis

Production instability was assessed using the coefficient of variation
(CV) and the Cuddy-Della Valle instability index (CDVI). The coeffi-
cient of variation was calculated as:

CV= S£X100
Y

where SD: Standard deviation and Y: Mean production.

Since the coefficient of variation may overstate instability in time-se-
ries data having a systematic trend, the Cuddy-Della Valle index
(CDVI) was used as the principal measure of production instability
(Cuddy et al., 1978) 1121,

The CDVI was calculated as:

CDVI=CV,/1-R?

where R? indicates the coefficient of determination obtained from the
fitted time trend regression. The index adjusts the coefficient of varia-
tion for the effect of the underlying trend, thereby providing a more
appropriate measure of instability in time-series agricultural data
(Cuddy et al., 1978; Ralte, 2023) [12: 9. A higher CDVI value indi-
cates greater production instability, whereas a lower value indicates
relatively greater stability. The CDVI has been widely applied in stud-
ies of both agricultural and horticultural crops, including grape pro-
duction in Karnataka (Sathyendra Kumar et al., 2022; Nagaveni et al.,
2024) [0. 8],

Regional comparison

For regional comparison, annual grape production of the selected dis-
tricts was aggregated separately for North Karnataka and South
Karnataka over the common period of 2007-08 to 2023-24. Mean
production (x), standard deviation (SD), CV, CAGR and CDVI were
estimated for each selected region.

To formally test whether the growth rates of grape production differed
between the two regions, a log-linear regression model incorporating
aregion x time interaction term was fitted using

In(Y,) =B, + Bt +B,R+B,(tXR) +¢

where 'R’ denotes the regional group and 't X R represents the inter-
action between time and region. The significance of the interaction
coefficient ’ﬁ; was used to determine whether the production growth
rates differed significantly between North and South Karnataka
regions.

Statistical analysis

The analysis carried out consisted of three components: (i) CAGR for
measuring production growth, (ii) CV and CDVI for measuring pro-
duction instability, and (iii) a region X time interaction model for test-
ing differences in regional growth rates. These approaches are consis-
tent with established methods used for analysing growth and instabil-
ity in agricultural production (Cuddy et al., 1978; Sathyendra Kumar
et al., 2022; Nagaveni ef al., 2024; Ralte, 2023) [12: 6,8, 9],

Result and discussion

Growth in grape production

The compound annual growth rates of grape production for the se-
lected districts are presented in Table 1. Among the North Karnataka
districts, Vijayapura recorded the highest growth rate of 15.25 per
cent per annum, followed by Belagavi (11.48%) and Bagalkot
(8.20%). The growth coefficients were statistically significant at the 5
per cent level, indicating a sustained increase in grape production
over the respective study periods.
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In South Karnataka, Bengaluru Rural recorded a significant positive
growth rate of 1.95 per cent per annum, as compared to
Chikkaballapura registered a growth rate (1.49 % per annum), estab-
lishing statistically non-significant (p > 0.05). Thus, although produc-
tion in Chikkaballapura increased over the study period, the observed
increase was not sufficiently consistent to establish a statistically sig-
nificant compound growth.

The comparatively higher growth rates observed in the selected North
Karnataka districts may be associated with the expansion and intensi-

https://www.extensionjournal.com

fication of grape production in the region. In particular, the high
growth observed in Vijayapura indicates a substantial increase in
grape production over the study period. The positive growth observed
in Belagavi and Bagalkot also indicates continued expansion of grape
production in these districts. Similar positive growth in grape produc-
tion in Karnataka has been reported by Devaraj (2020) [5] and
Sathyendra Kumar ef al. (2022) (6], although the magnitude of growth
differs across study periods and geographical units.

Table 1. Growth in grape production in selected districts of North and South Karnataka

Regions Selected Districts Study period Mean Production (MT) CAGR (%) Significance
North Karnataka Vijayapura 2003-04 to 2023-24  246,729.50 15.25 Significant
Belagavi 2003-04 to 2023-24  50,596.01 11.48 Significant
Bagalkot 2003-04 to 2023-24  38,095.43 8.20 Significant
South Karnataka Chikkaballapura 2007-08 to 2023-24  65,089.00 1.49 Non-Significant
Bengaluru Rural 2003-04 to 202324  36,478.71 1.95 Significant

Note: Significant at p < 0.05, MT: Metric tonnes

Instability in grape production

The variability and instability estimates are presented in Table 2.
Among the selected districts, Vijayapura recorded the highest coeffi-
cient of variation (94.86%) and Cuddy—Della Valle instability index
(46.32%). This indicates that grape production in Vijayapura experi-
enced considerable year-to-year fluctuations despite the strong posi-
tive long-term growth.

Belagavi recorded a coefficient of variation of 68.99 per cent and a
CDVI of 25.74 per cent, while Bagalkot recorded 51.32 per cent and
20.09 per cent, respectively. The lower CDVI of Bagalkot compared
with Vijayapura and Belagavi indicates relatively lower fluctuation
after accounting for the underlying trend.

Among the South Karnataka districts, Chikkaballapura recorded a
CV of 26.05 per cent and a CDVI of 24.77 per cent, whereas
Bengaluru Rural recorded substantially lower values of 15.01 per cent
and 8.89 per cent, respectively. The relatively low CDVI in Bengaluru
Rural indicates that its grape production fluctuated less around the un-
derlying trend during the study period.

The differences between CV and CDVI across districts also demon-
strate the importance of accounting for the underlying trend when
measuring instability. The present findings are consistent with earlier
studies that have identified variability in grape production across
Karnataka and emphasized the usefulness of trend-adjusted measures
of instability (Cuddy ef al., 1978; Sathyendra Kumar et al., 2022) [12:
6]

Table 2. Instability in grape production in selected districts of North and South Karnataka

Regions Selected Districts Mean production (MT) SD (MT) CV (%) R2value CDVI (%)
North Karnataka ~ Vijayapura 246,729.50 234,041.50 94.86 0.762 46.32
Belagavi 50,596.01 34,907.81 68.99 0.861 25.74
Bagalkot 38,095.43 19,551.28 51.32 0.847 20.09
South Karnataka  Chikkaballapura 65,089.00 16,958.52 26.05 0.096 24.77
Bengaluru Rural 36,478.71 5,477.08 15.01 0.649 8.89

Note: CDVI = Cuddy-Della Valle Instability Index.

The estimated CAGR was 14.45 per cent per annum for North
Karnataka, while South Karnataka recorded a CAGR of 1.62 per cent
per annum. Both regional growth rates were statistically significant.

Comparative growth and instability between North and South
Karnataka

For a meaningful regional comparison, the common period 2007-08
to 2023-24 was used. The results are presented in Table 3. During this
period, the selected districts of North Karnataka recorded a mean an-

Furthermore, the region X time interaction in the log-linear model was
highly significant (p < 0.001), confirming that the production growth
rates differed significantly between the two regions.

nual grape production of 3.93 lakh tonnes, compared with 1.03 lakh
tonnes in the selected districts of South Karnataka.

Table 3. Regional comparison of growth and instability in grape production for the period 2007-08 to 202324

Region Mean production (lakh tonnes) CV (%) CAGR (%) R2? value CDVI (%)
North Karnataka 3.93 73.44 14.45 0.8290 30.36
South Karnataka 1.03 17.46 1.62 0.2330 15.30

Note: CAGR significant at p < 0.05 for both regions. Difference in regional growth rates was significant based on the region X time interaction (p <
0.001).

period. At the same time, North Karnataka exhibited greater produc-
tion variability, with a CV (73.44 %) and CDVI (30.36 %), compared
to South Karnataka (CV =17.46 % and CDVI = 15.30 %).

The regional results indicate that grape production in the selected
North Karnataka districts increased at a substantially higher rate than
that observed in South Karnataka districts during the common study
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The higher growth accompanied by greater instability in North
Karnataka suggests that the increase in production was associated
with considerable year-to-year fluctuations. In contrast, the selected
South Karnataka districts recorded a comparatively lower production
growth rate with lower overall variability. The regional differences
noticed in the present research study extend the findings of earlier
Karnataka-level studies by demonstrating that grape production dy-
namics can differ considerably across geographical regions within the
state (Devaraj, 2020; Sathyendra Kumar et al., 2022) [3- 6],

Overall finding

Overall, the Statistical analysis showed significant positive growth in
grape production in Vijayapura, Belagavi, Bagalkot and Bengaluru
Rural, while Chikkaballapura district showed a positive but non-sig-
nificant growth rate (p > 0.05). Among the districts, Vijayapura exhib-
ited both the highest production growth and the highest instability. At
the regional level, the selected North Karnataka districts recorded a
significantly higher production growth rate than the selected South
Karnataka districts, but also showed greater production instability.
These findings demonstrate that growth and stability followed differ-
ent patterns across the two regions, highlighting the importance of
considering both measures when assessing the long-term performance
of grape production.

Conclusion

The study revealed distinct differences in grape production growth
and instability between the selected districts of North and South
Karnataka. In North Karnataka districts, Vijayapura (15.25%),
Belagavi (11.48%) and Bagalkot(8.20%) recorded significant positive
growth rates. In South Karnataka, Bengaluru Rural recorded signifi-
cant growth of 1.95 per cent, while the growth in Chikkaballapura
(1.49%) was non-significant. During the common period of 2007-08
to 202324, North Karnataka recorded a substantially higher produc-
tion growth rate (14.45%) than South Karnataka (1.62%), and the re-
gion X time interaction was highly significant (p < 0.001), confirming
a significant difference in growth rates between the two regions
selected.

Production instability also varied considerably across the selected dis-
tricts. North Karnataka recorded higher regional variability (CV =
73.44%; CDVI = 30.36%) compared with South Karnataka (CV =
17.46%; CDVI = 15.30%). Among the districts, Vijayapura showed
the highest instability, whereas Bengaluru Rural recorded the lowest.
Overall, the findings demonstrate that the selected North Karnataka
districts experienced faster grape production growth but greater tem-
poral fluctuations, while South Karnataka districts exhibited relatively
gradual growth with lower variability. These differences exclusively
highlight the need for region-specific strategies that combine produc-
tion expansion with risk management and production stabilisation.

Policy implications
a. North Karnataka Region: The high growth and relatively high
instability of grape production in North Karnataka call for
greater emphasis on production-risk management, efficient irri-
gation, climate-resilient practices, crop insurance and strength-
ening of post-harvest infrastructure to stabilise production and
manage increasing output.
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b. South Karnataka Region: The relatively low growth and lower
production instability in South Karnataka indicate scope for im-
proving production technologies, strengthening extension ser-
vices, efficient resource utilisation, value addition and market
linkages to support sustained growth in grape production.

References

1.

11.

12.

Indiastat. Area, production and productivity of grapes in India and
Karnataka. 2025.

International Organisation of Vine and Wine. OIV statistical
brief: Wine, table grapes and dried grapes in 2024. International
Organisation of Vine and Wine; 2025.

National Research Centre for Grapes. State-wise grape area and
production. Indian Council of Agricultural Research; 2024.

Directorate of Horticulture (Planning), Department of
Horticulture, Government of Karnataka. District-wise area, pro-
duction and productivity of horticultural crops in Karnataka.
Bengaluru: Government of Karnataka; 2024.
Devaraj M. Growth and instability analysis of grapes production
in Karnataka. Indian J Econ Dev. 2020;16:94-98.
Sathyendra Kumar AD, Pant SC, Gummagolmath KC, Kadam
MM. Growth performance of different varieties of grapes in
Karnataka. Indian J Econ Dev. 2022;18(2):395-401.
Kencharaju GK, Gopalappa DV. Performance of the area and pro-
duction of grapes in Karnataka. Paripex Indian J Res. 2025;14(4).
Nagaveni M, Kulkarni GN, Guledagudda SS, Venugopal C,
Rajkumara S. Trends and status of horticultural crops in
Karnataka. J Farm Sci. 2024;37(2):167-171.
Ralte R. Growth and instability analysis of cereal crops in India.
Int J Agric Environ Biotechnol. 2023;16(3):205-210.
. Mishra A, Kumar M, Singh G, Singh S. Empirical analysis of the
growth dynamics and instability of cotton, jute, and mesta in
India. Asian J Adv Agric Res. 2025;25(3):21-28.
Wani BK, Kaspate RNM, emane SR. Growth and instability in
area, production and productivity of major cash crops in India.
Ecol Environ Conserv. 2024;30(2):858-864.
Cuddy JDA, Della Valle PA. Measuring the instability of time se-

ries data. Oxf Bull Econ Stat. 1978;40(1):79-85.
How to cite this article: Dodamani S, Kamble A,
Kyatappanavar S, CM LR, Venkatesh L. Comparative analysis of
growth and instability in grape production across selected dis-
tricts of North and South Karnataka. International Journal of
Agriculture Extension and Social Development. 2026;9(10):199-
202. doi: https://www.doi.org/10.33545/26180723.2026.v9.i10c.

4380

T 1€L0819T

SPSEE01/310'10p"MMma//:sdny woy papeojumo (01)6 ‘970

€TLOBIIT

)2/01/L0] uo Juawdo[oAd(] [B190S PUB UOISUIXE AIMNOLSY JO [BUINOf [EuonBuIa] Aq 08EHD01'6A 9Z0T

ASUADIT SUOWWO)) dANELAI)) d[qearjdde ayy £q pausoa0S a1e sa[onIe () (asn Jo sani 10§ (Wod [eumofuoisualxammm//:sdny) suonipuoy) pue suuo] oyl 998 *[97(


https://www.doi.org/10.33545/26180723.2026.v9.i10c.4380
https://www.doi.org/10.33545/26180723.2026.v9.i10c.4380

