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ABSTRACT

Mango (Mangiferaindica) is one of potential fruit crops in the tropics, adopted to a wide range of soil and relatively
easy to cultivate anywhere in the country in several seasons. It plays a key role to make India top runner in global
mango production.Data for a period of 2006-07 to 2015-16 has been analyzedwith respect to area, production,
productivity, quantity, and value of export of Indian mangoes. The Markov chain modeland transitional probability
matrices was  used for forecasting the major global market and nature of export of Indian mango.Results revealed
that compound growth rate of area were non-significant whereas compound growth rate (CGR)of production,
productivity and value of export were positively significant at 1 per cent level of probability while, the quantity of
export was negatively significant at 1 per cent level of probability. The study also revealed that CGR of value of
export was 10.81 per cent per annum and quantity of export had shown a decreasing trend with CGR value (-) 7.56
per cent per annum. The countries like the UAE is one of the major market for Indian mango which imported 38.33
per cent quantity and it was greater than half of the value of fresh mango exported from India.Bangladesh is one of
the most stable markets of Indian mango as reflected by 82.32 per cent probability of retention in terms of quantity
export;the UAE remained at top in total value exported as reflected 75 per cent retention probability.As per these
facts, India has a good and significant potential for increasing production, productivity and export of mango crop.
Therefore, India mustpay more attention for increasing production with superior quality, supported by favourable
export promotion policies. Besides, attempts have to be taken to create new market and expand the trade area to
other global major existing markets.
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After the implementation of the liberalized economy,
the nation has observed the remarkable change in the
production sector. Agriculture is also one of them, where
the land use pattern is shifting from traditional food
grains to high value nutritional based horticultural crops.
This phenomenon has a great momentum due to less
remunerative prices of stable food grains mainly rice
and wheat, in the middle and lower Indo Gangetic belts
region of the nation. On the other hand, the wide range
of natural endowment existing in India is very much
favorable for growing a large array of horticultural crops
throughout the country. In the horticulture industry, the
fruit production and area devotion under mango stand
at the top position and it covers 21.83 per cent of total
fruits crops area and holds the second rank in total fruits
production 35.53 per cent Singh et al. (2018).

Today, India has become the world’s largest producer
of mango with 92.8 thousand million tons of production
with coverage of 6.5 thousand hectares acreage.
Traditionally, it has the potentiality to earn foreign
exchange, while at the same time acting as a source of
food security and household income for farmers. In spite
of this, the production to export ratio for Indian mango
is less than one per cent, which is comparatively very
low and has a downward trend as compared to last year.
The major export destinations of Indian mango are the

USE (60%), the UK (16%), Saudi Arabia (4%) and
Kuwait (3%) Sharma and Mathur (2016).Considering
the these fact in mind, the present study aims to examine
the trend of growth rate of Indian fresh mango in respect
of area, production, productivity and export dynamics
in terms of quantity and value. Besides future prospect,
structural stability, nature and routeof trade had been
exercised.

MATERIALS  AND  METHODS
This study is absolutely based on a time series data

on area, production, productivity and export of fresh
mango in terms of quantity and value from India. Data
obtained from various publications issued by of
Agricultural and Processed Food Products Export
Development Authority (APEDA)for a period of 2006-
07 to 2015-16. The compound growth rate was carried
out to determine the growth trend in area, production,
productivity, export (quantity and value) by using an
exponential form of equation and in modeling time trend.
The exponential trend or log-linear as employed by
Ahmed et al. (2015) was used.

The exponential trend equation for area, production,
productivity and quantity and value of export was
specified as follows;

Yt = eo +iti + ut ... (1)
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By taking the natural logarithm of both sides, the
linear form of the equation was obtained making it
amenable to OLS as;

Lin Yt = o + iti + ut ... (2)
Where:
Yt =  area, production, productivity and quantity and

value of export in the year t,
o = intercept of the trend equation,
i = trend coefficient,
ut = disturbance term/stochastic term or error term

for the year t
From the equation-2, the compound growth rate was

computed as follows.
r = (ei-1)*100 ... (3)
Where:
r =  compound growth rate,
i

 =  estimated coefficient from equation -2,
e = euler’s exponential constant (=2.71828)

Markov chain analysis
In the present study, the dynamics of trade patterns

(gain and loss) and direction Indian mango export was
examined using the stationary form of the first order
Markov chain model. In this model, involved developing
a Transitional Probability Matrix (TPM) explains the
shift of exports from one country to another. The diagonal
elements ‘P’ of transitional probability matrix indicate
the retention probability and off-diagonal elements
represent switching-over probability. The general
mathematical form of first order Markov model is
(Sharma, 2017)

Where :
Ejt = Exports from India to the jth country in the year t,
Ejt-1 = Exports of ithcountry during the year t-1,
Pij = Probability that exports will shift from ith country

to jth country,
ejt = error term which is statistically independent of

Eit-1,
n = number of importing countries.
The transitional probabilities Pij’ which can be

arranged in a (Column x Row) matrix, have the following
properties.

Thus, the expected export share of each country
during the period ‘t’ is obtained by multiplying the
exports to these countries in the previous period (t-1)

with the transitional probability matrix (T). It was
estimated for the period 2006-07 to 2015-16 by using
‘Linear Programming Technique’ (LPT) framework
referred to as Minimization of Mean Absolute Deviation
(MAD).

Min, OP* +I e
Subject to,
XP* + V = Y
GP* = 1
P* e  0
Where,
P* = Vector of the probabilities Pij
O = Vector of zeros
I = Dimensional vectors of areas
e = Vector of absolute errors
Y = Proportion of exports to each  country
X = Block diagonal matrix of lagged values of Y
V  = Vector of errors
G =  Grouping matrix to add the row elements of P

arranged in P* to unity
Predictions of the quantity of fresh mango export

were made by using the Transitional Probability Matrix.
Bt = B0*T
Bt+i = Bt+i-1*T
Where,
Bt = Quantity exported in current year,
B0 = Quantity exported in base year,
Bt+i = Quantity exported in next year (prediction),
T = Transitional probability matrix.

RESULTS AND DISCUSSION
The compound growth rates for area, production,

productivity and export of mango were analyzed for a
period of ten years (2006-07 to 2015-16) and have been
presented in the table 1. The results revealed that
compound growth rate in area was positive and non-
significant whereas compound growth in production,
productivity and value of export were positive and
significant at 1 per cent level of probability while the
quantity of export was negatively significant at 1 per
cent.The compound growth rate regarding quantity and
value of export, where the growth of value of export
was increasing at 10.81 per cent per annum and quantity
of export had shown a decreasing trend of 7.56 per cent.
This finding is similar to the study of Kusuma and
Basavaraja (2014) where the productivity (-0.72% per
annum) of mango was negative and could be due to poor
management practices adopted by the producers. The
quantity of mango export has increasing at 5.56 per cent
per annum during the period 2001-02 to 2010-11.
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Table 1: Compound growth rates of area,
production, productivity and export of fresh
mangoes in India (2006-07 to 2015-16)

Particulars CGR( % Per annum)
Area 0.47NS

Production 4.70*
Productivity 14.83*
Quantity of Export -7.56*
Value of Export 10.81*
Note: Figures in parentheses indicate in per cent.*

denotes significant at 1% (P<0.01) level of probability,
NS denotes Non Significant, CGR (Compound Growth
Rate)

The compound growth rate of mango production is
positive and statistically significant at 1 percent level of
probability while the total quantity of mango export is
found negative, which implies that the 7.56 per cent
export quantity decrease. Even though, growth in value
of export has found to be extremely high indicating good
potential and more profit for Indian mangoes. The export
of mango from India has declined in the countries like
the UAE, Bangladesh, the UK, and the Netherlands.
While increased in the export of mango from India
observed in Kuwait and Saudi Arabia during last six
years. The increase in price of exported mango have
beenrecorded relatively more in the UAE, the UK, and
the Netherlands while it was not increased substantially
in Kuwait and Saudi Arabia. The lower prices
arereceived in Bangladesh.These results are in line with
findings of Bhosale et al. (2016).

India’s export was spread to around 54 different
countries in the world over a last decade. The area under
mango cultivation has been increased from 21.54 lakh
hectares in 2006-07 to 22.00 lakh hectares in 2015-16
with a compound growth rate of 0.47 per cent per annum.
The production has increased from 137.34 lakh metric
tons in 2006-07 to 195.17 lakh metric tons with a
compound grow rate of 4.70 per cent per annum and
productivity increased 6.38 to 8.87 tons per hectare.
While, quantity of fresh mango exported from India has
been extremely decreased from 79060.8 metric tons to
36329 metric tons which is slightly lower than half of
(45.95%) total quantity export over 2006-07 with a
decline of compound growth rate of  7. 56 per cent per
annum. The share of export out of the total quantity of
mango production is very less; this is ranging from only
0.19 percent to 0.66 percent, though India is the top
runner in production and significant area devoted under
mango cultivation. In spite of these, quantity of fresh
mango exported by India is not satisfactory to total fresh
mango exported that was less than one per cent during
the period of study. These  results lines are converse to
the findings of Kusama and Basavaraja (2014) where

the study found that the quantity of mangoes exported
from India was increasing from 44429.32 metric tons to
59220.77 metric tons with a compound growth rate of
5.65 per cent per annum and share of export ranged
between 0.30 to 0.70 per cent of total production.

The major export destinations (importing countries)
of Indian mangoes were the UAE, Bangladesh, the
Netherlands, the UK, Saudi Arabia, Kuwait and others
have been presented in table 2. Export of mango to other
countries recorded a statistically significant and positive
growth rate of 15.55 (P<0.05) per cent and 21.52
(P<0.01) per cent in terms of quantum and value of
export. A negative growth rate is recorded in quantity of
fresh mangoes export to countries like Bangladesh (-
43.59% per annum), the UK (-8.55% per annum) the
UAE (-7.83% per annum), the Netherlands (-7.80% per
annum) while, a positive compound growth rate were
found in countries like Kuwait and Saudi Arabia, but
not statistically significant. In total value of mango export
revealed that the more than half of (50.08%) total, export
alone to the UAE followed by the UK, Bangladesh, Saudi
Arabia, Kuwait and the Netherlands. The compound
growth rate of export for all countries were found positive
except to country like Bangladesh that was extreme
decline in value of export which was (-38.66% per
annum) and it is highly statistical significant. The
countries like Saudi Arabia (17.22% per annum) and
Kuwait (16.67% per annum), were revealed that highly
positive and statistically significant (P<0.01). The single
finding with respect to value of mango export is not
uniform with findings of Kusama and Basavaraja (2014)
which estimated positive compound growth rate for
Bangladesh.

The trade direction, prediction of trade and stability
of global mango market has been explored by Markov
chain model using both together data of volume and value
of export from the current last decade for (2006-07 to
2015-16). The Transitional Probability Matrix presented
in table 3 provides a broad indication of changes in the
direction of export of fresh mango from India. The major
importing countries in terms of quantity were the UAE,
Bangladesh, the Netherland, the UK, Kuwait, Saudi
Arabia, and all other importing countries were clustered
under the category of the other countries. The row
elements in the transitional probability matrix provide
the information on the extent of loss in trade, because of
competing countries. The columns element indicates the
probability of gains in volume of trade from other
competing countries and the diagonal element indicates
probability of retention of the previous year’s trade
volume by the respective country. It is apparent from
table 3 that Bangladesh was the most stable market
among the major importers of Indian mango as reflected
by the probability of retention at 82.32 per cent followed
by the UAE (63.45%) and the Netherland (14.46%).The
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Table 2: Destination wise growth rates in export of fresh mangoes from India (2006-07 to 2015-16)
Destinations Growth rate Share in total Share in total

 per annum (%) quantity export value export
Quantity Value Quantity (% ) Value (% )

U.A.E -7.83NS 7.98NS 38.33 50.08
UK -8.55NS 5.52NS 4.02 9.60
Saudi Arabia 4.58NS 17.22* 2.95 4.55
Bangladesh -43.59* -38.66* 33.78 9.41
Netherlands -7.80NS 5.33NS 7.72 2.75
Kuwait 7.17NS 16.67* 2.02 3.12
Others 15.55** 21.52* 13.20 23.24

Total -7.56* 10.81* 100.00 100.00
Note: Figures in parentheses indicate exports share in per cent.* denotes significantat 1% (P<0.01) level of probability,
** denotes significant at 5% (P<0.05) level of probability

Table 3: Transitional probability matrix for quantity of fresh mangoes export from India (2006-07 to 2015-16)

 U.A.E U.K Saudi Arabia Bangladesh Netherlands Others

U.A.E 0.6345 0.1201 0.0258 0.0019 0.0215 0.1963
U.K 0.0000 0.0000 0.3059 0.0000 0.0000 0.6941
Saudi Arabia 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Bangladesh 0.1226 0.0083 0.0120 0.8232 0.0339 0.0000
Netherlands 0.8554 0.0000 0.0000 0.0000 0.1446 0.0000
Others 0.4932 0.0000 0.0463 0.0000 0.2935 0.1671

Table 4: Transitional probability Matrix for value of fresh mangoes export from India (2006-07 to 2015-16)

 U.A.E U.K. Saudi Arabia Bangladesh Kuwait Others

U.A.E 0.74570 0.00484 0.06273 0.00000 0.03438 0.15234
U.K. 0.00000 0.00000 0.00000 0.61285 0.00000 0.38715
Saudi Arabia 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Bangladesh 0.19559 0.40902 0.02693 0.36166 0.00680 0.00000
Kuwait 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000
Others 0.61061 0.04862 0.05918 0.00000 0.04908 0.23250

most unstable markets among the importing countries
were the UK and Saudi Arabia with the zero per cent
retention.

Transitional Probability Matrix in terms of value
export from the table  4 revealed that the UAE was most
stable market as reflected by the probability of retention
at 75 per cent followed by Bangladesh (36.20%). The
most unstable markets among the value of fresh mango
exporting countries were the UK, Saudi Arabia, and
Kuwait with the zero per cent retention. The market share
projections of Indian fresh mango exports to major
importing countries like Bangladesh were computed up
to 2019-2020 using the transitional probability matrix.
Table 5 presents the actual and predicted quantity of
Indian mango exports to major importers from 2006-07
to 2015-16 and projections up to 2015-16. The actual
share of Bangladesh had shown a fluctuation. Overall, it

had increased from 2.38 to 4.12 per cent. Parallel picture
was obtained in prediction of export share too, where
the increases was ranging from 2.01 per cent to 3.50 per
cent.

The prediction for 2015-16 to 2019-20 suggested a
decrease from 1093.25 tons to 710.54 tons (Table 5).
With regard to actual share of the U.A.E in fresh mango,
export had shown fluctuation over the study period
(2006-07 to 2015-16) taken as a whole, it had increased
from 27.88 to 54.98 per cent. Similar representation was
in prediction of export share too, where the increase was
from 31.39 per cent to 68.43 per cent. The estimation of
fresh mango export from India in terms of quantity for
the period of 2015-16 to 2019-20 suggested an increase
from 20960.85 to 21347.29 tons.  The actual quantity of
fresh mango of the Netherlands market share showed an
increasing trend from 1.67 per cent to 3.38 per cent and

Production, export dynamics and future prospects of mango
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Production, export dynamics and future prospects of mango
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the predicted quantity of export share has increased from
2305.66 tons in 2016-17 to 2997.71 tons (1.99 to 6.03%).

The actual protuberance of the UK market shares of
imports from India showed a decreasing trend from 54.25
per cent to 0.13 per cent. The predicted export share
increased from 3.37 per cent to 6.63 per cent during the
study and the estimation for 2019-20 suggested a
decrease from 2995.27 tons in 2016-17 to 2556.36 tons.
The actual projection of Saudi Arabia market shares of
imports from India showed an increasing trend from
10.19 per cent to 22.77 per cent while, predicted export
share declined greater quantity from 17.51 per cent to
2.16 per cent. The estimation for 2019-20 suggested a
slight increase from 1615.52 tons in 2016-17 to 1643.52
tons. The actual and predicted proportion of exports to
other countries showed an increasing trend i.e., increased
from 3.62 per cent to 14.15 per cent. The prediction
export share showed a decreasing trend from 43.73 per
cent to 13.25 per cent. The estimation for 2019-20
suggested a decrease from 7357.53 to 7072.67 tons.

From the table 6 presents the actual and predicted
value export to major global markets. The actual
proportion of the UAE market share of value imports
from India showed an increasing trend from 46.36 to
60.55 per cent. The predicted export share also increased
from 70.32 to 58.38 per cent, which suggested a decrease
from 20135.35 lakhs in 2016-17 to 20348.54 lakhs
during last decade (2006-07 to 2015-16). The actual
proportion of Bangladesh market share of value imports
from India showed a decreasing trend from 28.14 to 0.02
per cent. The predicted export share also increased from
6.00 to 8.11 per cent during the study and the estimation
for 2019-20 suggested a decrease from 2048.27 lakhs
in 2016-17 to 1782 lakhs.

The actual proportion of the UK market share of
value imports from India shows increasing trend from
8.04 to 10.11 per cent. The predicted export value share
also increased from 4.98 to 7.52 per cent. The estimation
for the year 2019-20 suggested a decrease from 2009.79
lakhs in 2016-17 to 1967.15 lakhs. There was an
increasing trend from 2.98 to 5.28 per cent of actual
proportion of Saudi Arabia market share of value
imports. The predicted export value share increased from
3.67 to 5.12per cent. As per estimation of 2019-20, it
suggested an increase from 1538.65 lakhs in 2016-17 to
1621.39 lakhs. From the Kuwait market, the actual
proportion share of value imports from India shows
increasing trend, which was measured 2.98 to 4.09 per
cent. The predicted export value share also increased
from 2.13 to 3.10 per cent. The 2019-20 estimation
suggested that there was an increase from 924.23 lakhs
in 2016-17 to 959.27 lakhs. The actual and predicted
proportion of exports share of India’s mango exports to
all over the world showed an increasing trend i.e., from
11.50 to 19.94 per cent. The prediction export share also

showed an increasing trend from 12.85 to 17.77 per cent.
The annual estimation of 2019-20 suggested slight
decrease from 5053.83 to 5031.76 lakhs.

The study found that the total area under mango
cultivation of the country has increased with relatively
slow and positive significant growth rate for the periods
2006-07 to 2015-16. Although India is the largest
producer of mango in the world but the share of export
isvery less out of the total quantity of mango produced.
It ranges 0.19 to 0.66 per cent during the period 2006-
07 to 2015-16. The six major Indian mango export
destinations (importing countries) were the UAE
(38.33%), Bangladesh (33.78%), the Netherlands
(7.72%), the UK (4.02%), Saudi Arabia (2.92%) and
Kuwait (2.02%). Bangladesh is one of the most stable
favorite export destination or market since it has retained
its original share of 82.32 percentover the period (2006-
07 to 2015-16). The UAE is a second most stable market
as it is able toretain their probability of retention at 63.45
percent. The increase in the price of exported mangos is
relatively more in the UAE, the UK, and the Netherlands
while it has not up to the mark in Kuwait and Saudi
Arabia. The Markov-Chain Analysis for mango indicates
high dependence on a few export markets viz., Middle-
east countries (U.A.E, Saudi Arabia, Kuwait) which
would increase the trade risk in the long run. Therefore,
India should pay more attention to adoption of favourable
export promotion strategies need to evolve to diversify
the trade area to other countries and to find new markets
besides expanding the existing market in major importing
countries.
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