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Crop productivity is the capacity of an area to pro-
duce crops; a manifestation of complex interaction of
various factors of production that together determine
the existing condition of the farm environment. With-
out proper idea of the present productivity level, effec-
tive measures for further improvement cannot be
initiated. Geographers and agricultural economists
have long been engrossed in measuring agricultural
productivity. Here I discuss a new method of measur-
ing crop productivity, i.e. determining crop productiv-
ity level of an area with respect to the maximum
achievable productivity limit under existing conditions
of the farm environment. The method also measures
the productivity deficiency level of various crops
which makes the selection of liable crops much more
sound and logical, and is helpful to formulate both the
overall and crop-specific developmental strategies.
Standard classes of crop productivity, yield achieve-
ment, yield deficit and crop liability levels have been
prepared separately based on their index values.

Keywords: Crop productivity and liability, develop-
mental strategies, farm environment, yield achievement
and deficit.

MAJORITY of the people in the underdeveloped and de-
veloping countries live in rural areas and earn their live-
lihood through agriculture. So any small change in the
agricultural sector would affect the economy of these
countries. Though it has been found that in many cases,
agriculture does not contribute much to the economic
growth of a country because of low productivity and low
contribution to GDP compared to other sectors of econ-
omy, many economists, agricultural geographers and
policy makers have long argued for increasing crop pro-
ductivity in a sustainable manner'. Increased crop pro-
ductivity would not only be beneficial to the farmers, but
also would strengthen the economy of the nation.

Crop productivity of any region may be seen as the
overall capacity of the present farming system. It is the
manifestation of complex inter-play of various factors of
the farm environment'”. Physical factors (such as cli-
mate, soil, etc.) and human-induced factors (viz. level of
farm mechanization and use of various inputs like skill
and knowledge of the farmers, institutional assistance,

*e-mail: bsoham99@gmail.com

CURRENT SCIENCE, VOL. 112, NO. 2, 25 JANUARY 2017

etc.), as well as market factors like demand and crop
selection, together constitute the farm environment of any
region' . Crop productivity reflects the overall perform-
ance of an area in terms of crop production, which is the
blending effect of all the factors of the farm environ-
ment*’. It is difficult to determine the influence of any
one factor on crop productivity; but some factors play a
dominant role over others which remain passive. Crop
productivity is also highly variable; some crops have low
productivity by inheritance, but still may be largely culti-
vated by the farmers because of market demand or spe-
cific food habit of the inhabitants, or specific and unique
prerequisite physical conditions for the crop. Internal fac-
tors may also govern the productivity. For example, some
crops are more resistant to pests while some are vulnerable.
Some crops require specific climate or soil condition (e.g.
cotton requires regur soil, high humidity adds flavour to
coffee, tea, etc.) that cannot be created artificially.
Traditional farming is not adequate to meet the needs
of growing population and it has become necessary to
raise the productivity level. Crop productivity has been
increased through additional application of inputs and
improved technologies and machinery all over the world.
However, there exists a certain limit beyond which pro-
ductivity cannot be increased. It is the complex interplay
of these factors that influences productivity differences in
various parts. Agriculture is becoming more mechanized
and technology-based. This has increased productivity,
but has interfered with nature and has been slowly but
continuously deteriorating the agro-ecosystem. It was
necessary to increase crop productivity in the agricultural
societies of under-developed and developing countries to
feed the huge population, and not for commercial pur-
poses. Besides achieving food security it brings higher
income, employment opportunity and savings, and en-
sures a better standard of living. It is also beneficial for
any region and country through export of surplus prod-
ucts, development of agri-allied sector; it also checks the
inflation. Thus, higher agricultural productivity strength-
ens the existing agro-economic structure and brings over-
all socio-economic development of the concerned area.
Thus it is essential to measure the agricultural productiv-
ity of an area, as it gives a clear picture of the overall
achievement of the area in terms of crop production.
Agricultural geographers and economists have devised
various methods to measure agricultural productivity all
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over the world'”. It is the objective of the present study
to devise a new measure of crop productivity. It estimates
the present status of crop productivity of an area in regard
to achievable maximum productivity under current condi-
tion of the farm environment. The method also provides a
useful tool to estimate yield deficiency (i.e. deviation
from achieving maximum production) of each crop grown
in an area and its degree of liability. This method has been
illustrated for Murshidabad district, West Bengal, India.

Crop productivity measurement

Agricultural productivity as mentioned earlier, is a tangle
concept. It can be treated as the capacity of the farming
system to produce crops at varied levels. It is the manifes-
tation of complex interplay of various components of the
farm environment which incorporates both the environ-
mental and human-related factors of crop production'°.
Every crop has a different yield rate and shares different
amounts of cropland and therefore makes a definite con-
tribution to overall productivity of any region. These two
actually reflect the combined effect of all concerned
physical and human factors of production.

In this study, composite crop productivity has been
considered as the combined effect of all the factors of
production which exist in the region. This method is only
aimed at estimating the crop productivity level. Variation
in crop productivity does not give any information about
the degree of influence of specific factors; rather this
would require more detailed study regarding the inputs,
technologies, soil, climate, etc. at sub-regional level. In
order to measure crop productivity, an index of hectare-
yield (kg/ha) of various crops grown in the sub-area unit
has been pre-meditated by dividing the hectare-yield of
various crops by maximum hectare-yield of the respective
crops in the entire region. This simple ratio provides the
index of yield achievement of each crop in the sub-area
units. In this method, the highest hectare-yield of a crop
throughout all the sub-area units of the region has been
considered as the maximum achievable yield limit of
each crop. Thus, the ratio of actual hectare-yield of each
crop to its maximum hectare-yield reflects the yield
achievement (efficiency) level with respect to the highest
hectare-yield of each crop in the region. This may be
expressed as

I

Y av.a =Ya/Ya.max’ (1)
where Iy .y, 1S the yield achievement index of crop a in a
sub-area unit, Y, the hectare-yield of crop a in the sub-
area unit and Y, ., is the highest hectare yield of crop a
in the entire region.

As this is a simple ratio, the maximum value of yield
achievement index (Iy .,) would be equal to 1, where the
actual hectare-yield of a crop in a sub-area unit is equal to
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the highest hectare-yield of the respective crop in the
entire region. On the other hand, theoretically, the yield
achievement index may attain the minimum value of 0.
Thus this index ranges between 0 and 1 (0 < Iy, < 1).

Then, weighted yield indices of various crops have
been calculated by multiplying the yield achievement
index with the ratio of cropland under a particular crop
and the total cropland under all the selected crops in a
sub-area unit. Cross-section area (a simple ratio of crop-
land under specific crop to total cropland) was used to
give weightage. Then all the weighted yield achievement
indices were added to obtain the composite crop producti-
vity index (CCPI) of a sub-area unit. Thus, the weighted
yield achievement index indicates the contribution of
various crops to CCPI. This is expressed as

C
[WYav.a =IYaV.aXFa’ (2)

where Iwy av. 1S the weighted yield achievement index of
crop a in a sub-area unit, /y .., the yield achievement in-
dex of crop a in a sub-areal unit, C, is the area under crop
a in the sub-area unit and C is the total cropland
under all the selected crops in a sub-area unit.

CCPI =[WYaV.a +[WY av.h +[WYav.c +"'+[WYav.n

C c, C C
=[Yav.a ><Fa_‘_[\(av.b ><F_‘_[Yav.c ><Fc_‘_“'_‘_l\(av.n XFn
1
=E([Yav.a XCa +[Yav.b ><Cb +[Yav.c
XCo+.tly g, XC,). (3)

Now, different types of crops may be grown in a region.
Some crops may be of long duration and some of short
duration. Long-duration crops may be grown fewer times,
whereas short-duration crops may be grown multiple
times in an agricultural year. If the environmental condi-
tions, inputs and farming techniques remain the same, a
particular crop grown in a definite area is expected to
yield the same production each time. This only contri-
butes to the gross cropped area and gross production in a
region, but would not affect the yield or productivity.
This is because yield or productivity implies production
per unit of land cultivated. Hence it is assumed that the
crop duration has no influence over the productivity of a
region. Here a simple ratio of gross crop area under a
specific crop (irrespective of duration) and total cropland
was used to give weightage in the estimation of crop pro-
ductivity. If a short-duration crop is grown multiple
times, then it would affect the productivity according to
the changed weightage value. If the crop is cultivated
fewer times (short- or long-duration crop), the weights
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would be in accordance. Thus, the method includes both
the long- and short-duration crops at the same time.
Whatever be the frequency of cultivation, the production
and area under specific crop are incorporated in the esti-
mation as weightage to the yield.

CCPI may attain the maximum value of 1, where the
actual hectare-yield of various crops in a sub-area unit is
equal to the highest hectare-yield of the respective crops
in the entire region. Hence, the yield achievement index
attains the maximum value of 1 and CCPI of the sub-area
unit thus becomes

1
CCPI =_([Yav.a XCa +IY8V.[) XCb
C

+1

Y av.c

xC,+..+1 xC,)

Y av.n
1
=;(l XC,+1xCy+1xC,+...+1xC,)

[

Y av.a

=Y,/Y,

a.max

=Y, /Y, =1].

or I a.max a.max

Y av.a

1
=Z(C” +C,+C, +..+C)

1
=~ xC[(C,+Cy+C,+..+C,)=C]=1.
C

Theoretically, CCPI may attain the minimum value of 0,
but practically it would always be greater than zero,
unless there is total crop failure due to some unprece-
dented causes like inundation, invasion of sea water, etc.
However, hectare-yield of various crops below half of the
maximum hectare-yield indicates very low crop produc-
tivity and very poor agricultural scenario in a region,
although low productivity may be due to regional varia-
tion in soil fertility or agro-ecosystem. This technique
only estimates the productivity level in a region, but the
attributes of low productivity are subject to in-depth
study, which may be carried out separately based on the
findings of the present study. Hence, taking hectare-yield
of each crop of a sub-area unit to be half of the maximum
hectare-yield of the respective crop, we get

Yav.a x Ca +IY8V.[) x Cb

cepr =L
C

o XCoto+ 1 xC,)

Yav.c Yav.n

M Yo,
c\Y

a.max

><Cb
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In this method, CCPI value of 0.5 has been taken as the
limit below which agricultural productivity is considered
very poor and above which the productivity varies
between moderate low to very high up to the value of 1.
Productivity index value ranging between 0.5 and 1 has
been divided into five distinct categories of equal inter-
val. For a region where all the crops (or majority of them)
have almost equal yield rates with respect to the maxi-
mum rate of yield of the respective crops in the entire
region, the composite productivity would be very high.
Thus, a region where all the crops have more than 80%
yield rate relative to their respective maximum yield rate
should be considered as high or very high crop productiv-
ity region ranging between 0.8 and 1. Therefore, index
values between 0.8 and 0.9 as well as 0.9 and 1, are con-
sidered as high and very high crop productivity classes
(or regions) respectively. Composite index values bet-
ween 0.5 and 0.8 have been considered to indicate me-
dium level of performance in terms of productivity in the
region and yield rate of crops in such regions would be
50-80% of maximum yield rate of the respective crops in
the entire region. This range has been grouped into three
productivity classes, viz. moderate low (0.50-0.60)—
marginally better productivity than poor category; mod-
erate (0.60-0.70) — absolute medium productivity level
where yield of all crops (or majority) is 60—70% of
maximum yield; and moderate high category (0.70-0.80).

The range of classes has been assigned (Table 1) based
on a simple hypothetical assumption that all the crops in

Table 1. Standardized classes of composite crop

productivity index (CCPI)

Crop productivity class CCPI value
Very poor <0.25
Poor 0.25-0.50
Moderate low 0.50-0.60
Moderate 0.60-0.70
Moderate high 0.70-0.80
High 0.80-0.90
Very high 0.90-1.00
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a region have equal of yield rates in their own category;
but this may not be time in reality. However, it would not
affect the productivity ranges, because in this method,
combined yield rates of all the crops have been consid-
ered while evaluating productivity indices, where low
yield of some crops may be compensated by those with
high yield rates. Therefore, it would give almost accurate
information of the overall productivity level of any region.

In this method, the contribution of various crops to the
overall productivity of a sub-area unit does not solely de-
pend on their share of cropland; rather it is the combined
effect of yield achievement index and ratio of area under
various crops (i.e. product of these two). Thus it leads to
better identification of major crops on the basis of
weighted yield achievement indices, e.g. in a sub-area
unit X, the hectare-yield of crops @ and b is 1000 and
1760 kg/ha respectively; whereas the highest hectare-
yield of crops @ and b in the entire region (R) is 2000 and
2200 kg/ha respectively. Crop a is cultivated in 50 ha and
crop b has a cropland of 40 ha, and the total cropland
under all the selected crops in unit X is 150 ha. Now,
applying the above method we get:

Yield achievement index of crop a, Iy av.q
=1000/2000, i.e. 0.50.

Weighted yield achievement index of crop a, lwyava =
0.50 x 50/150 = 0.167; it is the contribution of crop a to
the total productivity of X.

Similarly, yield achievement index of crop b, Iy .y, =
1760/2200, i.e. 0.80.

Weighted yield achievement index of crop b, Iwyavs =
0.80 x 40/150 = 0.213.

Thus it is clear from the above that crop b contributes
more to the overall productivity of X, though it shares
less cropland than that of crop a. This is because crop b
has higher yield achievement level compared to crop a.
Thus, on the basis of simple yield achievement index, it
appears to be much easier to determine the yield level and
contribution of individual crops to total productivity. In
this study, standard classes of these two indices have
been assigned for this purpose.

Yield achievement categories (Table 2) were assigned
based on index values, i.e. ratio of yield of a crop to its

Table 2. Standardized classes of yield achievement

index

Degree of yield achievement Index value

Very poor <0.50

Poor/low 0.50-0.60
Moderate 0.60-0.70
Moderate high 0.70-0.80
High 0.80-0.90
Very high 0.90-1.00

314

highest yield rate in the entire region. Thus, a crop with
less than 50% yield rate of its highest yield has been con-
sidered as one with very poor yield. The yield index val-
ue ranging between 0.50 and 1, has been grouped into
five categories with equal intervals, where yield achieve-
ment level increases with ascending index value, i.e.
towards achieving maximum yield with respect to the
highest yield of the respective crop.

Weighted crop yield index represents the contribution
of each crop to the composite productivity of a region.
Various classes (i.e. level of contribution, Table 3) have
been assigned by taking 0.5 as a limit, above which the
level of contribution of a crop to the productivity of a
region is considered as very high, i.e. a crop contributes
more than half of the composite productivity of the
region. Index values ranging between 0.25 and 0.50 indi-
cate high contribution of the crop under consideration. In
both cases, these are dominant crops with a large share of
cropland or with remarkable high yield rate or both.
Below the index value of 0.25 up to 0, there are five
different categories with regard to level of contribution.
The level of contribution gradually declines with decreas-
ing index value. Crop with index value below 0.1 shows
low and very low level of contribution to the overall pro-
ductivity of a region. Such crops are either cultivated in
less area or have very low yield rates. Weighted yield
index value ranging between 0.25 and 0.10 has been
grouped into three categories of moderate level of contri-
bution, viz. moderate high, moderate and moderate low.

Identification of liable crops

The above crop productivity measure also offers provi-
sion to estimate deficiency in output per hectare of crop-
land of various crops, which is complementary to their
yield achievement level. It is expressed as

[YDa = (Ya.max - Ya)/Ya.maxa
=1- (Ya/Ya.max)
=1- IY av.a (4)

where Y, is the hectare-yield of crop a in the sub-area
unit, Y, ... the highest hectare-yield of crop « in the entire

Table 3. Standardized classes of weighted yield

achievement index

Level of contribution Index value

Very high >0.50

High 0.25-0.50
Moderate high 0.20-0.25
Moderate 0.15-0.20
Moderate low 0.10-0.15
Low 0.05-0.10
Very low <0.05
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region and [y .y, is the yield achievement index of crop a
in the sub-area unit.

Thus, the crop with higher yield achievement index
would have low yield deficiency index and vice versa.
Then the weighted yield deficit indices of various crops
have been estimated by multiplying the yield deficit
index with the ratio of cropland under each crop and total
cropland under selected crops of the sub-area unit. This
weighted value helps identify the ‘liable’ crop which
needs more attention to minimize the gap between yield
achievement and maximum achievable limit of the crop.
It is expressed as

C
Weighted yield deficit index (Iwypa) = Iypa X Fa’ (5

where Iyp, is the yield deficit index of crop a, C, the area
under crop « in the sub-area unit and C is the total crop-
land under selected crops in the sub-area unit.

This can be explained with the previous example; just
adding a new crop ¢ which has an yield rate of 900 kg/ha
and shares an area of 30 ha. The maximum hectare-yield
of crop ¢ in the region R is 1500 kg/ha. Now, applying
the above equation, we get

Iyp,=1-0.50=0.50,

Iwypa = Iypa X Co/C=0.50 x 50/150 = 0.167.
Similarly, Iyp, =1 —0.80 = 0.20,

Twyps = Iypy x Co/C=10.20 x 40/150 = 0.053.
Also,

Iyp. = (1 —900/1500) = 1 — 0.60 = 0.40,

Iwype = Iype x C./C = 0.40 x 30/150 = 0.08.
Thus, it is clear from the above result that, crop a (0.167)
is the most liable with maximum yield deficit. Crop ¢ fol-
lows with index value of 0.08, though it shares less area

than crop b (lowest liability), but has higher yield defi-
ciency than the latter. Thus it seems to be much easier to

Table 4. Standardized classes of crop liability level

Degree of crop liability Index value

Very severe >0.25

Severe 0.20-0.25
High 0.15-0.20
Moderate high 0.10-0.15
Moderate 0.05-0.10
Low 0.01-0.05
Very low <0.01
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identify the liable crops (i.e. crops with higher yield defi-
ciency) among various crops in any region or sub-region.
Further, it makes selection of target crops easier and
meaningful, as it considers both the yield deficit and
share of cropland. In the present article, liability level of
various crops has been grouped into six distinctive stan-
dardized classes based on the index value of weighted
yield deficiency. Table 4 shows the standard groups of
crop liability levels.

A case study — Murshidabad district, West
Bengal, India

In the present study, the crop productivity of Murshida-
bad district, West Bengal, India has been measured using
the method discussed above. Murshidabad has been
selected arbitrarily, only to illustrate the uses and appli-
cability of the method.

There are 26 blocks in the district and it stretches bet-
ween 24°50'20"-23°43'30"N and 88°46'00"-87°49'17"E.
Murshidabad district is regarded as a ‘crop museum’ and
one of the food granaries of West Bengal, because almost
every type of crop is grown here more or less abundantly.
The district has an agrarian economy, as more than 85%
of the population directly or indirectly depends upon ag-
riculture and agri-allied sector. The district has a net
cropped area of 365,000 ha (64% of the total geographi-
cal area) and a gross cropped area of 892,451 ha; thus
cropping intensity is 244.5%. The district has a diversi-
fied cropping pattern. For the present study, eight major
crops have been selected, with two crops each from four
major crop groups— (i) cereals —rice and wheat; (ii)
pulses — gram and masur; (iii) oilseed — mustard and till
and (iv) cash crops — jute and potato. The present study is
based on secondary data, collected from various State
Government offices for the year 2011-12 (ref. 8). The
yield achievement indices and contribution of various
crops have been found and their spatial distribution
(block level) has been discussed with suitable maps and
charts. Then the composite crop productivity index of the
district has been estimated, followed by a detailed discus-
sion. Finally, the yield deficit indices have been measured
to identify the liable crops at the block-level.

The method has been elaborated for the Berhampore
block (Table 5).

CCPI of Berhampore block is

0.36023 +0.17323 + 0.00249 + 0.00415
+0.09116 + 0.01336 + 0.23555 + 0.00051
=0.88151 =0.882.

The contribution of rice to total productivity is 0.36023
for the Berhampore block. Similarly, the contribution of
various crops has been measured (Table 6), followed by a
detailed discussion.
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Table 5. Composite crop productivity index of Berhampore block, Murshidabad district, West Bengal
Weighted yield Weighted yield
Yield achievement achievement index Yield deficit deficit index Maximum
Yield rate Area under index (Iy av) (IWY av)[column 4 x index (/yp) (IwyD)[cotumn 6 x yield
Crop (kg/ha) crop (‘000 ha) (column 2/column 8) column 3/49.615] (1 - column 4) column 3/49.615] (kg/ha)
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8
Rice 3069 19.470 0.918 0.36023 0.082 0.03218 3344
Wheat 3296 8.602 0.999 0.17323 0.001 0.00017 3299
Masur 405 0.346 0.362 0.00249 0.638 0.00440 1120
Gram 904 0.305 0.669 0.00415 0.331 0.00205 1350
Mustard 929 6.582 0.687 0.09116 0.313 0.04154 1353
Til 1107 0.696 0.954 0.01336 0.046 0.00064 1160
Jute 13.58* 13.559 0.862 0.23558 0.138 0.03772 13.75
Potato 29,790 0.055 0.739 0.00081 0.261 0.00021 40,315
Total 49.615
Source: Ref. 8. *Yield of jute in bales/ha.
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Figure 1. Spatial distribution (block level) of weighted yield index of ~ Figure 2. Spatial distribution (block level) of weighted yield index of

rice, Murshidabad district, 2011-12; Source: Table 6.

Spatial distribution of crop-wise yield achievement,
contribution to CCPI and deficit level

Crop-specific block-wise yield achievement index,
yield deficit index and weighted yield achievement
index have been calculated using the CCPI formula
(Table 6), followed by discussion (Figures 1-5;
figures for crops like gram, til and potato have not been
given, because they do not show much regional varia-
tion).
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wheat in Murshidabad district, 2011-12; Source: Table 6.

Regional variation of crop productivity

CCPI was estimated for each of the sub-area units (here
blocks, Table 7) using the method explained earlier. The
obtained index values of all the blocks were then grouped
into three distinct categories following the standard
classes of CCPI mentioned earlier in the text. These three
categories formed on the basis of CCPI values represent
three distinct degrees of crop productivity, viz. very high,
high and moderate high.
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Table 6. Yield achievement, weighted yield achievement (contribution level to CCPI), yield deficit, weighted yield deficit indices of eight
selected crops in Murshidabad district, 2011-12
Rice Wheat
WYAI WYDI WYAI WYDI
(contribution (liability index and (contribution (liability index and
Block YAI level to CCPI) YDI liability level) YAI level to CCPI) YDI liability level)
Berhampore 0.91800 H (0.36022) 0.08200 0.03218 (L) 0.99900 M (0.17323) 0.00100 0.00017 (VL)
Beldanga-I 0.97500 H (0.35801) 0.02500 0.00918 (VL)  0.74600 L (0.09607) 0.25200 0.03235 (L)
Beldanga-I1 0.88800 H (0.39968) 0.11200 0.05042 (M) 0.96400 M (0.17593) 0.03600 0.00657 (VL)
Nowda 0.93500 MH (0.22829) 0.06500 0.01484 (L) 0.94400 MH (0.22829) 0.05600 0.00966 (VL)
Hariharpara 0.75700 MH (0.21471)  0.24900 0.07117 (M) 0.71900 ML (0.14198) 0.28100 0.05544 (M)
Lalgola 0.85900 M (0.16479) 0.14100 0.00421 (VL)  0.74000 M (0.17032) 0.26000 0.00443 (VL)
Bhagobangola-I 0.76500 M (0.16947) 0.23500 0.05208 (M) 0.92300 ML (0.11012) 0.07700 0.00919 (VL)
Bhagobangola-II ~ 0.89900 H (0.29829) 0.10100 0.03351 (L) 0.85300 ML (0.12101) 0.14700 0.02086 (L)
Mur-Jiaganj 1.00000 H (0.38872) 0.00000 0.00000 (VL)  0.85300 ML (0.12025) 0.14700 0.02073 (L)
Nabagram 0.83300 VH (0.68574)  0.16700 0.13745 (MH)  0.69500 L (0.05273) 0.30500 0.02314 (L)
Domkal 0.82100 M (0.19456) 0.17900 0.04243 (L) 0.73600 M (0.16308) 0.26400 0.05847 (M)
Jalangi 0.78900 MH (0.21066) 0.21100 0.05630 (M) 0.85400 M (0.19269) 0.14600 0.03294 (L)
Raninagar-I 0.86300 M (0.18356) 0.13700 0.02915 (L) 0.89500 M (0.17799) 0.10500 0.02088 (L)
Raninagar-I1 0.88300 M (0.19939) 0.11700 0.02643 (L) 0.84900 MH (0.20236) 0.15100 0.03600 (L)
Kandi 0.71900 VH (0.57426)  0.28100 0.22427 (S) 0.71500 VL (0.02741) 0.28500 0.01092 (L)
Khargram 0.74900 VH (0.66248)  0.25100 0.21687 (S) 0.80100 L (0.05186) 0.19900 0.01288 (L)
Burwan 0.84900 VH (0.70437)  0.15100 0.12528 (MH)  0.76400 VL (0.01263) 0.23600 0.00389 (VL)
Bharatpur-I 0.81400 VH (0.71554)  0.18600 0.16350 (H) 0.67200 VL (0.01064) 0.32800 0.00519 (VL)
Bharatpur-II 0.81200 VH (0.74149)  0.18800 0.17169 (H) 0.60900 VL (0.00036) 0.39100 0.00023 (VL)
Farakka 0.57100 MH (0.23947)  0.42900 0.17986 (H) 0.87500 L (0.07641) 0.12500 0.01092 (VL)
Suti-1 0.64500 H (0.28498) 0.35500 0.15684 (H) 0.77200 L (0.07992) 0.22800 0.02359 (L)
Suti-II 0.44300 L (0.07528) 0.55700 0.09468 (M) 1.00000 L (0.05345) 0.00000 0.00000 (VL)
Raghunathganj-I ~ 0.72000 VH (0.52067)  0.28000 0.20237 (S) 0.75000 L (0.05721) 0.25000 0.01907 (L)
Raghunathganj-II  0.72000 L (0.07834) 0.28000 0.03045 (L) 0.75000 M (0.15714) 0.25000 0.05391 (M)
Samsherganj 0.50700 L (0.05781) 0.49300 0.05623 (M) 0.75000 M (0.16314) 0.25000 0.05437 (M)
Sagardighi 0.74500 VH (0.57497)  0.24600 0.18769 (H) 0.74900 VL (0.04517) 0.26000 0.01587 (L)
Masur Gram
Berhampore 0.36200 VL (0.00249)  0.63800 0.00440 (VL)  0.66900 VL (0.00415) 0.33100 0.00205 (VL)
Beldanga-I 0.53800 VL (0.00253)  0.46200 0.00217 (VL)  0.60100 VL (0.00117) 0.39900 0.00078 (VL)
Beldanga-I1 0.29600 VL (0.00095)  0.70400 0.00226 (VL)  0.63200 VL (0.00143) 0.36800 0.00084 (VL)
Nowda 0.43700 VL (0.01520)  0.56300 0.01960 (L) 0.59800 VL (0.01853) 0.40200 0.01246 (L)
Hariharpara 0.60100 VL (0.01796)  0.39900 0.01193 (L) 0.59700 VL (0.00516) 0.40300 0.00348 (VL)
Lalgola 0.43600 VL (0.00239)  0.56400 0.00309 (VL)  0.74500 VL (0.00268) 0.25500 0.00092 (VL)
Bhagobangola-I 0.36700 VL (0.00375)  0.63300 0.00646 (VL)  0.63200 VL (0.00750) 0.36800 0.00437 (VL)
Bhagobangola-II  0.43600 VL (0.00315)  0.56400 0.00407 (VL)  0.74500 VL (0.00603) 0.25500 0.00206 (VL)
Mur-Jiaganj 0.43800 VL (0.00596)  0.56200 0.00769 (VL)  0.74500 VL (0.00777) 0.25500 0.00266 (VL)
Nabagram 0.68800 VL (0.00026)  0.31200 0.00012 (VL)  0.79300 VL (0.00228) 0.20700 0.00059 (VL)
Domkal 0.90300 VL (0.02819)  0.09700 0.00303 (VL) NA NA NA NA
Jalangi 0.91100 VL (0.03499)  0.08900 0.00342 (VL)  0.74100 VL (0.00378) 0.25900 0.00132 (VL)
Raninagar-I 0.88100 VL (0.03013)  0.11900 0.00407 (VL)  0.74700 VL (0.00513) 0.25300 0.00174 (VL)
Raninagar-I1 0.92600 VL (0.06719)  0.07400 0.00537 (VL)  0.74100 VL (0.00856) 0.25900 0.00299 (VL)
Kandi 1.00000 VL (0.00579)  0.00000 0.00000 (VL) 1.00000 VL (0.00579) 0.00000 0.00000 (VL)
Khargram 0.35500 VL (0.00007)  0.64500 0.00014 (VL)  0.92700 VL (0.00123) 0.07300 0.00009 (VL)
Burwan 0.85000 VL (0.00305)  0.15000 0.00054 (VL)  0.88700 VL (0.00132) 0.11300 0.00017 (VL)
Bharatpur-I 0.67400 VL (0.00613)  0.32600 0.00296 (VL)  0.64600 VL (0.00355) 0.35400 0.00194 (VL)
Bharatpur-II 0.59800 VL (0.00292)  0.40200 0.00197 (VL)  0.88400 VL (0.00156) 0.11600 0.00020 (VL)
Farakka 0.95700 L (0.05924) 0.04300 0.00266 (VL)  0.70100 VL (0.04169) 0.29900 0.01777 (L)
Suti-1 0.81200 ML (0.11396)  0.18800 0.02639 (L) 0.70100 VL (0.00015) 0.29900 0.00006 (VL)
Suti-II 0.81900 VL (0.04240)  0.18100 0.00937 (VL)  0.70100 VL (0.02461) 0.29900 0.01049 (L)
Raghunathganj-I ~ 0.81900 VL (0.01699)  0.18100 0.00376 (VL)  0.70100 VL (0.00772) 0.29900 0.00329 (VL)
Raghunathganj-II  0.81900 L (0.00389) 0.18100 0.00086 (VL)  0.70100 VL (0.00507) 0.29900 0.00216 (VL)
Samsherganj 0.81900 VL (0.01976)  0.18100 0.00437 (VL)  0.70100 VL (0.00247) 0.29900 0.00106 (VL)
Sagardighi 0.50400 VL (0.00411)  0.49600 0.00405 (VL)  0.71300 VL (0.00188) 0.28700 0.00075 (VL)
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Table 6. (Contd)

Mustard Til
WYAI WYDI WYAI WYDI

(contribution (liability index and (contribution (liability index and
Block YAI level to CCPI) YDI liability level) YAI level to CCPI) YDI liability level)
Berhampore 0.68700 L (0.09116) 0.01300 0.04154 (L) 0.95400 VL (0.01336) 0.04600 0.00064 (VL)
Beldanga-I 0.58600 ML (0.12845)  0.41400 0.09073 (M) 0.82700 VL (0.01856) 0.17300 0.00388 (VL)
Beldanga-I1 0.69000 L (0.07361) 0.31000 0.03306 (L) 0.68300 VL (0.00475) 0.31700 0.00220 (VL)
Nowda 0.82900 L (0.08842) 0.17100 0.01823 (L) 0.88200 VL (0.01863) 0.11800 0.00249 (VL)
Hariharpara 0.81500 L (0.09283) 0.18500 0.02107 (L) 0.97100 VL (0.03341) 0.02900 0.00099 (VL)
Lalgola 0.80700 M (0.16309) 0.19300 0.03899 (L) 0.86100 VL (0.00821) 0.13900 0.00132 (VL)
Bhagobangola-I 0.84000 VL (0.00750)  0.16000 0.03298 (L) 0.93400 L (0.05724) 0.06600 0.00405 (VL)
Bhagobangola-II ~ 0.80700 M (0.15091) 0.19300 0.03609 (L) 0.86100 VL (0.01427) 0.13900 0.00230 (VL)
Mur-Jiaganj 0.80700 ML (0.10453)  0.19300 0.02499 (L) 0.86100 VL (0.01651) 0.13900 0.00266 (VL)
Nabagram 0.73600 L (0.05297) 0.26400 0.01899 (L) 0.61500 VL (0.00242) 0.38500 0.00152 (VL)
Domkal 0.59800 L (0.05786) 0.40200 0.03904 (L) 0.78400 VL (0.02787) 0.21600 0.00768 (VL)
Jalangi 0.75000 L (0.05314) 0.25000 0.01771 (L) 0.77800 VL (0.02879) 0.22200 0.00821 (VL)
Raninagar-I 0.87400 ML (0.14149)  0.12600 0.02039 (L) 1.00000 VL (0.02203) 0.00000 0.00000 (VL)
Raninagar-II 0.88400 L (0.09951) 0.11600 0.01306 (L) 0.79400 VL (0.04476) 0.20600 0.01161 (L)
Kandi 0.73100 L (0.06161) 0.26900 0.02267 (L) 0.48700 VL (0.00852) 0.52200 0.00929 (VL)
Khargram 0.76900 H (0.03022) 0.23100 0.00908 (VL)  0.49400 VL (0.00272) 0.50600 0.00278 (VL)
Burwan 0.74400 VL (0.02438)  0.25400 0.00839 (VL)  0.65600 VL (0.01047) 0.34400 0.00549 (VL)
Bharatpur-I 0.68100 VL (0.02229)  0.31900 0.01043 (L) 0.57100 VL (0.02214) 0.42900 0.01596 (L)
Bharatpur-II 0.48600 VL (0.01112)  0.51400 0.01177 (L) 0.73800 VL (0.03599) 0.26200 0.01277 (L)
Farakka 0.81000 L (0.09900) 0.19000 0.02322 (L) 0.59600 VL (0.00073) 0.40400 0.00049 (VL)
Suti-1 0.74400 ML (0.10730)  0.25600 0.03691 (L) NA NA NA NA
Suti-II 1.00000 ML (0.10915)  0.00000 0.00000 (VL) NA NA NA NA
Raghunathganj-I ~ 0.63800 L (0.05836) 0.36200 0.03312 (L) 0.59800 VL (0.00051) 0.40200 0.00345 (VL)
Raghunathganj-IT  0.63800 ML (0.11533)  0.36200 0.06546 (M) NA NA NA NA
Samsherganj 0.63800 ML (0.11350)  0.36200 0.064429M) NA NA NA NA
Sagardighi 0.59700 L (0.07807) 0.40300 0.05268 (M) 0.57200 VL (0.00322) 0.42800 0.00241 (VL)

Jute Potato

Berhampore 0.86200 MH (0.23558) 0.13800 0.03772 (L) 0.73900 VL (0.00081) 0.26100 0.00021 (VL)
Beldanga-1 0.89600 MH (0.21703)  0.10400 0.02519 (L) 0.56500 VL (0.00796) 0.43500 0.00613 (VL)
Beldanga-I1 0.67600 M (0.16251) 0.32400 0.07787 (M) 0.74400 VL (0.00594) 0.25600 0.00205 (VL)
Nowda 0.84600 H (0.32363) 0.15400 0.05889 (M) 0.50100 VL (0.00373) 0.49900 0.00371 (VL)
Hariharpara 0.88100 H (0.28623) 0.11900 0.03865 (L) 0.66800 VL (0.00352) 0.33200 0.00175 (VL)
Lalgola 0.91900 H (0.37922) 0.08100 0.03343 (L) 0.62600 VL (0.00268) 0.37400 0.00160 (VL)
Bhagobangola-I 0.91200 H (0.33167) 0.08800 0.03199 (L) 0.53900 VL (0.00322) 0.46100 0.00276 (VL)
Bhagobangola-II ~ 0.91900 H (0.27197) 0.08100 0.02398 (L) 0.63500 VL (0.00722) 0.36500 0.00415 (VL)
Mur-Jiaganj 0.91900 H (0.26704) 0.08100 0.02354 (L) 0.44900 VL (0.00305) 0.55100 0.00375 (VL)
Nabagram 0.98000 VL (0.01570)  0.02000 0.00320 (VL)  0.63500 VL (0.00373) 0.36500 0.00215 (VL)
Domkal 0.85400 H (0.30539) 0.14600 0.05221 (M) 0.57400 VL (0.01450) 0.42600 0.00849 (VL)
Jalangi 0.88100 H (0.29815) 0.11900 0.04029 (L) 0.63100 VL (0.01115) 0.36900 0.00652 (VL)
Raninagar-I 0.91100 H (0.32522) 0.08900 0.03177 (L) 0.45100 VL (0.00242) 0.54900 0.00356 (VL)
Raninagar-I1 0.92200 MH (0.22451)  0.07800 0.01899 (L) 0.62700 VL (0.02453) 0.37300 0.01459 (L)
Kandi 0.97400 VL (0.02821)  0.02600 0.00075 (VL)  0.52400 VL (0.01279) 0.47600 0.01161 (L)
Khargram 0.94300 VL (0.00004)  0.05700 0.000003 (VL) 0.66100 VL (0.00321) 0.33900 0.00164 (VL)
Burwan 0.95100 VL (0.00051)  0.04900 0.00003 (VL)  0.78900 L (0.07859) 0.21100 0.02099 (L)
Bharatpur-I 0.93800 VL (0.00373)  0.06200 0.00025 (VL)  0.68700 VL (0.01143) 0.31300 0.00521 (VL)
Bharatpur-II 0.95100 VL (0.00389)  0.04900 0.00020 (VL)  0.56200 VL (0.00209) 0.43800 0.00163 (VL)
Farakka 0.91400 M (0.17233) 0.08600 0.01621 (L) 0.32200 VL (0.01934) 0.67800 0.04077 (L)
Suti-1 1.00000 M (0.16644) 0.00000 0.00000 (VL)  0.68900 VL (0.00241) 0.31100 0.00109 (VL)
Suti-II 0.97500 VH (0.56639)  0.02500 0.01426 (L) 1.00000 VL (0.01003) 0.00000 0.00000 (VL)
Raghunathganj-I ~ 0.97500 L (0.06157) 0.02500 0.00158 (VL)  0.39300 VL (0.00236) 0.60700 0.00365 (L)
Raghunathganj-IT  0.97500 H (0.47025) 0.02500 0.01205 (L) 0.48400 VL (0.00146) 0.51600 0.00155 (VL)
Samsherganj 0.97500 H (0.43499) 0.02500 0.01115 (L) 0.55400 VL (0.00931) 0.44600 0.00749 (VL)
Sagardighi 0.99800 VL (0.00116)  0.00200 0.00005 (VL)  0.52200 VL (0.00116) 0.47800 0.00107 (VL)

Source: Computed by author from ref. 8. YAI Yield achievement index; WYAI, Weighted yield achievement index; YDI, Yield deficit index;
WYDI, Weighted yield deficit index. For weighted crop yield (contribution level) classes refer to Table 3; VH, Very high; h, High; MH, Moderate
high; M, Moderate; L, low and VL, Very low. For crop liability classes refer to Table 4. VS, Very severe; S, Severe; MH, Moderate high; M, Mod-
erate; L, low and VL, Very low.
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Figure 6 shows the spatial distribution of CCPI in vari-
ous blocks of Murshidabad district. Very high crop pro-
ductivity is observed only in Murshidabad—Jiaganj block
in the central-east portion of the district. Most of the ar-
eas of the district (15 blocks, 57.67% of total blocks)
show high crop productivity. They occur in a narrow belt
of seven blocks running along the eastern edge of the dis-
trict extending from Lalgola to Jalangi. Another belt of
high crop productivity is found in the middle and south-
ern parts, comprising four blocks, namely Berhampore,
Beldanga I and II and Nowda. Other areas of high pro-
ductivity are found to be scattered in the western and
northern parts of the district. The areas of moderate high
crop productivity seem to occur in clusters; one is con-
fined to the western and southwestern part, the second
lies in the northwest and the third patch is found in the
southeastern part of the district. Thus, the regional distri-
bution of crop productivity shows distinctive contrasting
areas. Productivity is highest in the central part and high-
er in the eastern part of the study area, which more or less
coincides with the new alluvium zone of Bagri region. In
general, productivity is observed slightly low in the west
and towards north and southeastern parts, and it seems to
coincide with the older alluvium zones of Rarh.

Identification of liable crops

Crop liability index for various crops for each sub-area
unit (here blocks) was calculated. It is the weighted crop
yield deficit index that depends upon the yield deficit
level and share of cropland under various crops. The de-
gree of liability of various crops has been fixed based on
this index following the standard crop liability groups
given in Table 5. For the blocks, some crops have been
identified as liable crops (Table 6).

In most of the blocks in the eastern part of the district,
the liability level of most crops was found to be ‘low’,
e.g. Berhampore, Murshidabad-Jiaganj, Jalangi, Lalgola,
Raninagar-1 and II, Bhagoangola-II, etc. Some blocks
have few crops (like mustard, rice, jute and wheat) with
moderate low to moderate high liability level, viz. mus-
tard (moderate, 0.09073) in Beldanga-I, jute (moderate,
0.07737) and rice (moderate, 0.05042) in Beldanga-II,
rice (moderately high, 0.13745) in Nabagram, etc. In the
blocks in the western part of Murshidabad district, liabi-
lity level of various crops (rice, wheat, potato, til, mus-
tard, etc.) was found to range between low and severe. In
many blocks, rice was the most frequent liable crop with
high to severe liability level. Severe liability of rice was
observed in Kandi and Khargram with liability index
of 0.22427 and 0.21687 respectively. High liability level
of rice was found in the blocks of Bharatpur I and II,
Farakka, Suti-I and Sagardighi.

Thus it is evident that productivity blocks in the west-
ern part lag far behind those in the eastern part of the dis-
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trict. Moreover, based on these results, it would be more
fruitful to initiate region-wise crop selection rather than
implementing any single blind policy for the whole re-
gion and for all crops.

Conclusion

In this article, a technique has been presented which es-
timates crop productivity. It measures productivity of an
area which provide its achievement towards attaining
maximum productivity at a particular point of time. It is
the estimation of the simplified relationship between the
actual hectare-yield, maximum hectare-yield and area
under a particular crop and the total cropland of any re-
gion under all the selected crops. The above technique
also estimates yield achievement level and contribution
of various crops to total productivity. The yield achieve-
ment index gives a clear picture of the present hectare-
yield level with regard to achieving maximum yield out-
put. The index values have been grouped into different
standard categories ranging between ‘0’ and ‘1°, and each
group corresponds to various degrees of crop yield
achievement. Thus it provides better understanding of the
present yield situation of the study area. Hence, a region
with high crop productivity index indicates high effi-
ciency of all the factors of production put together than in

Table 7. Composite crop productivity index and productivity levels
of blocks in Murshidabad district, 2011-12
Block CCPI Crop productivity class
Berhampore 0.881 H
Beldanga-1 0.829 H
Beldanga-I1 0.849 H
Nowda 0.859 H
Hariharpara 0.795 MH
Kandi 0.721 MH
Khargram 0.759 MH
Burwan 0.836 H
Bharatpur-I 0.791 MH
Bharatpur-I1 0.799 MH
Farakka 0.709 MH
Samsherganj 0.801 H
Suti-I 0.755 MH
Suti-II 0.872 H
Raghunathganj-I 0.73 MH
Raghunathganj-I1 0.824 H
Sagardighi 0.756 MH
Lalgola 0.808 H
Bhagobangola-I 0.856 H
Bhagobangola-II 0.873 H
Msd-Jiaganj 0.914 VH
Nabagram 0.816 H
Domkal 0.788 MH
Jalangi 0.833 H
Raninagar-I 0.889 H
Raninagar-I1 0.87 H

Source: Computed by author from Table 6. For productivity classes
refer to Table 1 (H, High; MH, Moderate high; VH, Very high).
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a region with low crop productivity. However, the result
does not identify the influences of individual factors upon
crop productivity of any region.

The weighted crop yield index estimates the contribu-
tion of various crops to overall productivity. Besides, it
helps identify the major crops of any region. A scale of
crop productivity has also been prepared with six stan-
dard groups based on composite index values and each
group represents a different degree of productivity. This
also makes comparison between several area units and
change detection in an area between two periods much
easier. The technique can also be employed to analyse the
trend in crop productivity of an area for a given period of
time using linear regression for year-wise data of that
period. The above method also provides a useful tool to
calculate yield deficit index and liability level of various
crops, which is actually the weighted yield deficit index.
Yield deficit index is complementary to yield achieve-
ment index. Standardized groups of crop deficit and
liability level have also been provided. This is useful to
identify the liable crops of an area more accurately, as it
considers both the yield deficit level and share of crop-
land under individual crops.

Variation in crop productivity as estimated in this me-
thod, however, does not give any information regarding
the influences of individual factors for such variation.
Rather it would require more detailed study about region-
based crop inputs and level of technology. Also, the
method is applicable to those regions where only crops

are grown and animal husbandry is not considered as an
integral part of the farming system. Data regarding vari-
ous inputs, outputs and prices are not always available.
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