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ABSTRACT

The study presents a geographical analysis of cropland
producti;fity in Bangladesh using thana-level data. 1t involves
the interpretations of spatial patterns that emerged, and the evaluat-
ion and identification of the influence of cropping intensity and the
relative acreage and yields of various crops on cropland product-
ivity within the prevailing set of physical and socio-economic
counditions.

The cropland productivity index is expressed in total value
(Rupees) of‘ production per acre of net cropland. The spatial pat-
terns that emerge from the cropland productivity index are an-
alysed using the trend surface mapping technique. The analysis
of regional patterns clearly reveals the country's subsistence-
oriented crop production, except for a.‘few anomalies of high
pro‘ductivity associated with commercial orientation. Comparat-
ive analysis of the best fitted trend surface patterns of monsoon
and premonsoon rainfall, the intensity of labour employed, and
the distribution patterns of owner-operated farms with cropland
productivity trend surface patterns reveal a very close areal
association. This suggests a strong role of the availability of

rainfall and labour on the structure of cropland productivity in

iii
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Bangladesh.

The analysis of the influence of crops and cropping in-
tensity on the spatial variations of cropland productivity is accom-
plished us.i.ng the stepwise regression procedure., The results show
that among all the 23 independent variables, cropping intensity plays
the most important role in explaining cropland productivity. Aman,
aus and jute, the three rainfed monsocon crops, emerged significant
in terms of their yields but their acreage provide a very low level
of explanation. On the other hand, the high-yielding irrigated rice
crops, IRRI boro and boro, potato, tobaccoand sugar-cane are signi-
ficant in terms of their acreage. Pulses acreage is significant
negatively, Mustard and wheat neither by their acreage nor by their

yields are of significant relationship,

iv
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CHAPTER 1

INTRODUCTION

4,1 General:

The economy of Bangladesh is traditionally and overwhelm-
ingly agricultural. Agriculture contributes about 58 percent of the
gross ﬁational product and absorbs about 75 percent of the labour
force (First Five Year Plan, 1973-78)., Agriculture not only pro-
vides food and clothing to millions but also earns foreign exchange
and provides raw materials for domestic industries.

Despite agricultural prominance, continuing rapid population
growth at the vrate of 3 percent per year has caused a growing short-
age of food in Bangladesh. Since 1950, the country has become de-
pendent on food grain imports, which grew from 0.5 million tons a
year in the early 1960's to 1.5 million tons in 1969-70 (Bose, 1974).
The increasing foodgrain imports have imposed a heavy burden on
the national economy. Malnutritions, hunger and poverty among
the rural population have been increasing daily. A survey conducted
in 1974 revealed that 79.4 percent of the rural population lived be-
low poverty level ('Nutrition', Working Paper Ul, 1977), and more
than 40 percent suffered from malnutrition. Although a variety of

crops. are grown, Bangladesh is highly deficient in vitamin-rich

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



foods. Tn an investigation, Chen and Chaudhury (1975) found ''a
perceptible decline in per capita food production with a distinct
downward trend in five year averages for per capita availability
of food (including net imports). -T..n addition to the quantitative de-
clines in calorie and protein consumption, there is an evidence of
a qualitative decline in protein consumption'' (Table 1, 1),

Agriculture in Bangladesh is crop-oriented. Other sectors
contribute little to the food supply. Cattle are kept mainly for draft
with meat and milk as mere by-products, and poultry are kept by
small holders mainly as part of .the subsistence economy. No land
is devoted to stock feed production because of the critical need for
food crops (Ahmad, 1976)., Fish was one of the principal sources
of protein but in the last two decades the per capita consumption of
fish has declined considerably (Table 1,1), Thus, the main sources
of protein and calories are now the food crops.

A variety of crops are grown in Bangladesh for subsistence
and cash., All these crops are grown in different seasons and under
different physical and socio-economic enviornments., Conditions of
the physical environments, especially rainfall and elevation of land
in relation to the flood level, are of wvital significance to crop pro-
duction and the agricultural economy of the country. These hydro-

logical conditions determine the main agricultural land use and cropp-
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Table 1.1

Per Capita Daily Availability and Consumption of various Foods and their Equivalents
in Calories and Proteins in Bangladesh during 1960-65, 1965-70 and 1970-74.

Mean Daily Mean Daily Consumption
Availability (Grams) Calories (Number) Protein (Grams)

Food 1960-65 1965-70 1970-74 1960-65 1965-70 1970-74 1960-65 1Y65-70 1970-74
Cereals 448 434 420 1550 1502 1453 34.6 33.7 32.4
(Percent wheat) (5) (6) (10) (5) (6) (10) (8) (10) (18)
Pulses 11 11 10 38 38 36 1.8 1.8 1.7
Fish 34 33 31 29 28 26 4.4 4,1 3.9
Vegetables 28 32 23 12 15 10 0 5 0.6 0.4
Potatoes 16 28 28 14 23 23 0.2 0.4 0.4
Edible Oils 2 2 2 19 22 20 * #* *
Others _ _ _ 53 52 50 1.9 1.9 1.8
Total _ _ _ 1715 1680 1618 43,4 42.5 40, 6

Note: The amount of Calories and Proteins due to other foods not listed (meat, eggs, fruits, etc)
was estimated by using data from the National Nutrition Survey 1962-64, The survey showed
that these other foods contributed 3.1 percent of calorie and 4.4 percent of protein consum-
ption. The estimates in this table maintained the percentages for all three time periods.

- = not available
negligible

>
kXY

Source: Chen and Chaudhury. "Demographic Change and Food Production in Bangladesh, 1960-74",

Population and Development Review, Vol. 1, No, 2, 1975,




ing patterns in Bangladesh. There are three crop seasons corres-
ponding to three broad climatic seasons in Bangladesh (Fig, 1.1),
The crop seasons, however, do not have a sharp boundary between
any two of the seasons, since the harvesting period of one crop
overlaps the sowing period of the next crop.

a) The Rabi or spring crops of cool dry season are sown
in Novgmber or December and harvested in March or April. This
cool dry season is virtually rainless., Crop cultivation is limited
to lands which retain moisture or are irrigated. Although 25 per-
cent of the cultivated land is cropped at this time, a great variety
of crops are grown both with or without irrigation. Boro rice, the
main crop of the season, is generally transplanted on lowlands that
retain water during this cool dry season. IRRI boro (IR-8), a high
yielding variety of hybrid rice that was introduced in the mid-1960's,
is swccessfully adapted to this season., This rice, however, requires
an adequate supply of irrigation water and chemical fertilizers and
diligent care in order to provide legendary yields of two to four
times higher than the indigenous rice crops. Other dry crops like
winter vegetables, potatoes, wheat, barley, oilseeds, pulses, to-

bacco, ground -nuts, etc. are also important crops of this season.

b) The Bhadai or summer crop season (March - April to

July -August) begins with scattered rains in early summer
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Pig. 1.1 The crop calendar of Bangladesh

RAINFALL ( Inch)
MONTHS

CLIMATIC SEASCNS
CROP SEASONS

Modified
from: Ahmed,R. The Variabilitv c? Some Wzter 32alance Parameters

cf the Premonsoon Season in Bangledesh, Unpublished Master's

Thesis, University of Windsor, 1978.
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(Nor'westers) and lasts throughout the first half of the heavy monsoon
rainy season. The two main crops, aus rice and jute (fiber crop)
are generally sown in the highlands, since excessive rainfall or
flooding is harmful to young jute and aus plants, These two crops

(one is vital for food ?..nd the other for cash) compete with each other
for the use of the same land. Good or poor market prices of the
preceeding season greatly determine the cultivators choice in the
current sowing of these two crops (Ahmad, 1976).. However, the

population pressure and the need for food crops induce the farmers to

grow more rice than jute,.

c) The Hemantic/Aghani or autumn crop season (June - July

to November - December) begins with heavy rainfall of monsoon and
ends in the beginning of cool dry season, The main crop is the
rainfed aman rice. There are two types of aman, The broadcast
or floating aman is sown in March or April on low lands that are
prone to flooding. TUsually seeds of aus are also mixed in with
aman to ensure harvest regardless of the flooding. Thus, while

aus, fed by early rains, is harvested in late July or early August,
the aman is left in the field to grow with increasing flood water
until its harvest in late November, The-other type, known as trans-
planted aman, is the finest variety of all rices. First, it is sown

densely into fertilized nursary beds., Then the seedlings are trans-
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planted into the field in July or August, and harvested in late
November or December., The paddy-field, located on lands of low
to medium elevation, provides rice with a regula.f;ed water level,
and lends itself to multiple cropping. Aman is also adaptable to
saline water which may be a limiting factor in coastal areas to
other crops. DBecause of widespread flooding, 75 percent of all
cultivated land in Bangladesh is suitable for aman, aus and jute
during fhe monsoon season. Normal flooding provides water for
the best growth of monsoon crops, Heavy floods, however, may
reduce crop production as well as cause damage to property.

The loﬁgest growing annual crop, sugar-cane, spans several
growing seasons. An upland crop, it is sown in February - Marc};
and harvested in the late autumn.

Most cultivated land in Bangladesh is subjected to annual
flooding and drought. Aman, aus and jute are wvulnerable to excess-
ive floodings that accompanies cyclones during the monsoon season,
Consequently their harvest and supply have fluctuated widely from
year to year, By contrast boro or TRRI boro rice and other dry
crops are vulnerable to drought or lack of irrigation water during
the cool and hot dry seasons., It has been found that, except for
the traditional aman-aus rice and jut;e, no other crops including

those of the high yielding seed-fertilizer technology, are adapt-
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able to the conditions of the monsoon season. Tn the dry season,
however, a great variety of crops can be grown with the help of
irrigation. Moreover, irrigation can intensify land use by means
of multiple cropping, and by creating conditions amenable to the
introduction of yield-raising inputs and farming practices (Bose,
1974),

The crops grown in Bangladesh display a great range in
acreage. Rice, grown mainly for the farmer's own consumption,
is by far the most important crop occupying 78 percent of the gross
cropped area. Among the ;:hree different kinds of rice grown,
aman and aus occupy about 45 and 25.5 percent of the gross crOpped‘
area, and boro and IRRI boro of high yielding hybrid occupy 5 and
2 percent respectively, After rice, the second most important crop
is jute grown for cash which is essential to industry and commerce,
Jute occupies 7.5 percent of the total cropped area. Other crops
such as, potatoes, pulses (legumes), wheat, oilsegds, sugar-~-cane,
tobacco, vegetables, etc, occupy less than 2 percent of the crop-
land each, but are not less important from the stand point of yield,
economic or caloric value.

Presently in most of the areas of Bangladesh, more than
one crop is raised from the same plot of land in one year. Net

cropped area or total cultivated land (including current fallow) in
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Bangladesh was about 22,49 million acres in 1969-70, whereas it
was about 22,33 million acres in the year 1950-51, It shows
that there has not been any significant change in the net cropped
area over the years in Bangladesh., However, gross cropped area
has increased significantly from 26,24 million acres in 1950.—51 and
27.39 million acres in 1961-62 to 32,84 million acres in 1969-70
(Table 1.2)., This is because of the increase in cropping intensity
during the mid-1960's when the 'new seed-fertilizer-irrigation-
technology' was introduced. Cultivated land on the average, was
cropped 1,31 times during 1961-62 but by 1969-70 the cropping
intensity had increased to about 1,50, It is interesting that a
close relationship has been found between the cropping intensity
and population density (Technical Report no., 2, IBRD
1970 ). Areas of high and moderate population density appear to
have higher éropping intensity than the low density areas. How-
ever, increased cropping intensity could make only é. s{ight impact
on the general trend of agricultural production in Bangladesh.
Pasat production trend of important crops shows a stag-
nant output during the 1950's (Fig., 1.2), Rice production in the
1950's increased at only 0.7 percent per annum compared with a .

population growth rate of 2.9 percent, This resulted in a steadily

increasing foodgrain deficit., Performance, however, improved
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Table 1.2 Land Utilization in Bangladesh

(million acres)

‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

Source: Ministry of Agriculture, Government of Bangladesh.

Item 1947-48 1949-50 1951-52 1958-59 1961-62 1963-64 1965-66 1969-70 1970-71
l. Total Geograph- ;5 .3 35 8 35.28  35.28 35,28 35.28 35,28 3528  35.28
ical Area _ :
Forest Area 2.98 .2.98 3.15 5.46 5.47 5.47 5.40 5.54 5.50
. Area not available
f . .
or cultivation 9.63  9.33 9.25  7.52  7.85 7.85  1.54 7.24  17.30
(including cultivable
waste)
. Current Fallow 2,60 2,23 1.55 1.77 1.00 0.86 0.73 0.73 1.12
. Net Cropped Area 19.42 20,09 20, 69 19, 87 20.94 21,08 21.63 21,76 21.36
- Total Cultivated 5, 5 22,32 22.24  21.65  21.94 21.94  22.33 22,49  22.48
Area (4 + 5)
- Area Cropped 5.86  5.56 6.08 536 6,45 711 7.94 974 9.0
more than once
+ Total Cropped 25.29  25.65 26.77  25.23  27.39 28.19  29.54 32,48 31,53
Area (5 4+ 7)
. Intensity of ,
Cropping 130.2  127.6 129.3  126.9  130.8 133.7  136.8 150.0  147.1
( 8 as percent
of 5)

01
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Fig. 1.2 Acreage (a) snd Production (b) Trends of Different Crops for the
Last 23 Years (1947-48 to 1969-70) in Bangladesh.
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12

slightly in the 1960's when both rice productionand aggregate agri-
cultural output increased at about 2.5 percent per year. Among
the three rice crops, the production of aman was unsatisfactory,
aus showed a slight upward trend and boro (both local and IRRI
boro) showed a spectacular increase from 0,42 million tons in
1959-60 to 1.80 million tons in 1969-70 (Bose, 1974),

Jute, the main cash crop of Bangladesh, accounts for about
half the money income of the agricultural community and is the main
foreign exchange earner for the country (Table 1.3), Jute trade pro-
vides a wide variety éf employment and transport services. Jute
industry a.lon.e provides employment for more than 200’0~00 workers
(Ahmad, 1976). Production of jute however, is not impressive. 1t
declined in the 1950's and then registered some increase in the
1960's, The latter, however, was associated with a large increase
in acreage and a decline in yield.

The acreage and production of aman, aus and jute have
fluctuated widely over the recent two decades (Fig. 1.2), For
a.ma’n and aus, fluctuations occurred mainly because of their dam-
age from floods and cyclones, whereas fluctuations in jute reflected
the world jute markets, government policies toward jute cultivation
and the competetion of jute with aus rice.

Potatoes and sugar.cane registered a significant increase as
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Table 1.3 Foreign Exchange Earnings from Exports in Bangladesh.
In million Rupees
Item 1965-66 1966-67 1967-68 -1968-69 1969-70
Fish ' 2.2 11,1 11.8 14,9 15.5
Tea 11.0 0.8 _ _ _
Hide and Skins (raw) 27.8 3.8 2.1 0.2 0.3
Jute (raw) 863.1 897.8 758.9 730.7 262.4
Jute Goods 565.3 626.3 605.5 655.9 768.3
Spices 4.9 5.5 4.1 2,2 3.1
Cotton, raw and waste 1,9 2.9 1.9 1.0 0.9
Leather manufactures 24,8 51.8 43,1 75.2 60.0
and tanned hide and .
skins
Other Articles _ 68.1 52.4 59.8 52.8
Total 1574.1 1667.0 1479.8 1539.9 1662, 8

— Not available

Source: Statistical Digest of Bangladesh, Bangladesh Bureau of Statistics, Govt. of Bangladesh,

No. 8, 1972,

€1
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a result of both higher acreages and improved yields. Other crops,
however, were more or less stagnant both in acreage and yields,

In general, the performance of agriculture was unsatisfactory. The
growth rate for the decade of the 1960's was only 2.5 percent per
year falling considerably behind the population increase (3% per year)
of the period. I[n order to meet the increasing demand of the coun-
try, the growth of agricultural output should increase at the rate of

5 percent per year (Bose, 1974),

Clearly, rapid population growth must be curtailed. but in
the immediaté future the country needs rapid agricultural develop-
ment to increase its food supply at a faster rate than population
growth, Indeed, the government of Bangladesh has given highest
priority to agricultural developmer;t. At present many Bangladeshi
and international experts are helping the govermment in evolving a
comprehensive agricultural development strategy and in formulating
specific programs and projects for making the strategy operational,

1.2 The Problem:

In a predominantly agricultural country like Bangladesh where
field-crops constitute more than 90 percent of agricultural production,
the knowledge of crops in terms of their productivity is very im-
portant. The cropping pattern in Bangladesh is overwhelmingly domi-
nated by rice, which occupies about 80 percent of the cropped land.

This is causing a growing concern among experts at present since such a
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monoculture of rice is creating severe nutritional

and production problems. Experts ha§e long advised that Bangla-
desh should abandon its rice monoculture. René Dumont suggested
that it was wrong to concentrate exclusively on rice because rice
cultivation provided less employment and nutrition per cubic meter
of water, the scarce input. More ;.ttentio.n should be given to vegeta-
bles as China has done_ (Bose, 1974), It was suggested in the Tech -
nical Report No, 1 (IBRD, 1970) that crop diversification would pro-
vide the country with nutritious foods and farmers witﬁ greater
economic security by reducing the present dependence on rice as

a major food crop and jute as the major export crop with an un-
certain future market. Thus experts urged to quicken the search
for other crops valuable both for the people and the economy of

the country (Rahim and Islam, 1974; Bose, 1974), They believe
that where other resources and inputs are écarce, the possible

and desirable way to increase food production both quantitatively

and qualitatively is through crop diversification. However, before
allowing such a diversification in the present cropping pattern, it

is essential to have a wise choice of crops adaptable to the present
physical and socio-economic conditions and effective in economic
development, In selecting the crops, it is necessary to examine

the present cropping patterns in terms of their aggregate and in-
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dividual contributions to land productivity under the present set of
- physical and socio-economic conditions,

Moreover, in modern development planning philosophy the
distribution of economic justice and opportunities must be spatially
balanced. In Bangladesh, this philosophy has been officially recog-
nized (First Five Year Plan, 1973-78), Since agriculture is the
main economic activity, the distribution of economic justice and
the expansion of economic opportunities require the knowledge of
current agricultural trends in each of the areal units used for
planning.

The Government of Bangladesh has been increasingly using
the ""Thana'' administrative region as the basic development planning
unit. ! It is therefore, essential that all contributions and needs
of each thana are known. The planners must know what every

thana is contributing to the national economy in terms of agricultural

1.

"Thana' is the fifth ranking administrative district/Police Station
in Bangladesh. The hierarchy of administrative districts is as
follow:

1. Country 4., Sub-Division - 62

2. Division - 4 5, Thana - 411

3, Districts - 19 6. Union - 4055
7

Village or Mouza - 64,493
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production., Without knowing the present distribution of crops
(acreage, yield, cropping intensity and production), it is not possi-
ble to grasp the spatial variations in the problems of Bangladesh
agriculture. Spatial variations in cropland productivity would be

of particular interest in Bangladesh, where available land for
expanding cultivation is limited, and the only way to meet the in-
creasing population pressure is to improve the productivity of crops

and land.

L3 Objectives and Scope of the Study:

In order to examine and evaluate the crops, a composite
index of cropland productivity w»ill be calculated for each thana in
Bangladesh, This index would represent the aggregate perform-
ance of various factors such as the kinds of crops grown, the share
of the cropland that each crop occupies, the yields per acre -of
each crop and the cropping intensity (i.e, the number of crops
grown from the same plot of land in one year)., IL.and producti-
vity may be measured in several ways such as composite crop
yields per unit land, caloric value per unit land area, or monetary
value per unit\ land area (Goodson, 1938), Compositecrop yields in
natural units such as weight or bulk is useless because the quality
and quantity of the products are very different. On the other hand,

caloric value also is deficient in measuring certain crops that are
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not meant for food consumption, such as fiber crops (jute), tobacco,
or rubber. Since we can not overlook the importance of jute and
tobacco in the economy of Bangladesh, it is preferable to use
monetary value in expressing the cropland productivity index in
this study.

Geographers are primarily ‘interested in spatial patterns
that may reveal causal factors;,. However, simple cartographic
delimitation ‘of regions of high or low productivity would obscure
transitions from omne type to another {Tarrant, 1969). In this study
the gradients of changing productivity within a distribution patterns
are essential for comparative analysis. When regional patterns
appear as orderly gradients rather than as chance variations, they
may suggest certain causes or processes (Mullar, 1973),

Orderly spatial variations of the productivity index may
suggest the role of various factors such as physical (i.e. rainfall
and temperature, soils, land levels in relation to flooding-, etc‘-),
socio~economic (i.e, size of farms, tenure classes, capital inputs,
labour inputs, density of population, proximity lto market, literacy levels,
etc,), technological and organizational (i,e., application of fertilizers
and pesticides, irrigation, mechanization, cooperative systems, Govern-
ment policies, etc.,) Unfortunately, data for these factors are not

available at the thana level, However, this study may offer some
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explanation of productivity levels in relation to cropping intensity,
acreages and yizlds under different crops, all of which are available
at the thana level. In fact, the acreage and yield of various crops
and the cropping intensity are the three major components of the
productivity index. Thus, the share of cropland that each crop
occupies, the physical yields of various crops and the cropping
intensity should have a direct bearing on the productivity index.

Under the present set of physical and socio-economic con-
ditions, the cropping intensity a.ndl the different crops that are grown
in Bangladesh vary in acreage and yields {from area to area. Some
crops, by virtue of their large area or by virtue of their except-
ional yields, may generate high or low values in the productivity
index. Since, many areas of Bangladesh can support more than
one crop gorwn on the same plot of land in one year the cropping
intensity should have a direct bearing on cropland productivity.
Essentially the contribution of the crops and cropping intensity
to cropland productivity must be evaluated in order to plan for the
future and to discover the best uses of land for stable and optimum
returns,

Thus, the main objectives of the study are:

1. To compute the composite cropland productivity index

for each thana in Bangladesh,
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2., to describe and analyse the spatial patterns and regional
trends that woqld emerge from the productivity index, and

3. to -analyse the relationships between cropland producti-
vity and cropping inténsity and the acreage and yields of different
crops, identifying the crops that are responsible for high or low
values in the productivity index.

Spatial analysis of this kind has long been felt necessary
by the planners for a country like Bangladesh. Such study has a
great empirical value, for it would provide for the first time a
detailed analysis of crops and their influence on cropland producti-
vity by tha..fxa. The study would help the planners in evaluating the
role df crops by their acreage, yields and intensity in the spatial
patterns of economic output from agriculture., Analysis of‘spatial
patterns would help differentiate areas of high and low productivity
so that necessary actions for different areas would be taken. This
study would provide some basic information needed for planning

any changes in the cropping patterns.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 Measurement of Agricultural Productivity:-

The notion of agricultural productivity is generally consider-
ed as the total agricultural output per unit of input. The use of this
concept, in methods and criteiia, has differed from author to author,
area to area and from time to time, depending on the ultimate purpose.
At least four approaches to the measurement of agricultural producti-
vity may be recognized: (1) output per unit area; (2) output per
unit of labour applied, i.e. per man-hour; (3) output in relation
to input, i.e. input-output ratio and profit derived from fa.r'rning,
and (4) output expressed in terms of grain equivalents per head
of popﬁlation (Bhatia, 1965). For (2) and (3) data are not readily
available in many parts of the world especially in Bangladesh,

Output per unit area is the most commonly used measurement,

In order to compute total agricultural output some common deno-
minator must be employed for each commodity such as bulk,
weight, food value or monetary value. Thus, depending on the
purpose of the investigation, agricultural land productivity may

be measured in terms of - (a) composite crop yields, (b) caloric

value per unit land area, or (c) monetary value per unit land area
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{Goodson, 1938),

2.2 Output Per Unit Area:-

In the late 1920's and 1930's, geographers used production
and land productivity measurements to define agricultural regions
and regions of farming systems (Studensky, 1927; Baker, 1926-32;
Brinkmann, 1930; Whittlesey, 1936: _PBusch, 1936; Goodson, 1938),
These important contributions to agricultural geography, however,
lacked statistical sophistication.

Kendall (1939), a well known statistician, measured crop
productivity per unit area by taking 48 counties of England for
selected years and applied four coefficients, The 'productivity
coefficient! was measured on the basis of factor analysis technique.
In measuring the 'ranking coefficient' the 48 counties were first
ranked in the order of yields of the ten crops and then the arith-
metic mean of the rank numbers were obtained, The third and
fourth coefficients are the 'monetary value' and the 'energy wvalue'.
The coefficients were obtained by expressing the yiélds in terms of
money value and energy content (caloric and protein value).

The ranking coefficient method of Kendall was also adopt-

ed by L,D. Stamp in his book Land For Tomorrow (1940), Later,

in his Qur Developing World (1960) he applied the technique to

measure the productivity of 20 countries on the basis of per acre
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yields of nine selected crops. The countries were placed in order
of output per acre for each crop. The ranks occupied by each
country relative to the selected crops were then averaged and

from these averages the ranking coefficients of crop productivity

of each country was obtained. Similar method was also applied

by M. Shafi (1960) and M. K. Elahi (1965). Elahi however, modified
the method by including the ranks of districts according to the cropp-
ing intensity. The ranking coefficient method on the basis of aver-
age yields may be biased in case of the areas of insignificant acre-
ages where certain crops have higher yields per acre than those
areas which occupy substantial acreages with poor yield per acre.
G.Y. Enyedi (1964) however, suggested a formula for determining

an index of productivity coefficient:
(v + (/T

where y is the total yield of the gespective crop in the unit area,
Yn is the total yield of the crop at the national scale, t is the total
crop area of the district and 'I'n is the total crop area at the nation-
al scale.

One of the drawbacks of this fo:mula is that there are cer-
tain cases where the results are influenced by the size of the area

under a particular crop when the yield of that crop in the district
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is the same as or less than the national yield. 1In such a case,
computation according to formula would reveal a coefficient higher
than the national average for that crop. To overcome this diffi-
culty, Shafi (1972) has made an attempt to modify the formula.

Tn the modified formula the yields of all the crops in the district
were added and divided by the total area of all the crops in that
district. Thus the result was examined in relation to the total
yield of the crops at the national level. Shafi's formula may be

represented as:

Sn( y/t) : =En( y/T)
S.S. Bhatia (1967) applied a new me}asure in defining
."agricultural efficiency' (synonymous to cropland productivity)
in Uttar Pradesh, India. He first calculated a ''yield efficiency
index'' for each areal unit, where the average yields of wvarious
crops in the areal unit are expressed as percentage of the corresp-
onding average yields of various crops for the whole region. He

expressed it as:

I = e 100
ya T,

where Iy'a is the yield index of crop a, Y_ is the yield of crop a
in the areal unit, and Y. is the yield of crop a in the entire re-

gion.
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Then the yield efficiency index of each crop is multiplied
by the percentage of the cropped area that each crop occupies, and
finally divided by the total percentage of cropped a;ea ‘that all the
crops considered occupy to get the ''agricultural efficiency' of the
areal unit relative to the whole region. The formula is as follows:

I 'Ca + be.Cb """“""Iyn'cn

va

1 ca+Cb .olllil...C

n

where E, is the agricultural efficiency index, I _, I Bt cereeseeel
i ya y yn

C

are the yield indexes of various crops, and Ca.' Cb R A

are percentages of cropland under different crops.

1. Stebelsky (1964) and A. Dutt, et al (1969) calculated
agricu].‘.ufal land productivity index by taking the gross total out-
put of all agricultural commodities in monetary value divided by

the total agricultural lands devoted to them.

4,3 Grain Equivalents:

Output expressed in grain equivalents was used forr the
first time by J.L, Buck (1937) in his study of Chinese agriculture.
According to hirﬁ in a subsistence agricultural country like China
productivity and volume of production expressed in terms of money
were not meaningful. Taking all foodgrains to be>equiva1ent in food

values and basing his unit on one Kilogram of whatever kind
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of grain was predominant in the locality, he converted all other
products to grain equivalents on the basis of the amount of the

most commonly consumed grain of the locality that the products

would buy,

.

Professor de Vries, as quoted in'The Economies of

Subsistence Agriculture! (Clark and Hashwell, 1964), modified

Buck's method of obtaining grain equivalents by expressing the
"output of selected Asian countries in terms of 'milled rice equiva-
lents' per head of population. Where Buck had considered all grains
as equal, de Vries converted various kinds of grain into rice equi-
valents according to the local market price of each grain. Clark
and Hashwell (1964) however, made a further refinement, express-
ing the output from agriculture in terms of Kilograms of wheat
eqt'livalent per person. They employed a scale based on the FAO
weighting system for constructing the international index numbers
of agricultural production. The FAO weighting system is however,
based on regional wheat relative price weights (FAO, 1960).
Professor Kostrowicki (1964, 1966, 1970, 1973, 1974)
used conventional grain units to measure agricultural productivity
in his studies of agricultural typology, which according to him are
not subjected to any change in time and space as opposed to mone-

i

tary value, He also did not consider the caloric value because he
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wanted to include non-food crops as well (such as fiber crops,
tobacco, etc.). He calculated the productivity index by taking
the gross total output of all crops in grain units, animals, and
their by-products divided by the total area devoted to them. In
his report on World Agricultural Typology (1973, 1974), pro-
ductivity of agriculture was expressed with two indices - (a)
land productivity measured in gross agricultural/crop and
animal/production in grain units per one hectare of agricultural
land, and (b) 'labour productivity' measured in gross agricultural
production in grain units per person economically active in agri-
culture, However, in the study of either a country or a region,
he recommended the use of monetary value to keep the compar-
ability in time and to make comparisons in space possibl;a, and also

recommended the use of fixed prices rather than current prices.

2,4 Measurement of Cropping Inteasity:

Cropping intensity is directly related to the measurement
of cropland productivity, The most commonly used method in measur-
ing cropping intensity is the ratié of gross cropped area to net
cropped area (Ginsburg, 1963; Ahmad, 1968; Laut, 1968; Sengupta,
1970; Bangladesh Statistics, 1974; Jabbar, 1977)., However, a

precise measure of agricultural intensity 1is the ratio of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28

the quantity of inputs to the land. But data on the quantity of
inputs used in farming are not readily available. J.D. Stryker
measured intensity of land use by the cost in terms of travel

time between the fields and the farmer's house of residence (1976),
He states that this relationship between cropping intensity and intra-
farm travel is evident in areas where land is abundant. But his
model appears unsuitable for areas where there is acute scarcity of
agricultural land, or where intra-farm distances are minimal. Any-
way, application of this model appears difficult because the type of
information required for its computation is only available through
rtugorous and careful field work,

Recently, E, Dayal (1978) developed a new method of mea-
suring cropping intensity. According to him, the traditional method
(ratio of gross cropped area to net cropped area) is misleading for
it does not take into account the duration of crops in the field,
where different crops have different periods of maturity. In the
traditional method, areas under long-duration crops become de-
flated and do not show up well in the intensity patterns. Others
also recognized the conceptual peculiarities of the traditional method
and the importance of crop duration, but they have not made any
attempt to adjust it (Mellor, 1968; Myrdal,b1968; Brookfield and

Hart, 1971: Rao, 1972).
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In his new method Dayal calculated the index as the ratio
of the aggregate of crop areas under various crops, each multiplied
by the duration of the crop in the field, to the net sown area. The
formula is thus, as follows:

n

E . 3
I S1 800

Q

Where Ic is the cropping intensity index, Aci is the area under

1 is the duration of crop i in the field, and Q is the net

crop i, d;
sown 'area.

However, the new method seems to be difficult to apply in
case of Bangladesh since different varieties of the same crop are
grown in different ecological conditions and have different duration
periods in the field. For e.xample, aman, the main rice crop, has
two duration periods in the field. Broadcast aman is sown in March
- April in low-lying deeply flooded areas, sometimes together with
aus rice, Aus is harvested in July - August leaving the aman to
grow until its harvest in November. Another common type of aman
is transplanted in July - August and harvested at the end of Novem-
ber or early December., Thus, these two types of aman have two

different duration periods in the field, one for nine months and the

other for four months. The new method of intensity measurement
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cannot be used in this study since-aman is identified in agricultural

statistics of Bangladesh as a single crop.

2.5 Review of Bangladesh Literature:

In Bangladesh very few studies have been carried out on
agricultural land productivity. Economists and agronomists have
done some research on productivity at the micro-level. Zaman
(1973), Hussain (1974) and Jabbar (1977) in their studies of relative
efficiency of farm-sizes and tenure classes found that the smaller
the farm size, the higher the efficiency of land use. They also
found that the own;er-operated farms were relatively more product-
ive than the share cropped and tenant farms, 1In all of the above
studies, land productivity was measured according to the gross
value of crops, animals and by-products produced per farm or per
acre of land, and each commodity was valued at a constant price,.

In a study thé.t used thana statistics, Morrison (1972) found
that the most successful farming (in terms of productivity) was re-
lated to small farms operated by owner cultivators. He used data
of 37 sample thanas distributed throﬁghout the selected 19 agro-
geographic regions which he derived from H. Rashid's (1967) 122

agricultural regions of Bangladesh., His measurement of producti-

vity was based on the gross cultivated area as percentage of the net
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cultivated area and the percentage of jute in relation to the net
cropped area. Areas with 5 percent or more jute together with
areas of high cropping intensity were regarded as the regions of

high agricultural productivity.

2.6 Computer Mapping and Analysis of Spatial Variations:

Traditional cartographic procedures in delimiting the regions
of agricultura.l phenomena generall‘y obscure the transitions from one
type to another as well as the true character of agricultural distri-
bution (Tarrant, 1969). Recent development of trend surface anal-
ysis is a promising computer mapping technique which can solve
such regional boundary problems (Morgan and Munton, 1971)., It
can separate overall trends in areally distributed data from local
exception., This is a very useful method not only for mapping, but
also a tool for explaining spatial trends., The use of this technique
was first applied in geology (Krumbein, 1959; Grant, 1961), 1In
geography the use of this method dates from mid-‘1960's (Toblar,
1964; Chorley and Haggett, 1965), and physical geographers rather
than huma.ﬁ geographers have so far been the major users (King,
1969; Peterson and Robinson 1969; Manderville & Rodda, 1970;:
Tarrant, 1970; Robinson, Peterson & Anderson, 1971:; Bassett

and C};orley, 1971; Unwin, 1973), This is because physical geog-
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raphers deal mostly with point-valued data, where discountinuity is
unlikely, whereas human geographers deal with area-valued data
that are more prone to discontinuity. U area valued data are to
be used for trend surface mapping the shapes and sizes of areal
units should be more or less similar and small in relation to the
total area mapped, so that better reference points could be obtained
(Nordbeck, 1962), Moreover, the distribution of reference points
should be more or less evenly spaced.

Trend surface analysis was first used in agricultural geog-
raphy by Tarrant (1969)., He used 158 Rural Districts as data points
to "determi.‘ne the more important underlying trends in some charact-
eristics of Irish farming to emphasize, not the regional divisions,
but the overall unity in the progression between extreme types,'

He examined only the surfaces calculated from the expansion of
linear, quadratic and cubic polynomial functions of the form. 1In
another study, Muller (1973) used trend surface analysis to test

the wvalidity of Von Thinen's model as an organizational construct
and as an analytical tool in macroQgeographical pattern of American
agricuiture. In his study, he used 1376 counties as data points which
resulted in a good pattern to infer that the macro-Thunian distance
relationship has strongly shaped the American agricultural develop-

ment,
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2.7 Multifactor Analvsis:

Agriculture itself is a very complex, heterogeneous phen-
omenon, in which various aspects and characteristics are inter-
related or interconnected. The production patterms in agriculture
are functions of many factors. In order to manipulate a wide range
of variables in agricultural research geographers have increasingly
turned to advanced mathematical techniques, Factor analysis or
principal component analysis were used by Kendall (1939), and Hagood
(1941) in geographic research. Geographers, however, have used
these methods first during the mid-1960's. Henshall and King
(1966) used factor analysis to classify peasant agriculture in
Barbados o.n the basis of crop-livestock combinations. Henshall
(1966) used this technique to identify the relationships between
various structures of agriculture in Barbados and recognized new
agricultural regions.

A more common method used to analyse areal association
is the regression analysis, Robinson and Bryson (1957) used this
technique to identify the relationship in Nebraska between rural
farm population and average annual precipitation. Maunder (1966)
has studied the total agricultural production of New Zealand, where

he used a multiple regression model to assess the association be-
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tween twenty three agricultural and fifteen climatic variables.
Clark (1967) studied the use of residuals from regression for the

dairy cattle~pig rearing relationship.

’

Where a large number of variables are counsidered, a
stepwise multiple regression analysis may be used. 1In the step-
wise analysis, each wvariable is added to the equation irn descending
order so that the highest partial correlation of the variable in eq-

uation is considered first, and so on. Robinson,et al (1961) used

this technique in their study of rural farm densities in the Great

Plains of America.

The selection of techniques and methods for various
stages in the study however, not only depends on the discussed
technical literature bTtut 2lso on the actual situation of
agriculture in Bengladesh as well as the purpose of investi-
gation. The forthcomming methodology chapter will discuss it
in details.
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CHAPTER 3

ME THODOLOGY

3.1 Measurement of Productivitv:

The selection of a technique for measuring productivity
depends, in most cases, on the structure of agriculture in a parti-
cular country and the purpose of the investigation. In this study
the output per unit area approach in terms of monetary value has
been used to measure cropland productivity, Since in Bangladesh
more than one crop is raised from a single plot of land, cropping
intensity ﬁlust be considered in calculating the cropland productivity
index., The cropping intensity index was calculated by dividing the
gross cropped area by net cropped area. This is the most common.
method used in measuring croppi.ﬁg intensity in Bangladesh (First
Five Year Plan, 1973-78; Ministry of Agriculture, 1974; Rashid,
1967)

To compute the index of cropland productivity, the gross
production of each crop for each thana's cropped acreage was cal-
-culated from the yield and sown area data., The monetary value
of each crop based on average market prices was used. The values
for all crops were then added up to give the total wvalue of product-

ion for each thana and then that wvalue was divided by the total acre-
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age of all crops in a thana. Finally, the result was multiplied by
the cropping intensity index of the thana to give the value of pro-
duction per acre of net cropland - that is, the index of cropland
productivity.

The procedure of measuring the productivity index can be

specified by the following formnula:

Py = | =l ni 1t CIt
i’.‘..'—il A1
where,

P, = Cropland Productivity Index
A; = Acreage under the ith crop
Y; = Yields per acre of the ith crop
V. = Value of the ith crop
Cl, = Cropping Intensity Index of the tiy thana.

3.2 Study Units and the Variables:

In order to calculate the cz;opland productivity index and
to analyse the patterns and spatial variations of the index value, the
thana has been 2zdopted as the basic areal unit. In terms of
hierarchy the thana is the fifth ranking administrat_:ive district in

Bangladesh, More statistical data are now being collected by thana,
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since thke Government of Bangladesh began to use it as the basic
development planning unit. There are 411 thanas and two metro-
politan’areas, Dacca and Chittagong, On the average these thanas
vary from 60-250 square miles in area (Islam, 1965). All the 411
thanas except the two urban centres have been included in this study.
Such a small unit would give more accurate range of variations and
lend itself better to trend surface analysis.

In accordance with the objectives of the study, eleven most
important field crops were selected. Among the various crops that
are grown widely all over Bangladesh, these eleven crops cover
about 92 percent of the total cropped area (Table. 3.1). 'I;hese
11 crops include 4 rice crops (aman, aus, boro and TRRI boro)
and wheat which constitute 99 pe;t'cent of all the creals grown.
Pulses (include masur, khesari, gram and mash kalai), rape and
mustard (grown mixed), and sugar-cane are important for protein
and caloric value, ©Potato is a staple vegetable. Jute and tobacco
are important cash crops. The range of variations in acreage
among these crops is very great depending on the physical and
socio-economic}conditions. Rice crops occupy 78 percent of the
total cropped area of which aman and aus are more or less evenly
distributed all over Bangladesh. By contrast, boro, IRRI boro, jute

and the remaining crops are highly localized., Although crops other
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Table 3.1

Acreage, Percentage Occupency, Yields, Prices and Percentage
of Production by Value of the selected 11 Crops in Bangladesh

(1969-70),
Gross % of total Acre Average % of
cropped gross yields market production
Crop . : : .
area in cropped in price in by value
'000 acres area Maund Rups.
*Aman Rice 14,812.0 45.10 12,7 39.16 45,23
(local) .
Aus Rice 8,419.0 25, 64 9.4 39,16 19,02
(local) -
Boro Rice 1, 603. 6 4,88 17.9 39.16 6.90
(local)
TRRI Boro 579.0 1,76 40.0 39.16 5.63
(HYV Hybrid)
Wheat 269.0 0.90 9.5 23,00 0.36
Jute | 2,465.0 7.50 14.1 30,91 6. 60
Sugar-cane 410.0 1.25 489.9 3.00 3.70
Rape & Mustard 538.0 2.00 6.8 51,35 1.15
Tobacco 113,0 0. 34 958 128,90 0.88
Potato 211.0 0. 64 - 110.,0 23,67 3.37
Pulses 553.0 1.70 8.6 23.91 0.70
(legumes)
Total : 29,974.1 91,71 93,52

* Local Aman, Aus and Boro are the traditional varieties of rice,
whereas IRRI is the High Yielding Variety of hybrid rice.

Source: Agricultural Production Levels in Bangladesh, Bureau
of Statistics, Ministry of Planning, Govt. of Bangladesh,
1976,and partly computed.
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than rice and jute occupy much smaller acreages, they are very
important to the farmers and to the country because of their higher
physical yields or greater monetary wvalue (Table 3,1). These eleven
crops represent about 94 percent of the total crop production, by
value,

Data on the cropped acreage and the physical yields per
acre of these eleven crops were collected from the Office‘ of Agri-
cultural Statistics, Govt. of Bangladesh. As the agricultural stat-
istics at the thana level are not readily available in published form,
the study is restricted to the 1969-70 period. 1In fact, this was the
only normal year free from all sorts of natural or man made catas-
trophes for a decade or more. Although the data for total and net
cropped area for the 1969-70 period were not available at the thana
level, it was possible to secure 1972-73 total and net cropped area
statistics at the thana level, Since the degree of variations from
year to year is very small (generally 1-5 per cent), it was decided
to adjust 1972-73 thana statistics to the 1969-70 levels using the
changes in net cropped area observed for each district.

The market prices for the selected crops were collected
from the "Wholesale Price Series of Important Farm Products in
East Pakistan' (presently Bangladesh) published by the Directorate

of Agricultural Marketing, Government of East Pakistan. However,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

prices for agricultural crops vary over time and in space. In fact,
local market prices in Bangladesh vary by about 25-40 percent over
time and by about 10-20 percent in space. In order to gage crop-
land productivity, an average price for each crop had to be com-
puted for uniform application in all thanas, Thus monthly prices
(shown in Appendix B), for the 1969-70 period were averaged for
the year, The monetary wvalue of the crops in the index was ex-
pressed in 'Rupees' (Rs. 4.76 = $1.00 U.S.l) and the physical

yields of crops in 'Maund' (one maund = 82,242 lbs) per acre,

3.3 Computation of the Cropland Productivity Index:

In order to meet the first objective of the study, a com-
puter program was developed to calculate the cropland productivity
index for each thana in Bangladesh. TUsing the formula specified
above, a program was designed to compute and print out not only
the cropland productivity index, but also a number of other variables,
such as the percentage of the area in each thana occupied by each
of the selected eleven crops, the percentages of yield of the eleven
crops for each thana relative to the national average, the production by

value of individual crops and their total value per thana (Appendix A).

1'Accordi.ng to the 1969 Government rate of U.S. dollar equivalent,
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However, the computed productivity index was used later in trend
surface analysis and as the dependent variable in a stepwise regress-
ion model to measure the effect of acreage, yield and cropping in-

tensity.

3.4 Trend Surface Analysis:

The second objective of the stud{r was to analyse the spatial
patterns of t.he productivity index. Simple cartographic representat-
ion of the patterns generally obscures the underlying trends of the
distribution of a phenomenon. A special mapping technique, the
trend surface mapping, (a) improves isarithmic mapping, (b)
allows for precise description and comparison of map patterns,

(c) enhances comparative areal analysis, and (d) facilitates process-~
response hypothesis testing (Chorley and Haggett, 1965),

Trend surface is a statistical procedure of contour mapp-
ing which estimates parameters for an equation representing a sur-
face using least-squares criterion to explain variations in given data
values (Z-values). The surface is fitted to the data values in such
a way that the sum of squared deviations between the given values
at data points and the height (value) of computed surface at those
data points is minimized. Howéver, trend surfaceldoes not fit the

data poi.rits perfectly, so there are residual values (differences be-
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tween the interpolated surface and the trend surface) which indicate
random fluctuations or error of measurement not predicted by the
fitted surface. This forms an assumed error, local components or
residuals, which are defined as a set of apparent non-systematic
fluctuations that are superposed in the large-scale patterns, but
which may be systematically related to a spatial process.

The statistical equation derived from the trend surface ex-
plains variations in given data values (Z-value) distributed either
regularly or irregulax;ly in X-Y space, The equation describing
the trend surface can be linear, in which case the surface is a
plane; quadratic (in squared term), in which case the surface is a
paraboloid; cubic (having a cubed as well as squared and linear
terms), giving an additional point of inflection; and so on, up to the
sixth degree for an equation with sixth order terms and 1owér order
terms plus a constant, with the highest terms taken to the sixth
power. The higher the order of the surface, the more the residuals
will be minimized and the more computation will be required. Higher-
order surfaces will reflect the variation in Z-values more accurately,
but lower-order surfaces also may be quite useful in isolating im-
portant local trends from those that exist over a large area.

Trend surface analysis is considered as a. process of spatial

filtering., The order of the surface determines the upper limit of
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variability, or frequency, of the input data which pass through the
filter., Localized variations or anomalies or noises are blocked

by the filter when a lower order is used, and are increasingly
tra.nsmif.;ted as the order of the surface increases. However, Unwin
(1975) cautioned that there were difficulties with the practical use

of higher order trend surfaces in geographic research., According
to him, '"it is difficult to imagine any a priori geographical theory
that might predict surfaces of higher order than quadratic, Alter-
natively, and having fitted such surfaces, it is equally difficult to

come up with any a posteriori theory to account for them so that

they tend to be used solely as descriptive devices.'" Moreover,
without a large number of very evenly spaced control points, and
without a careful computer programming higher order trend surface
analysis should not be attempted., However, Muller (1973) success-
fully tested the hypothesized macro-Thunian distance influence in
American agr{cultura.l patterns using higher order trend surface
analysis, \

To make inferences about the data in trend surface analysis,
a statistical significance test is required to identif}; or assess the
best fitted surface or goodness-of-fit of the surface. These are

four types of significance tests (Unwin, 1975):

(1) Does the total trend surface provide a fit significantly
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different from zero?

(2) Does a trend surface order n+l give a significant im-

provement over one of order n?

(3) 1s a single specified trend parameter significantly diff-

erent from zero? and

(4) Where, in the mapped area, is the fitted trend surface

most reliable as an estimator of the population trend and where

should it be treated with caution?

The second type of significance test is most commonly used

in geographic research. This test is used to assess which order

of the trend surface, applied to the same data points, seems to

give the best result, The F-test is used to measure the significan-

ce of the trend surfaces.

% of explanation given by the surface (% RSS)/df1

F =
(1-% RSS) /df2

-

dfl = Degrees of freedom associated with the surface, equal to the
number of constants in the trend equation less one for the

base term.

df, = Degrees of freedom associated with the residuals.

This is

given by the total degrees of freedom in the data less df,,
those associated with the trend, i.e. d:f:'2 = No. of observations

- 1 - dflo

To test the significance of the next higher order,
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procedure is to be followed:

Extra % of RSS given by this surface/df3 the previous surface

F o= (1 - % of RSS accounted for this surface)/dfy

df; = No. of constants added to the previous order to make the
present order equation.

df4 = No. of observations - 1 - df, (the number of constants in

the equation)

Trend surfaces were drawn to show trends and residuals in
the . spatial distribution of cropland productivity index in Bangladesh.
The use of this with area-value data was justified in the sense that
the areal units fthanas) were small and the large number (411) of
control points /considered as the centre of the area) were approxi-
mately evenly spaced (Fig. 3.1). Although attempts were made to
compute surfaces of higher orders up to the sixth term, this .study
examined only those surfaces derived from linear, quadratic and
cubic polynomial functions. These surfaces have been used in the
study, (1) to identify the patterns and levels of productivity, (2)
to observe significant changes in the direction of successive trend
surfaces, and /3) using the best-fit surface, to explain the spatial
trends of cropland productivity by the degree to which it corresponds
to the areal variations of mean annual rainfall, pre-monsoon
rainfall, density of agricultural labour for~ce and owner-

operated farms 1in Bangladesh. This was done by wvisual
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comparison of maps. Fourthly, using residual maps, an attempt
was made to suggest an explanation for the local variations in pro-~
ductivity. An F-test was applied to find the significance of the resp-

ective surface at the 99% level.

3.5 Stepwise Multiple Regression:

The third objective of the study was to analyse the effects
of acreage and yields of different crops and the cropping intensity
on cropland productivity., It was assumed that under a prevailing
set of physical, socio-gconomic, technological and organizational
conditions, the acreage, and yields of different crops and cropping
intensity /as the three main components of the productivity index)
should have some effects on the variations of cropland productivity
in Bangladesh. -Tn order to measure their relative effects, a step-
wise multiple regression model was employed,

The stepwise multiple regression procedure was designed
in such a way that it begins with a bivariate equation and proceeds
by adding one variable at a time until a complete equation is attained
for all the variables used. The order in whic;h the variables are
entered into the regression equation is not arbitrary but depends
on their contribution to the explanation of the remaining variance

in the dependent variable (Taylor, 1977). Thus, the first equation
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(bivariate) begins with the independent variable that has the highest
correlation with the dependent variable. Then the second variable
is added to the one that gives the highest partial correlation coeffi-
cient with the dependent variable when the independent wvariable is
allowed ’for. This process is repeated by selecting among the re-
maining independent variables the one with the highest partial cor-
relation coefficient when the independent variables already considered
are allowed for,

A stepwise regression analysis was prepared using pack-
age programs from the Statistical Analysis System (SAS) and the
Bio-Medical Data‘Processing (BMDP) mannuals, This approach
is sgitable for indentifying the crops that are responsible for high
or low values in the productivity index either because of their acre-
age or yields, Moreover, it allows one to assess the relationship
that cropping intensity has to the land productivity of Bangladesh,

In addition to VAR1 = Cropland Productivity Index, the

- dependent variable, the following set of independent variables were

chosen for the analysis:

VAR2 = Acreage of Aus rice as % of the total of 11 crops in a
thana
VAR, = Acreage of Boro rice as % of the total of 11 crops in a

thana
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Acreage of TRRI Boro rice as % of the total of 11 crops
in a thana

Acreage of Aman rice as % of the total of 11 crops in a
thana.

Acreage of Wheat as % of the total of 11 crops in a
thana.

Acreage of Potato as % of the total of 11 crops in a
thana

Acreage of Pulses as % of the total of 11 crops in a
thana

Acreage of Mustard as % of the total of 11 crops in a
thana

Acreage of Jute as % of the total of 11 crops in a thana

Acreage of Sugar-cane as % of the total of 11 crops in a
thana

Acreage of Tobacco as % of the total of 11 crops in a
thana

Yields of Aus rice in a thana as % of national average
Yields of Boro rice in a thana as % of national average

Yields of IRRI Boro rice in a thana as % of national
average

Yields of Aman rice in a thana as % of national average
Yields of Wheat in a thana as % of national average
Yields of Potato in a thana as % of national average
Yields of Pulses in a thana as % of national average

Yields of Mustard in a thana as % of national average
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VARZI = Yields of Jute in a thana as % of national average
VAR, = Yields of Sugar-cane in a thana as % of national average
V‘AR23 = Yields of Tobacco in a thana as % of national average
VAR24 = 9roppi.ng Intensity Index for the thana.

In a parametric statistical test of this kind the vari-
ables in the regression equatiqn should have a normal distribution.
For the goodness-of-fit to the normal curve the Kolmogorov-
Smirnov (KSLTEST) test was used, - All 411 thanas were counsidered
in this test, It has been found that even with such a large sample
the distribution of some data variables, particularly acreages (ex-

cept VAR,), were found to be non-normal because of their high

2
localization. However, before using the regression model these
vax"iables were transformed to a new scale to achieve the normality
of the data wherever necessary.

Another condition for a parametric statistical test is that
the observations must be independent and display a spatially ran-
dom pattern. 1In this study to test the randomness of the producti-
vity index (the dependent variable), Moran's spatial autocorrelation
test for a Pattern in K-color maps (Moran, 1948) was employed,

and a slight positive spatial autocorrelation among the areal units

was established., However, the degree of relationship was insigni-
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ficant (ra = 13%), and it was concluded that the spatial pattern
of productivity index was random. Consequently the wvariable was
subjected to a stepwise regression and treand surface analysis,
The strength of the relationship between the variables
are tested using the F-test. The level of productivity or signi-

ficance level was specified at & = 0.05/95%.
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CHAPTER 4

ANALYSIS OF CROPLAND PRODUCTIVITY PATTERN

4,1 The Spatial Pattern of Cropland Productivity:

Cropland productivity values for each thana (Appendix A)
were plotted in a choropleth map to show their distribution over
Bangladesh (Fig. 4.1). The values were a.iso compiled by dist-
rict, and the mean as well as the highest and the lowest thana
values in the district were compiled (Table 4.1), To provide a
basis for comparison, the national mean cropland productivity value
was calculated (Rs. 808.92 per acre).

In general, Bangladesh may be divided into cropland
productivity areas of two categories - those, whose values are
above the national average, and those whose values fall below the
national average, whereas the range of values in the first category

is great, it is small in the second.

4,1 Areas of High Cropland Productivity:

Areas of high cropland productivity comprise most of the
eastern districts of Chittagong Hill Tracts, Chittagong, Comilla,
Sylhet and Kishoregonj, the north-western districts of Rangpur and

Bogra, the southern district of Barisal, and the central district of
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Table 4,1

e . Mean Minimum Maximum

District . Rank Value Value Value Range
Dacca 2 1003, 14 496,77 3583, 04 3086. 27
Kishoregonj 6 907.36 625, 22 1333, 08 707,86
Mymenshingh 13 690.41 579.28 848, 85 269,57
Tangail 15 655, 68 544,73 805, 82 261, 09
Faridpur 12 740,27 496,53 952,59 456, 06
Chittagong 2 998, 65 550,72 1369,17 818, 45!
Chittagong-

Hill Tracts 1 1251, 47 786. 90 2008, 69 1221.79
Noakhali 10 775.38 596.16 1142, 05 545, 89
Comilla 4 978,77 804,32 1283, 25 478,93
Sylhet 7 857.35 594, 76 1264, 45 669, 69
Rajshahi 18 623,20 382,45 1109, 35 726,90
Dinajpur 14 670.01 471,70 858, 86 387.16
Rangpur 5 933,73 731,02 1593, 29 862,27
Bogra 8 808. 92 524,42 1127.77 603, 35
Pabna 11 758,31 586.80 939.13 352,33
Khulna 16 631. 65 457,83 829.38 371,55
Barisal 9 806. 65 546,75 1119, 22 572,47
Patuakhali 19 618,95 435,38 858,10 422,72
Jessore 17 628, 05 488, 69 963.96 475,27
Kushtia 20 612.46 466,45 802,73 336.28
Bangladesh 808, 92 382.45 3583, 04 3200. 59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54
rig. 4.1

BANGLADESH
COMPOSITE INDEX OF CROPLAND PRODUCTIVITY
1969-'70
IN RUPEES PER ACRE OF CROPLAND BY THANA

29 9 20 40

(= —

LEGEND:
\

11001399
<500 1400= 1799
500 - 799 1800-2199

800 - 1099 - 2200 N

')

X

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



55

Dacca (Fig. 4.1 and Table 4.1), The highest values were recorded
near the capital city, Dacca (Tangibari, Munshigonj, Tejgaon,
Savar and Sirajdikhan). However, the presence of some lower than
average values in the Dacca district have rgduced its mean to
second highest in Ba:gla.de'sh. The Chittagong Hill Tracts District
has the highest mean value, only Nakhoyongchari thana of this
district has an index. value below the national average. Chittagong
district has the third highest mean value but three of its thanas
(Teknaaf, Kutubdia.,‘ and Banskhali) have cropland productivity
values below the national average. Comilla, boasting the fourth
highest.mea.n value, is the only district in Bangladesh where no
thana is found to be below the national average. Although Sylhet
district has a high mean value and ranks seventh, it has many
thanas with low cropland productivity, Kishoregonj agricultural
district has shown a pretty high average values whereas, the adja-
-ca.nt Mymenshingh has a low average value. Rangpur and Bogra

of the north-western part of the country are also found to have
high average values, Rawmari of Rangpur and a few other thanas
of Bogra -district, however, have values below the national average.
In the south, Barisal has an index value just above the national

average.
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4,1, ii Areas of Low Cropland Productivity:

-~

The areas of low cropland productivity are concentrated
in the western part of the country. Indices of less than 500 are
common in the districts of Rajshahi, Khulna, and Dinajpur (Nawab-
gonj, Godagari, Porsha, Niamatpur, Manda and Mahadebpur thanas
of Rajshahi, Dacope, Dumuria and Satkhira thanas of Khulna, and
Ghoraghat and Khanshama thanas of Dinajpur). 1In addition, the
Meherpur thana of Kushtia, Lohagara of Jessore, Alfadanga of
Faridpur, Khepupara of Patuakhali and Saturia of Dacca are found
to be very low productivity thana;s. The lowest index value re-
.corded is at Nawabgonj of Rajshahi district (Table 4.1), TIndex
value ranging from 500-800 (second level in the map) are most
common in tl.ie western, central and southern districts. Noakhali,
Patuakhali, Faridpur and Mymenshingh in addition to those already
rne.ntionéd above, belong mostly to tﬁis level, However, small |
isolated pockets of high productivity va.lues,- found in all of the
above districts, suggest the influence of nearby urban centres.

The spatial patterns of cropland productivity, based on
a choropleth map of 411 thanas, have revealed many variationsof
local origin. The large number of cases precludes individual

analysis of discrete areas, and requires the use of a generalized
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spatial pattern for more effective explanation in terms of certain
causes or processes (Chorley and Haggett, 1965), Trend surface
mapping is a suitable method of spatial filtering whereby one can
measure directly how much of the information conveyed by a map
is ''singal' (i.e. a response to the physical and socio-economic

influences) and how much of it is due to ''moise' or local random
variation (Muller, 1973). Therefore, a trend surface analysis of
the spatial patterns of cropland productivity in Bangladesh will

follow,

4,2 Trend Surface Analysis:

Polynomial trend surfaces up to the sixth order were
fitted to the 411 productivity index values, | The results (Tables
4,2 and 4.3) give a complete analysis of variance and goodness-
of-fit for the trend surfaces. For the first order linear surface
the F-observed is 51,301 with df = 2,409 which is highly signi-
ficant at the 99.99% level., Variation in observed values (i.e. %
reduction in sum of squares) explained by the surface is 20,11%.
The addition of three quadratic "components over the linear surface
(F-ratio 8.865), " is also significant at the 99.9% level . By
‘adding another four cubic components the surface was further im-

proved giving an F-value of 12,186 which is also highly significant
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Table 4.2 Analysis of Variance of the Trend Surfaces of Agricultural Producﬁvity
in Bangladesh

F-critical value from the

Source of Variation Degreesof % of variation Standard
. . lai -
Total,411 data points Freedom C<Plained or Deviation  © OPSeTVed & ile (Lindley and Miller
df=410 % of reduction ’
- in sum of sq- 1962)
uares (RSS)
Due tol.inear surface o= 0.01 = 0.05
) 2 20.11
with 3 constants _
Due to residuals over 217. 63 51.301 4. 61 3.00
. 408 79. 89
Linear surface
Due to Quadratic 3 4.92
components .
Residuals from 405 74.97 210. 83 8.865 3.78 2.60
Quadratic surface :
Added Cubic 4 8. 14
components
Residuals from 199, 06 12,186 3,32 2,37
. 401 66. 83
Cubic surface
Added | Quartic 5 1.25
components
Residuals from 197.19 1.894 3.02 -2’21
” 396 65. 58
Quartic components
Added Quintic components 6 1,87 :
Residuals from Qunitic 390 63. 71 194.35 2.4 2.80 2.10
surface
Added Sextic components 7 0.73
Residuals from 383 62. 98 193,23 0.8 2. 64 2.01

Sextic surface

8S
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Table 4.3 Goodnesgsg-of-fit for Trend Surfaces
Surface % RSS Percent Ad(}‘ed Coefficient of Statistical
obtained /R in 7. RSS/R Correlation in% Significance
Linear 20,11 _ 44, 85 Significant at
' o= 0,01
Quadratic 25,03 4,92% 50. 03 Significant at
o= 0,01
Cubic 33.17 8. 14% " 57.59 Significant at
' o= 0,01
Quartic 34,42 1,.25% 58. 67 Not Significant
Quintic 36.29 1.87% 60, 24 Significant at
& = 0,05
Sextic 37.02 0.73% 60, 85 Not Significant

6s
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at the 99,9% level and better than the second order surface.
Further addition of quartic, quintic and sextic components did not
improve the fit as muc’h as the first three surfaces. The quintic
surface with an F-value of 2.4 is significant only at the 95% level
but not at the 99.9% level. The other two however, are not signi-
ficant. The meaningful improvement in the first three orders of
the trend surfaces suggests that the génerated patterns may be
comparable to certain causes or processes, The most dramatic
improvement of coefficient of determination (Rz) from the quadratic
to the cubic surface underscores the importance of the spatial patt-
erns of thé third order cubic trend surface, Thus, it can be seen
from the tables and maps that by decreasing the level of generali-
zation from linear to cubic trend surface, there is a concomita.nf:
increase in the good.ness-.of-fit of the data., Thus the cubic trend
surface was found to be the best fitting- surface for cropla.ﬁd producti-
vity in Banglade‘sh. |

Computer maps for all the six orders of trend surfaces
with their residugls (Fig. 4.2 through Fig. 4.7) reveal the differ-
ences. The linear trend surface map shows a highly generalized
pattern wherein the whole country is divided into two parts. The
eastern part represents a high productivity region with a value level

ranging from 800-1100, which is just above the national average.
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The western part is the low productivity region with a value level
ranging from 500-800, which is just below the national average.

The quadratic trend surface map (Fig. 4.3) is somewhat more com-
plex as it includes two more regions: one of very low values in the
south-west corner and anéther of very high wvalues in the south-east
corner of the country, The cubic trend surface map also showed
four categories of values, but it has improved the regional pattern
of cropland productivity to the best possible levels of explanation.
The last three higher order trend surface maps (Figs. 4,5, 4.6 and
4.7) further improved the fit, but the patterns have less statistical
significance. These surfaces may be useful for describing the

gradient in the cropland productivity patterns.,

4,.2.1i Comparative Analysis:

Spatial trends of cropland productivity as determined by
the cubic surface can be related to certain causes or processes,

a) First of all the patterns are comparable to the distri-
bution of rainfall in Bangladesh. The performance of traditional
crop production in Bangladesh profoundly depends on weather con-
ditions, p‘articularly rainfall. A second order trend surface map
(gquadratic) was drawn using the district-wise mean annual rainfall

data for Bangladesh collected from the Directorate of Agriculture,

Govt, of Bangladesh (Fig., 4.8). Another map of pre-monsoon

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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mean rainfall in Bangladesh, drawn by Ahmed (1978), is also
presented here (Fig. 4.9). The regional patternsof rainfall in
both maps are found to have a close relationship with the distri-
bution of cropland productivity in Bangladesh, 1t shows that areas
with higher rai.n.fail have higher productivity, and vice-versa. How-
ever, a few areas of very high rainfall show a negative relationship
between cropland productivity and rai.nfé.ll. This may arise for other
reasons. The foothill areas of northern Sylhet and Mymenshingh is
susceptible to soil erosion, and hence lower yields. The southern
coastal regions of Barisal, Patuakhali, Khulna, and Noakhali be-
cause of salinity in the soils crops can seldom grow well in the
winter~-dry period. The southernmost hill strip of Chittagong and
Chittagong Hill Tracts districts is also a poor soil area affected
by salinity in dry season.

b) Socio-economic factors also have a powerful influence
on cropland productivity in Ea.ngladesh. One of these factors is
the density of agricultural labour force, for which a cubic trend
surface map was prepared using the district agricultural labour
force data (Fig. 4.10) The regional trends that showed up in
this surface seem to have a very close positive relationship with
the trend in cropland productivity, even closer than those of mean

rainfall, Owner-operated farms also have higher productivity than

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the tenant or share-cropper-operated farms (Jabbar, 1977, Hossa‘in,
1974; Zaman, 1973), A first order trend surface map was prepared
to show the percentage distribution of owner-operated farms. Again,
the comparison of this map with the cubic surface map of cropland

productivity indicated a positive areal association (Fig., 4.11),

4,2,ii Analysis of Residuals:

The comparative areal analysis discussed above provides
some explanation only to the broad nonrandom systematic macro
patterns of cropland productivity in Bangladesh., There are some
unsystematic local random wvariations that can be extricated from the
observed cropland productivity patterns by mapping residual values
obtained from the trend surfaces.

The residual maps for all the six orders .that were printed
by the computer are provided with their respective trend surface
maps, The residual maps portray the entire country as a low flat
plain except for a few sporadic peaks, The ''flat plain'' represents
a uniform pattern of rather low productivity throughout Bangladesh,
reflecting its predominant subsistence agriculture, The ''peaks'
found in Dacca, Chittagong Hill Tracts and Rangpur districts exceed
two standard deviations, and appeared in all the residual maps.

Regression from the linear trend surface identified twelve
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thanas with significant positive wvalues (Tongibari, Munshiganj,
Narayanganj, Fatulla, Sirajdikhan. Tejgaon and Singair of Daceca;
Ramgarh, Langadu, and Baghaichhar.i of Chittagong Hill Tracts, and
Patgram and Badarganj of Rangpur districts). As the trend surface
was made more complex, the residuals were gradually reduced in
number and size, so that the cubic trend surface identified nine
thanas with high values.

Examination of the redisuals suggests a different crop
production pattern in these anomalous areas than the rest of the
country. The two anomalies of Rangpur correspond to exceptional
specialization in the growing of tobacco. This specialization em-
ployed on the basis of favourable physical conditions, the economic
pull generated by the location of cigarette factories in the nearby
town, and the social factor - a sense of commerc;e that developed
among the farmers which led them to adopt a diversified cropping
patter.n»\rather than retain the monoculture of rice so common to
other areas,

The‘ commercial attitude is even more common among the
farmers of Munshiganj, Tongibari and Sirajdikhan thanas of Dacca.
This area is historically famous for growing vegetables and hosti-
cultural commodities to supply the nearby capital cities, Now the

area has also become famous for its potato growing, More than
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half of the potato supply of Bangladesh comes from this area. The
proximity of the largest urban centre, suitable land and soils,

better use of inputs such as irrigation, fertilizers, storage facilities
and above all the age-old socio-cultural background of the farmers
helped it to become the most productive agricultural area of Bangla-
desh. The positive residuals of Fatulla, Narayanganj, Tejgaon,
Savar, Singair are associated with higher croppi.l;xg intensity, better
irrigation and fertilization, relatively higher percentages of cropped
area under high yielding variety of TRRI boro and boro rice, and
above all their promiximity to Dacca, the metropolis of Bangladesh,

The residuals of Baghaichhaxli and Langadu of Chittagong
Hill Tracts district may be explai.neci by their higher percentages of
cropped area under IRRI boro and boro, the two high yielding vari-
eties of irrigated rice. The area is uniquely suited to the product-
ion of these crops because of the abundance of irriéation water supp-
lied from the nearby Kaptal Lake,

The analysis of trend surface maps suggests that Bangla-
desh agriculture is still predominantly of a subsistence nature, Its
cropland productivity patterns are shaped primarily by the distri-
bution of rainfall and employment of farm labour. However, a few
exceptional areas revealed a strong commercial orientation, parti-

cularly in the growing of crops of the cool-dry season that need

-
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irrigation and absorb more labour.

However, the systematic and non-systematic spatial patt-
erns of cropland productivity can be explained not ohly by the ex-
ternal physico-socio-cultural factors but also by individual crops
in terms of their acreage and yield as well by cropping intensity,
The forthcoming chapter will examine the relative importance of

these variables that contributed to the variations of cropland prod-

uctivity in Bangladesh.
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CHAPTER 5

ROLE OF CROPS IN CROPLAND PRODUCTIVITY: A STEPWISE

REGRESSION ANALYSIS:

- According to the final objective of the study, this chapter
will examine the role of cropping intensity and the relative contri-
bution of various crops in terms of théir acreage under each crop
and their yields on the spatial variability of cropland productivity
in Ba..nglaﬁesh. Within the prevailing set of physical, socio-economic,
technological and organizational conditions the acreage and yields of
various crops as well as the intensity of cropping ;hould have a
direct influence on the spatial variability of the cropland porducti-
vity index. In order to measure the influence a stepwise regress-
ion procedure was employed. The regression model had a total of
24 variables, of which VARI, the dependent variable, was the
cropland productivity index, VAR2 - V.A.I{l2 were the percentage
of acreage under the selected eleven crops, \VAR13 - VAR,; were
the yields of these crops, expressed as percentages of the national
average for each of the selected crops, and VARj4 was the cropping
intensity index,

The results of the stepwise regression analysis are

illustrated in Table 5.2, A correlation matrix Table (5.1) also
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Table 5.2 Summary Table of Stepwise Regression for Cropland Productivity
(VAR,) in Bangladesh,

Partial Partial

Step Variable entered the Correlation Regression Multiple Increased
No. Equation Coefficient. Coefficient R R2 in R2 - F-Value  Prob > F
Y -Intercept 4,514

I VAR, ~Cropping Intensity  gq 50 0. 6769 58,57% 34.31%  34,31% 2087.22  0.0001
2 VAR 1 6—Aman Yield 62.22% 0.0049 77.30%  59.75% 25, 449, 360.01 0. 0001
3 VAR7 -Potato Acreage 51,35% ‘ 0.0409 83, 889% 70.36% 10, 619 527. 24 0.0001
4 VAR, -IRRI Boro Acreage 52.22% 0.0160 88.57%  78.44% 8.09% 266.76 0.0001
5 VAR, -Boro Acreage 41. 81% 0. 0069 90.67% 82.21% 3.76% 157. 05 0.0001
6 VAR 13-Aus Yield 44, 48% 0.0020 92.59%  85.73% 3, 52% . 151.85 0.00Q1
7 VAR 1 I-Sugar-cane Acreage 42.07% 0.0234 93.94%  88.25% 2,52% 308, 82 0. 0001
8 VAR8 -Pulses Acreage -45,01% -0. 0062 95, 20% 90. 63% 2.38% 18. 79 0. 0001
9 VAR lz-Tobacco Acreage 47.06% 0.0182 96.28% 92.70% 2. 08% 148,33 0. 0001

10 VAR; -Aman Acreage 31.98% 0.0028 96.67%  93.45% 0. 75% 34,73 0. 0001

11 VAR, g-Potato Yield 20.95% 0. 0005 96.82%  93.74% 0.28% 21.66  0.0001

12 VAR, -Tute Yield  15,139% 0.0003 96.89%  93.88%  0.15% 9.58  0.0021

13 VAR 15~IRRI Boro Yield 13.45% 0.0003 96.95%  93.99% 0.12% 8.77 0.0033

14 VAR, -Aus Acreage 12, 02% 0.0013 96.99%  94.08% 0. 08% 5.79 0.0166

6L
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is presented here to show intercorrelations between the variables
within the model. The summary Table (5.2) of stepwise regression
shows that out of 23 independent variables, 13 have emerged as
significantly important at the 99% level and one was significant
at the 95% level. The first nine variables, in order of importance,
cropping intensity, aman yield, potato acreage, TRRI boro acreage,
boro acreage, aus yield, sugar-cane acreage, pulses acreage and
tobacco acreage are responsible for 92,70% of the variation in
cropland productivity, Out of these nine wvariables, the first four
explain almost 78.45% of the variation in cropland productivity. Out
of the 14 significant variables, the last 5 are responsible for only
1,38% of variation in productivity, The relationship between the
spatial variability of cropland productivity and the independent
variables are expressed in the following regression equation:

Log Yyar; = 4.514 + 0. 6769(VAR24) + O.OO49(VAR16) +

0.0409 (VAR.) + 0.0160 (VAR,) + 0.0069 (VAR3) +

0.0020 (VAR13) + 0.0234 (VAR,,) - 0.0062 (VARg) +

11
0.0182 (VAR 5) + 0.0028 (VARS) + 0,0005 (VAR18) +

0. 0003 (VARZI) + 0.0003 (VARIS) + 0.0013 (V'ARZ).

Cropping intensity is the most important independent
variable. [t explains 34.31% of the total wvairation in cropland

productivity, The positive regression coefficient (0,6769) with the
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highest F-wvalue of 2087.22 reflects its importance in increasing
productivity of cropland. Spatial distribution of cropping intensity
index (Fig. 5.1) reveals that, except for a few areas the patterns
are closely associated with the patter.ﬁs of productivity. The few .
areas with low cropping intensity that have a relatively high croptland
productivity may be explained by their high percentage of acreage
under the high yielding boro and TRRI boro (such as the Sylhet-
Kishoregonj Haor (depréssion) area), )

The second most significant variable (VAR16) added to
the eqﬁation is the percentage yield of aman rice. Aman is the
main rjce crop, grown fvidely in Bangladesh, The yield of this
crop explains 25,44% of the variation in cropland productivity,
whereas the percentage of acreage in aman (VARS) although signi-
ficant, provides‘-a very low level of explanation (0.75%). The
correlation matrix (Table 5,.,1) shows 'a moderate negative relation-
ship between the ‘a.creage of aman and cropland productivity. This
results because the large acreage associated with aman combined
with its relatively low yields, rﬂake aman a relatively low value
per acre crop (Fig, 5.2 and 5,3), However, by taking into account
the effects of the variation of boro acreage, cropping intensity, aman
yield, potato acreage and IRRI boro acreage, the negative associat-

ion between cropland productivity and aman acreage has disappeared.
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This may be explained with the observed pattern of correlations:
all the above variables have a negative association with aman
acreage. When the correlations of these variables with aman
acreage were removed by polynomial stepwise regression, the
negative correlation between aman acreage and cropland producti-

vity was lost (R15'2416743 = 0,3198)

Pot;a.to acreage has emerged as the third most significant
variable which explains about 10,61% of the spatial variation in crop-
land productivity, The yield of potato (VARIS) also was significant,
with an explanation of 0,28%. Tﬁe total acreage under potato is
relativel;y 1ow,‘ but it is grown in all the districts of Bangladesh
(Fig. 5.4). The use of high yielding varieties of seeds, applicat-
ion of chemical fertilizers and irrigation made it possible to in-
crease potato yields considerably in recent years. The present
level of production by value (Fig, 5.5) exceeds the level of acreage
under potato,

The fourth important variable (VAR4; is the acreage of
IRRI boro which explains about 8.09% of the spatial variation in
cropland productivity. Its yields also appeared to be significant
although with a low explanation of 0,12%., This is a high yielding

variety of hybrid rice which requires the optimum combination of

three important inputs - irrigation, fertilizers and pesticides., 1f
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all three inputs are available, the IRRI boro provides two to four
times the yield of indigenous rice. High concentration of.this rice
in the eastern part of the country is due to the availability of irri-
gation water (Fig. 5.6 and 5.7).

Boro ac;reage was the fifth ranking significant Vvariable,
explaining 3,76% of the spaf:ia.l variation in cropland productivity.
Boro is closely associated with TRRI boro (Table 5.1), for both crops
are grown in similar physical and technological conditions. This in-
digenous rice gives the highest yield per un.it area among all other
traditional rices., Since its yield depends mostly on the availability
of watei; and most of the western districts can't provide it adequately,
the concentration —of boro is also high in the eastern part of the
country (Figs. 5.8 and 5.9).

The next important variable that has emerged as signifi-
cant is the aus yield (VAR,3). Tt explains about 3.52% of the
spatial variation in cropland productivity. Its acreage (VARZ)
has come out as the Tast significant (< = 95%) variable, explain-
ing only 0,08% of the spatial variation in cropland productivity,

After aman, aus is the second most important rice crop grown
in Bangladesh (Figs. 5. ld and 5,11), but the yield of this rice is
the lowest.

The sugar-cane acreage has appeared as the seventh
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ranking significant variable which explains about 2.52% of the
spatial variation in cropland productivity. The yield of sugar-

cane (VAR,,) has a low negative influence in productivity which

22
however, did not come out as significant. The concentration of
sugar-cane acreage is mostly in Dinajpur, Ra jshahi and Kushtia
districts. The thanas of high cropland productivity in these districts
show a close association only with the higher sugar-cane acreage.
The eighth ranking variable is the acreage under pulses.
This is the omnly significant variable that is negatively regressed
with cropland productivity. It explains about 2.38% of the spatial
variation in cropland productivity, Pulses of various kinds are
mostly concentrated in the western districts of Jessore, Kushtia
and Rajshahi, Central districts of Faridpur, Tangail, Mymenshingh,
Pabna and Bogra. Yields of these crops are very low due to poor
cultivation practices and lack of moisture in the soils. The yield
of pulses (VAng) has no significant influence on productivity,
Acreage under tobacco, the ninth ranking significant vari-
able, explains 2, 08% of the spatial variation in cropland productivity.
Higher acreage of tobacco is concentrated mainly in the Rangpur
district, The thanas of higher productivity are found very closely
associated with higher tobacco acreage. This is because of its

very high market value. However, its yield (VAR23) does not have

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

any influence on cropland productivity.
Jute acreage did not show up as a significant variable.

However, Jute yield (VAR,,) has a very low level of influence on

21
cropland productivity. Although the main jute growing areas are
within the belt of high cropland productivity its acreage did not in-
fluence the cropland productivity index because other more import-
ant high yielding crops obscured it (Figs. 5.12 and 5, 13).

Among all the crops in the model, mustard and wheat
are identified as the least significant crops. Neither by acreage
nor by yieldsv could they influence the cropla.na productivity of
Ba.ngl_a.desh. However, —the correlation matrix (Table 5.1) shows
that both crops, in terms of their acreage, have a negative corre-
lation with cropland productivity. 1In terms of yield (VA£117 and
VARZO)’ wheat reveals a negative and mustard shows a low positive
association with cropland productivity, Due to poor farm practices,
inadequate water supply, lack of fertilizer and high yielding seed
use, the yields of mustard are very poor. For the same reason,
all wheat, including the recently introduced high yielding Mexican
varieties, give poor yields.,

In summa.ry,v it may be concluded that cropping intensity

alone explains about 34,31% of the spatial variation in cropland

productivity, Out of eleven crops, eight explain, with their acre-
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age, about 30,.27% of the spatial variation in cropland productivity,
whereas five crops explain, with their yields, another 29.51% of
that variation. Most of the crops which have emerged as signifi-
cant in terms of their acreage are of the dry rabi type - grown
and harvested in cool dry season (such as high yielding irrigated
IRRI boro, boro and potato, and the low yielding pulses, tobacco
and sugar-cane, The crops found significant in terms of their
yields are mainly the wet Kharif type - grown most widely and
nourished in the monsoon season (notably aman, aus and jute, the

three most important crops).
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CHAPTER 6

CONCLUSIONS

Agriculture in Bangladesh is inherently poor and stag-
nant, The age-old method of farm practices, dependence on the
mercy of the monsoon ré.ins, subsistence ~oriented production, rice
monoculture, poverty of farmers, inadequate physical and institut-
ional infra-structure, very low level of technology, low absorption
and supply of high productivity inputs, all combine to constitute
backward agricultural system. TUntil the mid-1960's, no basic
efforts were made for agricultural advancement. A few initiat-
ives however, were undertaken in the mid-~1960's, but the impact
of these programs was quite limited due to the lack of adequate
supply of basic inputs., Although a slight increase in growth rates
was recorded over the periods, it was behind the rate of growth
of population. Indeed this view of stagnant Bangladesh agriculture
also came to light in the present study of cropland productivity.

This study was mainly concerned with the measurement
of the ;:ropland productivity index for a.ll‘ the 411 thanas of Bangla-
desh. It involved the interpretations of spatial patterns that emerged,

and the evaluation and identification of the influence of cropping in-

tensity and the relative acreage and yield, of various crops on crop-
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land productivity within the prevailing set of physical and socio-
economic conditions.

The general distribution of indices reflected a very low
cropland productivity per acre of land, with a national mean of
only Rs., 808.92 ($170.00 US), which is one of the lowest in under-
developed countries (Alamgir 1975). This frequency dist-
ribution of indices showed that, out of 411 thanas, 221 (54%) were
found to have a productivity of less than the national average
(Rs., 800.00 per acre), another 181 (44%) appeared to have a prod-
uctivity in the Rs, 800,00 - 1400.‘00 range, Wh‘ic}‘l is just a.b-ove the
national average. Only three thanas have productivity per acre over
Rs., 2000, 00, of which only one is abov‘e Rs. 2.500.00 (Tongibari of
Dacca - Rs. 3583, 04).

Spatial patterns of cropland productivity were employed
using trend surface mapping technique., The results of the analysis
of systematic regional patterns.clearly revealed the country's sub-
sigtence-oriented crop production pattern. Comparative analysis
of the best fitted trend surface p;tterns of monsoon and pre-
monsoon rainfall, the intensity of labour employed and the distri-
bution patterns of owner-operated farms with productivity trend
surface patterns showed a very close areal association which strong-

ly indicated their major role in shaping the structure of cropland
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productivity in Bangladesh. The maps of residuals revealed a
general low productivity pattern throughout the whole country ex-
cept for a few highly productive areas. These areas are excep.tion-
al because of their specialization in any one of the high value or
high-yielding crops, such as tobacco, sugar-cane, potato, TRRI
boro or boro.

The analysis of the influence of crops and cropping in-
tensity on the spatial variation of cropland productivity was accom-
plished using the stepwise regression procedure. The results show-
ed that among all the 23 independent variables, cropping intensity
played the most; important role in explaining cropland productivity.
Aman, aus and jute, the vthree rain-fed mousoon crops, emerged
significant in terms of their yields, but their acreages provided
a very low level of explanation. On the other hand, the irrigated
rice crops IRRI boro and boro, - potato, tobacco and sugar-cane
were significant in terms of their acreage. Pulses acreage was
the only variable with a significant negative relationship to crop-
land productivity., Mustard and wheat neither by their acreage
nor by yields were of significant relationship.

The major findings of this study are:

1, Cropland productivity in Bangladesh is low, except

for a few relatively highly productive thanas of Dacca, Rangpur
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and Chittagong Hill Tracts districts.,

2. Analysis of spatial patterns reveals a gradient in
cropland productivity from higher values in the east to the lower
values in the west, The gradient has a close areal association with
tize monsoon and pre-monsoon rainfall distribution patterns, labour
intensity patterns and with the percentage distribution of owner-
operated farms. This suggests that crop cultivation in Bangladesh
is still mainly dependent on the mercy of rainfall. The eastern
parts get more water from both the monsoon and the pre-monsoon
rainfall than the western parts, and ultimately provide a higher
.cropping intensity and higher cropland productivity.

The density of agricultural labour force has an even
closer association with cropland productivity, Traditional culti-
vation of aman and aus does not require as much labour as the
cultivation of IRR1 boro, boro, potato, tobacco, sugar-cane and
jute, The latter crops are concentrated mostly in the eastern
part of Bangladesh. Moreover, the small owner-operated farms
associated with dense population of the east are intensively and
carefully cultivated and their cropping patterns more diversified
than the tenant or share-cropper operated farms in the west,

Thus all three factors are concentrated in the eastern part and

ultimately make this part relatively more developed in agriculture
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than the western partof the country. Special attention to water
resources development programs and the supply of necessary
inputs and extension services are needed for the less productive
areas,

3. Cropping intensity is the most important factor in
increasing land productivif:y. In a country like Bangladesh where
cultivable land is limited, priority should be given to bring more
land under multiple cropping and hence to increase crop production.
For this purpose however, there is the problem of crop selection:
which crops should be given priority for cultivation. Aman, aus
and jute, the three main crops, show strong positive correlation in
terms of yie.lds, but weak and low correlation in terms of acreage.
The cultivation of these crops without benefit of flood control and
drainage and the failur‘e to introduce improved seeds and fertilizers
on an;r scale account for the absence of any appreciable increase
in their yields (Dutt, et al, 1973). The poor performance of aus
and aman, and the uncertain future market for jute need careful
investigation as to whether improvements are warranted in the
cultivation of these crops., The significant yield relationships with
cropland produc.tivity however, suggest\ that with improved farm
practice.s and proper care these crops may give very good yields,

However, vast areas under these crops may not be warranted,
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The other significant crops that show good performance
are TRRI boro, boro and potato. Sugar-cane and tobacco are also
found significant by their acreage. These crops need more careful
attention and proper application of water, fertilizer and pesticides,
The yields of sugar-cane and tobacco are low, but by value they
are.important cash crops. However, by increasing acreage under
these crops, the cropland productivity and thus income per acre
can be raised to a higher level. With le.s.s‘water and fertilizers
potato can grow in many parts of Bangladesh., It gives at least
ten times higher yield in weight than rice and a five tirl;xes higher
per acre monetary returns. This high calorie food should take a
more important place in the Bangalee diet, and save the hard-
earned foreign exchange spent on foodgrain imports. Incentives
should be give.ﬁ to the farmers to grow more potato and for con-
sumers to enjoy it more in the daily diet, Since pulses and oil-
seeds are essential for protein, mustard and pulses need more
improvements in their cultivation.

This study is limited in scope to the Thana data available
for only one year. Clearly, since the production of different crops
fluctuates from year to year due to natural and man-made hazards,
a mean value generated from several years' data would have pro-

vided a more precise measure of the productivity of various crops.
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Moreover, the inclusion of other crops as well as their by-products
at the farm level would have provided a comprehensive assessment
of cropland productivity. Perhaps a followup study could be made
with these requirements, when such data become available.

This study reveals that the age-old method of cultivation
and farm practices hamper. the improvement of cropland product-
ivity, TImproved farm practices or modernization is needed to in-
crease the production of crops. However, this requires further
investigation at the farm level in order to learn how various crops
are grown and how the old farming practices affect cropland prod-
uctivity.

Finally, it is hoped that the findings, especially the identi-
fication of areas where specific cropped acreage, crop yields, and
cropping intensity have direct relationship to cropland productivity,

would be of use to government decision making in Bangladesh.
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APPENDIX - A

Name of the Thanas under each District, and their respective
numbers as used in the Study.

Thana Name Thans Name
No. Dinajpur District No.
1. Kotwali _ 43, Rawmari
2. Birol. - 44, Bhurungamari
3. Bochagon} 45, Nageshwari
4, ‘Keharole 46. Lalmonirhat
5. Birgan] 4T, Fulbari
6. Khanshama 43. Nilphamari
T. Chirirbandar 49. Saidpur
8. Parbatipur 50. Dimla
9. Phulbeari 51. Domar
10. Nawabgonj gg‘ g?éggikanj
11. ‘ Hakimpur ) Bozra Diggrict
12. Ghoraghat 54 Pancfbibi
13. Thakurgaon 55' To Grhat
14, Pirgon]j 82 Kh?glal
15. Haripur :
; . 57. Adamdighi
16, Ranisankail :
; 58. Dubchanchia
17. Baliadangi Kahal
18. Atwari 29 ahalu
60. Bogra
19. fetulia 61 Gabtaeli
20. gagchagarh 62. . Shibgon ]
21, oda ‘ .
22, Debigon] SZ' gﬁiiaﬁindl
Rangpur District 65. Dhungt
SZ' gg:ﬂ?éi 66: Nandigram
5. Gangchara Rajshahi District
26, Mithapukur 67. goilia
27. Pirgonj 68. aba
28, Pirggcha 69. Tanore
29 Badargonj 70. Mohanpur
30, Kaligon}j 71. Bagmara
31. Hatibanda 72. Durgapur
32. Patgram 73. Puthis
33. Gaibandha T4. Godagari
34. Palshbari 75. Charghat
gg. gﬁbigagonj T76. MNawabganj
. aghata
37. Sundargonj ;g‘ gﬁgig?it
38. Sadullapur 79' Shibgon ]
39. Fulchari 80. Gomagiapur
40, Kurigram 81. Porsha
4L. Ulipur 82. Naogaon
42. Chilmari 83. Badalgacni
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Continued...

Thana

No.
84,
85.
86.
87.
88.
89.
90.
91

g2.
93.
94.
95.

Name

Niamatpur
Manda
Mahadebpur
Atrai
Raninagar
Damoirhat
Patnitala
Natore
Bagatipara
Lalpur
Baraigram
Gurudaspur
Singra

Pabna District

Pabna
Atgharia
Ishurdi

Chatmohear
Feridpur
Sunthia
Bera
Sujanagar
Sirajganj
Kazipur
Raigon]
Tarash
Ullapara
Kamarkhond
Belkuchi
Chouhali
Shazadpur

Kushtia District

Kushtia
Xhoksha
Kumarkhali

Mirpur

Bheramara
Daulatpur
Chuadanga
Alamdanga
Damurhuda
Jibannagar
Meherpur
Gangni

Jegsore District

Kotwali
Sharsha
Jdhikargacha
Avoynagar
Bagherparsa

108

Thana
No.
131.
132.
1330
134.
135.
136.
137.
138.
139,
140.
141.
1l42.
143,
144,

145.

146.
14‘7-
148.
1l49.
150.
151. -
152.
153.
154.
155.
156.
157.
158.
1590
160.
161.
162.
163.
164.
165.
166.
167.

168.
169.
170.
171.
172,
173.
174.
175.
176 .
177.
173.

Name

Yanirampur
Keshabpur
Jhenaidah
Shailkupa
Harinakunda
Kaligon}]
Coat Chandpur
Maheshpur
Magura
Sreerampur
Shalika
Mohammadpur
Narail
Kelia

Lohagara

Khulna District

Khulna
Batiaghata
Daulatpur
Fultala
Terokhade
Dumuria
Dacope
Paikgacha
Bagherhat
Fakirhat
Mollzahat
Kachua
Sarankhola
Rampal
Morrelgon]
Satkhira
Kalaroa
Kaligon]
Tala
Debhata
Assasuni
Saymnagar

Barisal District

Kotwali
Jhalakathi
Rajapur
Nalchity
Bakergon]
Charamaddi
Gournadi
Ujirpur
Babugon]
Muladi
Hizla
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- Continned...

Thana
No.
179,
180.
181.
182.
183,
184,
185.
186.
187.
188.
189.
190.
19l.
192.
193, .

194.
135,
196.
197.
198.
199.
200.
201.
202.
203,

204,
205.
206.
207,
208.
209.
210.
211.
212,
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224,

109

Vame

Mehendigon}j
Pirojpur
Swarupkathi
Banaripara
Nazirpur
Bhandaria
Kathalia
Mathbaria
Kowkhali
Bhola
Daulatkhan

" Borhanuddin

Tajmuddin
Lalmohan
Charfession

Patuakhali District

Patuakhali
Bauphal
Galachipa
Mirzagon]
Barguna
Amtali
Bamna
Patharghata
Betagi
Khepupara

Faridpur District

Kotwali
Char Bhadrashan
Sadarpur
Bhanga
Nagarkanda
Alfadanga
Boalmari
Rajbari
Goalunaghat
Pangsha
Beliakandi
Muksudpur
Gopelgonj
Kotwalipara
Kasiani
Rajoir
Kalkini
Goshairhat
Bhedergonj
Naria
Janjirsa

Thana
No,
225.
226.
227.

228.
229 .
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243,
244,
2450
246,
247.
248.
249.
250.
251.
252.
253,
254.
255.
256,
257.

258.
259.
260.

261.
2620
263.
264"
265,
266.
267.
268,

Name

Madaripur
Shibchar
Palong

Dacca District
Tejgaon
Keranigon]
Nawabgonj
Dohar
Sreepur
Kapasia
Kaligon]
Joydebpur
Savar
Dhamrai
Kaliekair
Munshigonj
Louhajang
Srinagar
Sirajdikhan
Tongibari
Gazaria
Vanikgon]j
Saturiea
Singair
Harirampur
Shibalaya
Daulatpur
Gheor
Nerayangon]
Araihazar
Rupgonj
Baiderbazar
Fatulla
Narshingdi

Raipura
Shibpur
Moxnohardi

Tangail District

Tangail
Basail

Ghatail

Kalihati
Nagarpur
Mirzapur
Gopalpur
Madhupur
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Continued....

Thansa Name Thana Name
No. No.

YMyvmenshingh District 314. Balagonj
269. Kotwali 315. Tajpur
270. Vuktagacha 316. Biswamath
271. Fulbaria 317. Fenchugen]
272. Trishal 318. Gopalgonj]
273. Bhaluka 319. Jaintiapur
274. Gaffargaon 320. Kanzighat
275. Nandail 321. Zakigonj
276. . Ishwargon] 322. Beanibazar
277. Gouripur 323, Habigonj
278. Phulpur 324. liadhabpur
279. Haluaghet 325. Chunarughat
280. . Jamalpur 326. Bahubal
281. Islampur 327. Baniachang
282. Sherpur 328. Nabigonj
2873. Sreebordi 329. Lakhai
284. Sarishabari 330. Ajmirigon}
285. Nalitavari 331, Sunamgonj
236. Nakhla 332. Chhatak
287. " Melandah 333, Jagannathpur
288. Madargonj 334. Tahirpur
289. Dewangon] 335, " Dharmapasha

. 336. Derai

Klsboregonj District 337, Sulla
290. Kishoregon} 338 Jamalgonj
291. Hussainpur * by ulasg Bazar
292, Pakundia 339. ot o
293, Karimgon] 348' Kiianag
294, Tarail S4l. S aura a1
295, Bajitpur 242. - Sreenongs
296. Kuliarchar 243. Bamii%gnJ
297. Kathiadia 344. ar a
298. Austogram Comilla District
299. Bhairab 345, Chandina
300. Nikli 346. Debiddar
301. Itna 347. Muradnagar
302. Netrokonsa 348, Daudkandi
303, Purbadhola 349, Homna
304. Durgapur 350. Kotwali
305, Berhatta 351. Burichong
306. Mohangonj 352, Chouddagram
307. Atpara 353, Laksam
308. Kendue 354, Barura
309. Raliajuri 355. Chandpur
310. Madan 356, Faridgonj
311. Kalmakanda 357, Matlab Eazar

Sylhet District 358, Hajigon]
312, Kotwali 359. Xachua
313. Gowainghat 260. Brahmanbaria
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Continued...

Thana
No.
361.
362.
363.
364.
365.

366.
367.
368.
369.

370.
371.
372,
373
374.
375,
376.
377,
378.

379.
380.
381.
382.
383.
384,
385 .
386.
387.
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Name Thana
No.
Sarail 88.
Nasirnagar 589.
Nzbinagar 390.
Kasba 361.
Rancharanpur 392.
Noakhali District393.
Sudharam 294.
Companigonj 395.
Hatiya 396.
Ramgati 397.
: 398,
Lakshmipur 399
Raipur *
- Begumgon]j
Senbag 288'
Ramgon] 402.
Feni 403
Sonagazi 404'
Chhagalnaiya 405'
Parsuram 406:
Chittagong Dist. 407.
Doublemooring 4C8.
Panchlaish 409.
Hathazari 410,
Sandwip 411.
Mirsarai
Sitakundu
Fatikchhari
Raojan
Rangunia

Mame

Anwara
Banskhali
Boalkhali
Patiya
Satkania
Cox's Bazar
Chakaria
Kutukdia
Ramu
Moishkhali
Teknaaf
Ukhiya

Chittagonz Hill Tracts

Rangamati
Chandraghona
Subalong
Baghaichhari
Langadu
Ramgarh
Khagrachhari
Dighinala
Ruma

Lama
Nakhyongchhari
Bandarban
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APPENDIX - A.l

Productivity per acre, Total cropped erea (acre) , Total
production (in Maund ), Total value of production, Percentage
of acreage and yield as percent of national average of selected

11 crops by Thana.

Crops should be read in the following sequence:
Aus, boro, IRRI boro, aman, wheat, potato, pulses,

rape and mustard, jute, sugar-cene and tobacco.
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34.94 63.106 127. 13 lo. 77 100,99

DAMO THHAT

PROUDUCTIVITY PER ACHL= 561419 TYOTAL CRUPPEL ARLA=
PERCENT OF I10TAL CROPPLD AREA:Z

13.72 2.064 0.39 71.80 0.53
YILLD AS PERCENTY OF HATIUNAL AVERAGE:

113,25 wu.90 88.99 Hae 4 67.32
PATNITALA

PHODUCTIVITY PER ACRE= 542.54 TOTAL CRUPPEC ARLA=
PERCENT OF TUYAL CROPPED AREA:Z

ti.u13 0.92 0.30 40, 44 0.25
YILLD A% PERCENY UF NATIUNAL AVERAGE:

H4 .94 04,90 76.28 92.12 118.30

NATORE

PRODUCTIVITY PER ACRE= $73.50 VYOTAL CROPPEC AREA=
PERCENT OF TOTAL CRROPPED AREA:

10,07 4.40 1.47 65.57 2.063
Y1ELD AS PERCENY OF NATIONAL AVERAGE:

94.37 cld.90 88.99 69,09 204 .86

UGAGATIPARA

PUOBUCTIVITY PER ACRES1109.35 TOTAL CROPPEL AREA=
PERCENT OF TOTVAL CROPPED AKREA:R

1T7.49 3.82 0.34 0. 78 3.05
YIELD AS PERCENY OF NATJONAL AVEHAGE;

103.41 40. 39 76.28 16.77 $31.76

LALPUR

PRODUCTIVITY PER ACRL= 78l.48 TOYAL CRUOPPEC AREA=
PEHCENT GF TOTAL CROPPED AREAS

35. 86 1.69 0.16 27.34 §37
YIELD AS PERCENT OF NATIUNAL AVERAGE:?

94.37 68.490 0.0 16. 77 Bbe50
BARALGIIAM

PRODUCTIVITY PER ACRE= 649,66 TOTAL CRUPPEL AREA=
PERCENT OF TOTAL CROPPED AREAZ

25.67 2.24 0.19 44,506 4.44
YIELD AS PERCENT OF NATIONAL AVERAGE:
139.85 4. 45

103.41 LY. 90 110.40

GURUDASPUR

PRIODUCTIVITY PER ACRE= 543.54 TOTAL CRUPPED AREA=
PERCENT OF TOTAL CROMPED AREA:

16.25 2.31 0.13 66,32 4.8
YIELD AS PERCENRY OF NATIUNAL AVERAGE:
113.25 Hoeld 101.71 92.12 117.34

SINGIIA

PRUDUCTIVITY PER ACHE= 549.40 TUTAL CROPPEC AREA=
PERCENT OF TOTAL CrROPPED AREAS

6.9 2.44 0.22 45.91 t.006
YIELD AS PENCENY OF MNATJONAL AVERAGE:

S2.89
6¢501.00

2.35

42.89
76076.00

1.09

95.21
992u3.00

0.60

79.34
40595.00

o.!u

74.0%
91464.00

0.04

47.60
63480.00

0.31

95.2)
§7863.00

0.15

74.05
10064%3,00

0.09

122440 108.16
TGIAL PRODUCT ION=

0.94 2.48

H0 .37 77.26
TCTAL FHCODUCTICN=

1.35 1.51

120.56 9z.171
TOTAL PRCODUCTION=

3.635 0.93

97 .60 122.61
TCTAL PRCOUCTION=

Tel06 0.79

109,00 123.€1
TCTAL PHCDUCTION=

10.22 0.8

80.37 92.17
TOYAL PRODUCTION=

4.19 2.60

80.37 123.€1
TCTAL PRODUCTICN=

4041 1.064

114.82 139.00
TCTAL PREDUCTICN=

1.82 €.39

131.82

1784984.00

1.31

18.75

1373928.00

0.76

41.09

3273205.00

6.21

122.40

T7416275.00

Te44

128.40

8030660.00

4.29

94.16

2855441.00

$5.97

119.84%

A19277.88

4.20

116.41

12266807.00

1.42

126,52 113.09

TOTAL VALUE N RUPEESS
3.82 0.04

110.7¢ 75.39

TOTAL VALUE IN RUPEES=

PN T 0.03

109, 6€ $0.26
TOTAL VALUE IN RUPEESS

3.7€ 0.04

12€.52 ar.90
TOTAL VALUE [N HUPEES=

29412 0.04

126.52 150.78
YOVYAL VALUE N RUPEES=

18459 0.0}

40.67 100.52
TOTAL VALUE IN RUPEES=

Se72 0.06

126,52 02.83
TOTAL VALUE IN RUPEES=

0,38 0.08

126,52 113.09
TOTAL VALUE IN HRUPEES=

0.03 0.0l

ZlBisule .0

3Lbevall.u0

441 38490L0,00

328719 3L.00

4uL24032.00

317&3a04.00

2LLH34 24 .00

4¢881920.00

(AN
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142.12 103,35 127.143 99, 80 uted?7
JHALAKATHI

PHUDUCT IVITY PER ACHL= 907.79 TOTAL CRUPPELC AREA=
PERCENT OF TNYTAL CRODPPLED AREA?Z

29.08 0.8 3.94 60.13 0.0}
YItL) AS PEHCENT OF NATJONAL AVEHAGES

J4.37 g1.487 114.42 2. 14 144,27
HRA SAPUR

PHUDUCTIVITY PER ACRE= SH.90 TYOYAL CROPPEC AREA=
PERCENT OF TOTAL CROPPED AREAZ

20,38 0.0 2.04 67.20 0.0
YIELD AS PEHRCENT OF WATJUNAL AVERAGE:

g4 .94 0,0 48,99 95. 906 0.0
NALCusLTY

PRODUCTIVITY PER ACRE= B064.44 TOYAL CROPPEC AREA=
PENCENT OF JOYAL CROPPLED AREA:

15.41 1.9 2470 74411 0.0}
YIELD AS PERCENT UF NATIUNAL AVERAGE:
113.29 68.90 uB.99 95419 81475

HAKEHGOH )

PHODUCTIVITY PER ACRE= T712.47 TOTAL CROPPEC AREA=
PERCENT OF TOTAL CROPPED AREA:

29.48 0. 15 2.14 63.51 0.00
YIELO AS PERCENT OF NATIUNAL AVERAGE:

132.12 BG.13 114.42 J4.43 96.18
CHARANADDI

PRODUCTIVITY PER ACRL= 9316.99 TOTAL CROPPEC AREA=
PENCENT OF TOYAL CROPPED AREA:

27.43 0.25 1.83 54.97 0.02
YILLD AS PERCENT UF RATJOUNAL AVERAGE?

113,28 97.61 101.71 107.48 115.41
GOURNRAD(

PRODUCTIVITY PER ACRE=S 814.75 TOTAL CHOPPEC AREA=
PERCENT OF TOYAL CROPPED AREA:

40.1% 0.24 1+74 44,78 0.03
YIEL:) AS PLRCENY OF NATIOHAL AVERAGES

103.01 L. 13 114.42 r6.77 112.53
UJitpur

PRODUCTIVITY PER ACRE=1119.22 TOTAL CROPPEL AREA=
PERCENS OF TOTAL CROPPED AREA:

37.11 0. 87 0.77 S1.92 0.01
YIELD AS PERCENY UF NATIUNAL AVERAGE:

169.47 97.6) 48.99 H9.02 120,22
sAauuLON)

PRUDUCTIVIYY PER ACRE= 977.48 TUTAL CROPPEC AKEA=
PERCENT OF TOTAL CROPPED AREA:Z

33.42 0.31 3.94 49.44 0.01%
YictD AS PERCENT UF NATJUNAL AVERAGE:

TAT AL PRCDUCT ION=

TCYAL PRCDUCTICN=

YCYAL FRCOUCTION=

TOTAL PRCOUCTION=

TCTAL PRCDUCTION=

TCYAL PRGOUCTIONS

TCTAL PHCDUCTION=

TGYAL PRCDUCTICN=

136.00 125.465
TOTAL VALUE IN RUPEES=

L.42 0.21

107.54 125,65
YOTAL VALULE IN RUPEESS

O.42 G.40

105.43 125.65

YOTAL VALUE IN RUPEES=

105,413 113.09
TATAL VALUE |N RUPEES=

0,50 0.26

115.917 128.65
JATAL VALUE [N RUPEELS=

0.34 0.40

84.34 125.6%
VTOYAL VYALUE IN RUPEES=

G.88 Q.16

101.2} $13.09

TOTAL VALUE IN RUPEES=

105.43 £13.09
TOTAL VALUE IN RUPELS=

2.4€ 0.46

ZIdYuiu4.00

1914490, 00

2332u224.00

Jiok7210.00

170404 32,00

424 16D 70600

47203392.00

271349120.00

¢eT
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)4.37 bbe 14 134,42 drle )2 115441

MUL AL

PRODUCTIVITY PER ACRE= U61.50 TOTAL CROPPEL AREA=
PERCENT OF TOTAL CROPPED AHEASR

24.31 Q.53 0.67 65,92 0.01
YIELD AS PERCENT UF HAVIONAL AVEKRAGES

103,41 68.90 114.42 U445 86,56

HIZLA

PRODUCTIVITY PER ACRE=1075.25 TOTAL CRUPPEL AREAS
PEHCENT OF TOTAL CROPPED AREAS

39.30 3.049 0.00 %0. 4G 0.01
YIELD AS PEHCENT OF NATIUNAL AVERAGE:

141 .00 T4.04 96.062 ad. 24 96.18

REHENDIGUN)

PRADUCTIVITY PER ACRLS 808.16 TOTAL CROPPEL AREA=
PERCENT OF TUOTAL CROPPLD AREA:Z

34,33 2604 0.47 5T7T.72 0.01
YIELD AS PERCENT OF NATJONAL AVERAGE:

113.2% 80.39 88.99 ad.2s8
PIHOJPUR

PRODUCTIVEITY PER ACRL= 661.06 TOTAL CROPPEC AREA=
PERCENT OF TOTAL CROPPED AREAS

6.30 . 17.09 0.02

120.22

14.24 Q.01
YIELD AS PERCENY UF NATIUNAL AVERAGES

da .94 91.87 10t.71 92.12 134.65

SWARUPKATHI

PRUDUCTIVITY PER ACRL= 8069.40 TVOTAL CRUPPED AREA=
PENCENT OF TOYAL CROPPED AREAZ

43.41 0.2) 0.83 53.23 0.00
YICLO AS PERCENY OF NATIONAL AVERAGES

103.481 68,90
BANARTP AHA

PRUNUCTIVITY PER ACRE=31073.25 TOTAL CROPPEC AREA=
PENCENT OF TUTAL CRUPPED AREAS

12.481 3.11 0.90 S54.38 0.0}
Y1ELY AS PERCENT UF HAT JONAL AVERAGE:

141.56 91.487 48.99 115.15 129. 84
NAZIHPUR

PRUODUCT IVITY PER ACRE= 6HT.31 TOTAL CROPPELC ARCA=
PEHCENT OF TOTAL CROSPED AREAZ .

10,31 1.87 1.50 $3.99 0.01
YIELD AS PEHCENT OF NATIUNAL AVERAGES

122.69 68,90 88.99 Toe. 77 115.418
BHANDARTA

PRODUCTIVITY PER ACRL= 684,35 TOTAL CROPPED AREA=S
PERCENT OF TOYAL CROPMPED AREAZ

15.49 0.12 3.54 78.57 0.01
YIELD AS PEHCENT UF NATIONAL AVERAGES

101.74 92.12 129.84

126 494
Tu226.00

0.07

132.213
82394 .00

0.07

105.7d
96227.00

0.08

95.21
53831.0C

0.28

116.36
60452.00

0.3

105.78
37144.00

0.67

100.50
66026.00

0.39

95%.21
32200.00

0.22

103,34 149,006
TCTYAL FRODUCTION=

234 0.18

S1.8L 10E.16

TCYAL PRCDUCTION=

Sl.86 108416
TOYAL PRECOUCYT ION=

1.09 G.15
]

103.34 123. €1
TCTAL PRLOUCTION=

1.05 Gel2

86412 108.156
TCTAL PRODUCTIONS

1406 0.05

80.37 123.61
TOTAL PRCOUCTION=

140 l1.€6

40,37 139.06

TCYAL PRCOUCTIGON=

80.37 T7.26
TGV AL PRODUCTION=

0.84 g.16

107.485
1L54022.00

3.43

126.68
1346240,00

3.40

106. 14
1507611 .00

3.1

133.53
840652.75

Q.04

95.0}
992032.44

G. 04

7533
793343.56

6.21

113.85
952892.00

3.03

98.44
522797.00

0.00

126,52 113,09

TOVAL VALUE IN RULPEES=
2430 0.24

106,48 100,52

TATAL VALUE N RUPEES=

0.64 0.21

107,54 113.09
FOTAL VALUE JN RUPEES=

c.8) 0.15

106.42 100,52
TATAL VALUE IN RUPEES=

0,33 0,48

137, 0¢ 113.09
VAYAL VALUE IN RUPEES=

0.66 0.38

142,66 125.6%
TOYAL VALUE [N RUPEES=

1.08 0.57

118,08 113.09
TOTAL VALUE [N RUPEES=

0.4¢ 0.36

126,52 125.05
YOTAL YALUE IN RUPEES=

G.50 0.50

J2Ll0008.00

420%3504.00

446423104400

22L%T472.00

2t73ulru2. 00

22779930.00

304 50416.00

10444703.00

veT
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122.09 9. U/ Hl.37 She Y0 11b.A1
CHARFE3SION

PRUDJCTIVITY PER ACHL= 546475 TOTAL CROPPELC ARCA=
PERCCENT OF TOYAL CROPPLED AREAZ

14.28 0.24 0.12 Hae 22 0.00
YICLO AS PERCENT OF NATIOUNAL AVERAGE:
107.48

111.25 T4a04 101.71 125.03

PATUAKHAL }

PRUDUCTIVITY PER ACHE= 552.69 TOTAL CROPPEC ARLA=
PEIRCENT OF TOYAL CROPPED AREA:

2,39 0.0 0.42 94.82 0.02
YILLY AS PERCENT OF NATIONAL AVERAGE?S

10.78 T4.L% 99.16 B84.48 8B.48
BAUPHAL

PRODUCTIVITY PER ACRE= 858.10 TOTAL CROUPPEC ARLA=
PERCENT NF TOTAL CRUPPED AREA:

.41 0.25 1«93 44. 38 0.00
YIELD AS PERCENT OF NATIONAL AVERAGE:
34.94 H0.39 1314.42 99. 80 S7.71
GAL ACHIPA

PRUDUCTIVITY PER ACRE= 546.09 TOYAL CROPPELC AIEA=
PENCENT OF TOTAL CROPPED AREAS

1a.48 1.32 0.43 .80.05 Q.01
YIELD AS PERCENT OF NATIONAL AVERAGE:

Y494 91.87 109,233 16.7T7 91.37

MIRZAGUNY

PRUDUCTIVITY PER ACRE= 644417 TOTAL CROPPEL ARLA=
PERCENT OF TOTYAL CROPPED AREAS

2377 0.04 1.50 - 73.92 g.00
YICLD AS PERCENT OF NATIUNAL AVERAGE:

103.81 6.1} 106.79 92.12 16.94
BARGUNA

PRODUCTIVITY PER ACRE= 718417 TATAL CROPPEC ARCA=
PERCENE OF TOYAL CROPPED AREA:

19.71 0.0 T7.20 78.90 0.02
YicLd AS PERCENT UF HATIUNAL AVERAGES

84,94 0.0 H8.99 92.12 16.94
AMTALL

PRODUCTIVITY PER ACRE= 625.94 TOTAL CROPPEC AREA=
PERCENT OF TUTAL CROPPED AREA:

8.10 o.12 3.05 86,62 .01
YIELD AS PERCENT UF NATTONAL AVEHAGES

4,37 9T.01 116.90 92,12 8b.56

HAMNHA

PRODUCTEIVEITY PLER ACKRL= S5b4.81 TOTAL CROPPEC ARLA=
PEHCENT DF TOYAL CROPPLED AREA:

4.89 0.19 3.89 83.07 0.01
YIELD AS PENCENT OF NATIONAL AVEHAGE:

211.57

9u$53.00

0.02

1059.78

61105.00

0.18

100.50

87312.00

0,02

95.21

162657.00

0.02

100.50

48702.00

o.o‘

79.34

T8646.00

0.05

95.21

$1333408.00

0.02

89.92

20445.00

0.15

9] .80 108.106

TCYAL PHRGUUCTION=

1.01 .03

91 .86 01.81

TCTAL PRCDUCTICN=

1.00 Q.41

103.34 77.26

TCYAL PRCOUCTICN=

l.gi a.lq
103,34 684.98
TOTAL PRGODUCTION=

1.64 C.10
103.34 84.98

TGTAL PRCOUCYION=

} 166 0.07
91 .86 77.26
TGTAL PRCDUCTION=
1.01 C.l)
91 .86 108.16
TOYAL PRCDUCTYION=
1.01 C.l13
57.060 84.98

TGTAL PRCOUCTION=

6.38 O.13

90.%0
1391 143.00

0.0

0.0

9877717.56

0.26

#9.08

12542351.00

0.97

72.76

1977876.00

0.49

98,44

645138.00

G.289

94. 6

1232340.00

Q.07

94.16

1969920.00

0.03

Sledo

231417.00

0.50

147.60 100.52
TOTAL VALUE IN RUPEES=

0.06 0,01

147.6C 100.52

TOTAL VALUE [N RUPEES=

€5.37 100.52
TOYAL VALUE IN RUPEES=

0.6 0.8

52471 87,96
VOTAL VALUE IN RUPEES=

8,61 0.45

73,80 100.52
TOYAL VALUE [N RUPEES=

Qe 4} 0,31

57.6$ 87.96
TOTAL VALUE IN RUPEES=

0.523 0.40

106.48 87.96
TOTAL VALUE IN RUPEES=

0.7 0,17

56.93 8l.67
TOTAL VALUE IN RUPEES=

0.0% 0.76

L2WcToW .00

L295610L0U.00

4506 E420u6.00

CL4d3u012. 00

23238072.,00

40034272.00

L7313344,00

8734058.00

9¢T



137

N0 ° YR IGY IDF

a0z anneee

00°2onez o5t

oo tvirrLtt

00°A0OLGLYY

onengncnan2

ao*roergrte

00°00PPCARr

oE°D oo
=533dNY NI INTYA TYI0L

€n°29 26°921

o£°o zZL°0
=S334NY NI INIAVYA IVi01L

60°Elt zs°9et

[LEAd)] cre
=5334nY N1 3NTvA tviol

9618 Z5°921

29°0 291
=$334NY NI 3INTYA ViDL

92°0S )9°tvl

02°0 L2
=$334nY N1 3INIVA 1viol

25001l ?2°E9

9zZ°0 to‘o
=S33J4NY N1 3NIVA Iviog

25°001 L1

5E°0 1e°z
=§334nNY N1 3INTIVA ViDL

96°Le 2¢°col

00°6 05°*2

=S3A34NY N1 INIVA TVL0L

a6s°La £1°g11

90°%1 L4 4 o1y
63°Zivnzy  =NOILDONODUY AYLDL

09°SR 91°801 68°0Y

LA Al [ 224 £L°s

00°22v9511 =NDI1L1DNODYd TIviOL

IXAFA L] z*Le e 08

11°6 £5°C co° 1y
Q0°89A%0® =NOILONOONd ViDL

B9°ZEl 9z°L2 £9° vl

18°t fo*t 199
Ve ISIELS =NDILDONADYD L0

£EL°96 9z*LL 09°215

S6°91 t9-2 gL 9
00°¥22E612 =NDILINUIYd IVLIOL

08°50 9zl 98° 16

10*0 21°0 *0°1
0S°1016ES  =NDILINUIYD IVLIIL

f0°68 1eeze6 °5° 021

LE°0 [ARd ] co°e
00°QRO0S601 =NIL1LON0JYI TvidL

ac*1s oz L Yy 16

vveo 05°0 (Y A ]
00°9G»281  =NOI112nADUd Vil

ne sn tezo LA n ]

£0°0

00* 22670

68°2%

v0° 0

00°95689

G0 v¢

60°0

00°2L¥Y9Y

05° 001

v1°0

oo*otze2

68°2S

ot o

00°scoGll

£9°vE

c¢0*0

00*9002S

t2*°so

s0° 0

o0 1avay

12° 56

ie*o

oo*2o0n

12°G6h

8°2
=¥IJHY

sL°iw

tve2
=VY3IHY

v6-9¢2

(11 J
=vY3YvY

ev gn

28°0
=v3yY

1e°16

€L°2

0°0
=YYy

SL*lg

to*o
=V IYY

LU Rt 7 4

v0°0

=ViIHY

agean

03ddu8d  tviod

03d4d0y¥d viol

I3d4d0HD  IVL0L

334JUHD  TViOL

¢3OVHIAY TIVNDILIYM 4D LTHADYIG SY O33R

211 62 °9F%

2YIUY OAJOND IVIO) JO INIDNII

=JYIY ¥ad ALTATIDNOOHA

YONVIHYOVYN
T4: A0 14 dE v

TIAVUIAY IVNOLAYH 40 ANIIHI4 SY 011X

H9 °0 gvcor

TYIUY QISJOUD IVAOL JO INIDINIY

=3IHIV HiId ALIALADNQONY

YONVYHN
ft*9g L

$3OVHIAY AYNNTIVYN 40 INIDHID SY 01314

s9*0 S0°6He

LY3YY O0Ida0YI IVINL IO INIOHIY

=3IV Y34 ALIALRDONADHG

HNdHvavs
LAl 2] ¥wheen

AYNOTLAYN 40 INIDYIA SY aIIIR

cL*0 v LY

$Y3YY QaddOY) Tvi0Q JU INIOMID

TIHIV YId ALTATIONOOU

NYHSYHOVIII HYHD
1926 1€°%hn

$IOVHIAY TIYNOLILYH 30 ENIIHIH SY €A

220 112

TYIHY OAGHOYD TVR0L SO INIIHIJ

=ANIY UI4 ALTATIIINAONI

1vRI0ON
00 90°99

IYNOTLRYN J40 INIDYAJ SY 0I31A

o°o 29°0

$YIUY QIAJMOND TYANL JO INIDUG
334404  IYI0L1  BE°SCY =aNIY HId ALIATISDNGOYG

YUY dNdIHHN
o0 90°*99

IYNDTAVYN 40 ANIDYIA SY O 1R

0°0 €9°0Z

SYIAHY QId30UD VANl J0 INIOHIA

="RIJY H3Id ALTIATLRDNAOHA

iovidn
c6°na Z29°0c

S IOV HIAY AYNNTIVN g0 IH3IHId SY QIA1A

12°0 66°61

SYIUY URJSOUD IVADS 40 ANIOUId

=ANIY MId R1TALIDNANNG

YiVYHOUYHIVY
nreon ARy o3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



138

on *00%R1AIS

00°H%620CIY

0N Nh210217

on*sRInaceLy

00°I96RC5 101

00N IERLYE

00*ICNELFES

oo°ccnnrze

(A4 ] tE°0
=SA34NY NI INIVA IViDL

61 °GL 1284 1]

6r°0 220
=53340H NI INTIVA IVIDL

96°L0 €6°€eS1

6Z°0 stz
=S33J4NY N1 INITVA “Tvi0L

a6°Le tsestt

SL°0 0z*t
=533dnY N1 anivA viol

oreeLr t5°511

ve*o 90°*4
=533dny N1 3nIvAa iviol

a6°Le 2stgzt

S°0 Lée2
=533dny NI 3InTvA tviot

829 gEv*sot

650 Jo°e
=S334NY¥ NI 3INTIVA 1Tviod

£€n*29 £5°est

95°1 ‘€S0
=SHIdWY HT INIVA Tviol

oLeLy gEvesol

[ A4 ozt 29°1
o0°*2Zaocivol =NHO112NnOOUd IVIDL

09°68 teee6 e° 08

66°11 69°1 £€5°2
00°*6EO0SIETY =NOIRDNUDYHI IVIDLR

S6°Zh1 1126 1£° 09

|er*ie ov*2 vGeg
00°212€E21 =NDI1DNQJYd TVIDL

vrcve Qz*tt 9g°* 16

L LA 1 4 ov*2 251
00° 2666515 =ND1L1DONOJYJ IYLDL

09°S9 18°19 98° 16

£9°9 00°? LE* 41
00°66S8E ¢ =NOILINODYY TVIOL

69°ce tL°26 2199

50°6 Le~t G6°9
00° V950012 =NOILDNQIYS ViDL

ov°p2t SE°IY 68°0Y

go*t [+ Ad % ve° 1t
00°REIE2EE =NJILIDNAIHY TviDL

ov ezt 92°t2 aT1°93

1428 60°¢ 210l
0G°Z00EL22Z =NOI1IJNUOND “Tvidl

tzeo¢c cE*ay -1°0v

200

po*gvzzel

iv¥°€9

10°0

00°SLe2tl

w2-501

6E°0

00°221%9

9c° 91}

£e*o

00°222501

YE° 6L

1teo

J0°22E82

9L°99

{45°0

o0 °B5EYA

eL°s01

S0°0

Joricrcel

aL*sot

91°0

oo°szent

Gy 92

2INVHIAY TIYNDIIVYH J0 1M30H3d SY 114
99°1 L1} 8t X1 60°0 1€£°0 1v°2t

$Y3UY QAo TVLIOL JO IN3FONId
=¥3HY JIJdUD  IVIOL 21°019 =4IV NOd ALIALIDNUOHS

runowao9
t4 B A cten rieezt 18°16 L4 1]

uuw<=m>< AVYNOSAYM 0 INIDHID SV 073T1A
961 L ey az*y RE*0 06 °Gf

2YIUY 0ISJOWD TTYLA0L IO INIONT
=Y3HY JIddNED  TYLIUL  2Z6°LSL =MDV HIAJ ALTATIDNOUMN

VNGNS HINK
cE*L9 126 2vevit weccot veTyn

2IADYHIAY IWWNOTILIVN J0 INIDIHIJ Sy 014
yr*°6 vyl 10°0 00°0 LGty

1Y3INY 03dJdOyd TYLOL J0 INDDNOI
=YIYvY IIJJOHD IYIDQ  16°629 =IHIY Y3d ALIATLONOOUY

. 1QNYIYE VY
b4l 1A 11 Al 1Y gzt el 20°9n
$3OVMIAY WNOITAYN 40 I1NIIYIJ SY (1D1A
¥Z°9 L1 : ] £1°0 29°0 920°G1

tVYIUY 03JUOYD Tylal S0 JHADNIDG
=Y3IHY J3ddOHD  TVINR  £I°6EL =3UIV H3d ALIAFLIDNOLND

YHSORNY
1€°16 2126 0°0 t1°98 LL 0 2]

$3OVYUIAY IYNOIAYN JO ANIDHIL SY OTA1A
v6°01l 842 0°0 ©o°01t 9€°9¢

tYIUY QIJdOYI IVANL SO INIOHIJ
=YIYY 0IJdOHD TYROL 8HL°*RTF =IUIV H3d AL1IATLINOUNY

. 1YHOYUNNTYOD
¥6°9¢ 226 cyevit seeeot v6°vn

$IOYHIAY IYNOILYN A0 INIDIHIL SY QI3IA
9€°6 yL°SE 62°0 G110 ne*cr

tVIHY QIddDYI IV10L S0 IN3IDHI
=Y3IHY I3ddOHD TYADL B2°£82 =IHDOY HId ALIATLDNAUNHA

ryvarvy
EA- ] v9°ro1 (A A A% n°16 0S5°5¢

$IDYYHIAY IYNDILIVN JO SNIDOHAJ SY CIFLA
26°8 29°v2 1 ] 10 [ A X4

SYIJUY QAJuNYI TIVAOL 0 JNIDHAL
=¥IYY IIASUND  IvLO0L L1°SZ9 =3IV HIAJ RRTATIIOUHS

Tuvywivon
"6 °9) *9 *C01 12°101 t1°99 v6°vR

$39VHIAY IYNNTLAVH It LHIDHId SvY OTHIA
€SV “0°1y b4 il 189°0 1v»°0p

tVYIHY 040D IviOLl S0 INM2ADHId
=VINVY 334dOHD  IVA0L CS°OARY =JHIV UId ALTATLDNONONHA

YOuVaY Ay
sLetu 19°00 12°to1t 06 "RY 05 °G5¢

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



139

aE°o 28°0
00°H%EILIHZ  =SAJdNY NI 3INTIYA vi0Q

26°L9 €y°sot

ci1°0 z2e*t
0n*Lri?02Z  =533dnY N1 INTIYA IVIDL

es°o0t JosLwl

50°0 1g°o
00°210aF19F  =S3JJNY NI INIVA 1vi0lL

96°L0 J0°LE}

BO*0 12t
NO°9h07%H%2  =53J4NY N1 INIVA Iviod

92°0S [ 184 2:}

2to nziy
0N 7L er2eaF  =SA3dnY NI INIYA IviD)

6E°SL yoeuct

22°0 J0°2
00°°C 1tnATE  =S23dnY NI INTIVA IYROL

926°19 yo*Let

oc*o ¥6°0
00*+AAGOZNE  =S3AdgnY NP INIVA vipl

€500t J2°¢c?

ar*o v0°0

00°7RACR LIS =Sa3gnY NI INTVA Iving

2%°001t tv°sot

t2°51 15°2 zteot
€9°0SYEE6 =NOILONAINd Y101

sac20t ezl s ot

62°01 19°2 LA R
¥5°8vZ056 =NOIL1DONOJYd ViDL

€24yt tLez6 v cot

2v*y (12l 4 95°9
00°*9RYIO VY =NDILDNOOHS TVIDL

09°5g 9zl 68° 89

vc 9 GL*o Lt
00°92€G208 =NOIL1DNOIYS IVIADL

8516 ta°to St°e9

Sv°9 oe*t so9° v
00°SBO00PRZ =NDILINOIM¥S IYIDL

oveget 12°26 09° 16

Zev=21 -1 A | L2 0 4
00°21C6091 =NOILDNUIYY IVIODL

Fo°tow L AR R LE® OV

90°S 96°2 E4Ak
00*222€EEY =NITL1ON0OINd IVLIIL

onceeyt 1°26 E5° Gy

SR°0 61°0 0S°0
00° 6OZNIET =NDILONOUYL TV 131

L1z 1226 6N° NI

t1*0

00°209L9

[ i 2

90°*0

00°0190S

£9° 8

40°0

00°%5168

LA Al )

10°0

J0°¥ESES

gL°501

20°0

J0°55908

1v°€9

10°0

00°92949

£9* vy

02°0

005t EHY

VA Ad ¢

Ll 1}

00°*vot2it

[ a1t

$IVHIAY AYHOLLIVH JO ANIDHIJ SV OTI1A
SL°0 20 °ET 0°0 ot oR°tr

SYIUY O0ALJHOUD IVIOE JO INIIMIAJ
=vIYNY TJIJIOHD TIVIOL IE°8ZL =TIV HY3d ALTALLIONAUN

YHIFNYF
v °9 1L°92 424 281 6E"0R v6vn

uuw<zu>< YN0 Y 4D AMIDHIL SY 014
10°2 €z of 128 A1) €2°1 LA

2Y3YY gIddud IVLI0L JU INIONAG
=vIUY JIddOHD TIVIOL  22°LI09 =3HIVY HId ARTAYIDNUGHG

YIUYN
gz ozt 0866 2*to0t f£1°90 0c°%e

2I9VUIAY NYNOITLRVYN 40 1N3DH3d SY O131AR
co°1! b3 Ad 2l 9o'o Fy*v LA E 3

TYINY OFddO¥I IYLOL JU INIDNIY
=¥3HY I3Jd0HD  IVI0L S1°1GL =TUIVY ¥3Id ALIALILDNQOMY

rNONHYOaHA
¥6°94 R °66 0°0 4 Ad 23 L2 11]

$3INDVYSAY IWWNOILVYN 40 INIOYId SY O1ITA
8t*0 8509 0°0 yZ°e [ L2 2d

tY3Y¥Y O3JCOUD IOl JO INIDUIS
=¥3Y¥v JIddOHD TYL01 68°SAB =3IHIV HIJ ALIATLDNOIMG

JynIvHsSO9
o6°R9 vhoefl

¥6°9¢ Se*yy ezt
$IDVYUIAY WNOLLYN JOU INIIHIJ SY ONITA
s2°0 15°9y 'St 90°0 or°2t

SVIHY 03440 IVINL 40 IN3DIHIJ
=¥V IUY JIddOHD IVINR  SZ°Cvl =3UIVY Y3Id ALIAIRDNUOH

THINYYY
GL°10 cien co-z2zt %2 v6°tp

$39YHIAY WWNOILYN J0 LN3IIN¥3IJ SY O3 A
es°t i34 44 20°*2 s0°0 29°62

$VIYY 0AJJOUD VA0S SO NN
=YYy J3ddU¥D VROl 6S°2S6H =JUIV HId ALIATLINUNHA

HIDFYY
v6°92 t6°ell £ieLz 6 *on LI 14

$IOVHIAY YNOTLYN J0 LNIIYId SY OT1A
10°¢ sG°Co cvo Z°0 a0°02

SYIUY OTcAOMI AVENE A0 IN3IDMDA
=yYIHY JIdd0YD Tvi0L OQE°*6R\ =3I¥IV H3d ALIATIDNOOYY

INVISYN
408 A A g4 g1zt %9 ¥ 1F°ve

2IOVHIAY TYNMTAVYN J0 INIIHIC SvY O3ATA
L1°0 s8°19 890 [3: A4 29°2¢f

$VIUY 040D TYROL JO INIDMAD
=yaHY JTddOHD IVAOL  £6°26G2 =THIV H3AJ ALIA11INCUYd

vyvdiivnlox
o By *L01 A AT 1816 Y6° vis

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



140

00°0Y2%ZALE

[ AAt: R LA FA

LI Adelol o7 4 o 274

00°ADR2NART T

oo NI IGE

00°4N6ELGET

00 HARFACOIL

00*aCTHIIT Y

%0°0

(FAd

=533dNY NI 3INTIVA ViDL

96°18

vi‘o

cv°col

t5°0

=533404 N1 INTIVA TVLDL

$9°521

L2°0

16°st1

1A 2]

=533dnY Nf 3INTYA VIO

25°001

Lz°o

[ 290 4]

sato

=S334nY NJ INTVA IviOR

co°ctl

ic°o

cteoo

(23R4}

=$33dnH# Nt 3n7ivA 1viog

oLty

[Ad ]

Jo*LET

16°2

=S33dnY NI 3INIVA TYVIDL

£tn°29

29°0

25321

3E°0

2533474 N1 3INIVA TVL0L

n6°Le

(A 4]

=53JdNd NI IANTTvA T1viol

2500t

59°vs

92t

s9°a3t

08°S

00°2€92191

Yo L

15°2¢

Y5°96GLYY

65°16

16°61

95° 155652

ee*in

7/
9g°ic

op°2ocevd

8v°99

92°¢L

0S°Fot2e6

ov*gzt

99y

o0°cevovi el

ar*591

gC°s

00°E6ITIT T

€9°g91

69°LY

0o y2eoal

£L°00

vacz 800

=ND11On0JY¥Yd Iv1i0L

L°z6 YE°£O1

6L1°S 18*9

=ND1LINOJYd V101

9180} [A: AR 2 B ]

L2 24 4 \z*9

=ND11On0JYd Iviot

tL°zo6 Ye*EO01

1E°S v6°9

=NO1 1DN02Yd Iviot

9z2°LL 09° 216

ov°t 802

=NI110NnA3Y¥d Y101

L AN ¥ lc° 08

93¢ 86°S

=NO11On0IMd Iv 1021

91301 98° 16

61°§ ®9° 01l

=NJ11J3n0a3Hd4 IvLedL

1819 1v° LS

nen H6°8

=NO1LON00Hd v iDL

neeLd a9° L6

¥0°0

00°02£02

26° 69

60°0

Jo*129L2

£9° %0

LA A4 ]

00°090SY

2s° LEl

12°0

Jo*6€202

.89°6G1

29°0

00°vL2SE

a9L°so0t

80°0

J0°8s521S

S0° ve

¥1°0

00°890201

£7°vn

110

00°1IS%06

e en

220

=Y¥YIHY

£9°62

LA A |

=Y 3yv

95°99

at 9%

66°0

=V 3IYY

tyesit

0S°0

=YYy

v6°91

LL°o

=Viuvy

2c°L9

oce*e

=Y 3JYyv

r* 1o

An*s

=Y uy

£n°he

$IDVYIAY TIVYNOTAVN 40 INIDHID SvY 01314
95°2y 96°2 1g°e LEAS R

SYIHY U3J00HI V101 JO JNIIHII
334d0HD  IVROL  Ze°ean =4IV YId ALIAILRDNOLNHY

HAdIAUS
£o*221 12°101 m°16 czeetl
239YHIAY IYNOLIYM 40 ANIDNIJ SV OATA
vzoez 8z°0 ne ez 2012

tYIUY QIdOHD IVIUL JO INTDUIJ
93ddOd)  TYLI0L E2°CC9 =TYOV HIJ ALIALIDNONYGY

HUyHog

e ovet sZ*vol [ ] <) EA RS A
SADYHIAY CIYNOTIYN 40 INIIHIG SV CTIJ1A
09°se 19°0 8°21 9Z2°91

2YIYY 03ddOYI IVLOL JU INTONIJ
33dd0HdI  Ivi01 9S°611 =3HOVY H¥IJ ALIATAONAUNG

FNO9RVYAYN

gt tz°101t 28°16 GZ*ett
SIIVHIAY IYNNLAYH 40 LNIDHId4 SY 0T A

| ¥ 30 3 feee ozt 62°9t

SYIUY 03490 TYLUL JO IN3IOM:J
03dd0Y¥D vi0L: 95°889 =7HIV HId ALIATRIONAOHGS

FNODINYHIN

sEovEl LA T ] to*sn 2uezet
$IOYHIAY IYNOTIVH A0 11H3D¥Id SY QIR
£L°91 21°6C 1€°92 2 s +

$y3dyYy 03400y TTVYR0DL JO IN3DOHIC
J3ddNYD  IVIO0L  Lv°SAYISINIY HId ALIALRONONYY

) novorag

96 *S6 g1e22t Yo he LE° VR
$39YYIAY WWNNTLIVN J0 ENIJYID SY QTIIA

v °8¢ sv°0 RO °0 vorae

SyY3IUY 03ddNYD TYAVL JO INDDIUI
33dd08D  IVIDL  BY°9EL =3IHIV HId ALIAILDNUONA

ONDIVI
*9°r00 FA A4 2 1 | F4A Ad 443 "wove
$IDVYUIAY WWNNTLIVN 40 INIDHTJ SY O
Fi1°0 if£°0 12°2¢

$VIHY OIddOY¥D TYROL JO INIINITI
JIddUYD  IVIOL S¥°GG6L =MV ¥3d ALIALIDNCOUNd

YYHIRIHS
Bpyerot 101 06°89 2€°%0

239YHIAY IYNDILYN 4n AN3IIYId Sy OI3TA

2 B 4

eof*0 Ll Ad ] ov°pe

2Y3HY QA4 I¥L0L IO INJ3IN3A
23dd0HD  AVA0L  9B°2IA =IHOY NiAd ARTALIINADHI

UNAGIMYOYN
*Hovy

60 *2v

PE 2] 0*0 F1: A0 1)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



141

aON*I6NI1LGZ

00°9SnsEGan

00°RONDINLLY

0N 69556

(111 Rt lrdeds [ 13 4

aocozeLiec?

Q0 *26C7a0Y

0N garRarg

90°0 g0°0
=S33dny NI 3NIVA 1viod

6T°5e zeteot

12°0 e Y AL
=S330nH NI INTIVA IviCd

€nez9 Jo°Ls

02°0 Iceo
=S33dnY N1 ANTYA ViDL

96°19 58°v5

e1°0 t6°0
=523dny N1 3nIVA Iviod

6£°G¢e L1:Md 3

960 f2s2
=533J474 NI 3NIVA Iviod

6o°ctl ztecot

€0°0 t9°0
=5$33d4NY N1 3INTIVA ViDL

9K°LY €vy*gol

St*o 19°1
=833d4nY NI INTYA IVIOL

s7°621 29°59

GZ°0 1
=533 NI anIvA Iviol

2s°00!t otezet

slL°ce OE°Vv -1 Al o]
¥6°18ESTE  =NOILDONOJYHd IVILOL
co-¢ce 9z Ll og* 9zl
61°6 oLt 2G8°2
00°€£20R60€ =NDI1DNAQJYI IVIDL
Yo 1L 1eze6 90° 601
teest 60" Ly*tC
00°22%98E1 =NOILONGDYHd V101
ze*tn Qz*LL ze-vit
s9°Lt g2°e 1L°s

00°€219002 =NDLILONQIYd IVvRDL

Leevl 9z°LL oE*921

ye*1t bl Ad 4 10°%
00°¥259G521 =NOIL1ONODYHd IVLITL

v9°SS LAREL ] f0° 601

Ly°C 1e°1 51°0
00°SY0ES61 =NI11ONQOHd TYiDL

teeen 12°26 veceol

*6°51 [+ A 05°0
00°RAIC39L =NOIL1DNAINHd IVLIL

[4 0 ] 120 [ hd FA |

/mMm°02 S6°2 fo0°*2
00°£7L0921 =NOILONOOMd IVIIL

onR*Zy nzZeLeL LA 1)

6G5°S

00°L5LSE

£8*6L1

22 sz

Jo°¢ZcoLy

68°2S

¥i°0

00°ve0cH

G912t

2€%0

00°¥79601

92691

0E*0

po°Ls819

669

. 10%0

Jo*6vivil

9€°* 911

90°0

00°*6700L

fateng

vito

00°LZviy

Lo it

$IOVHIAY IYNOTLIYN 40 LHIDHAY SY OITIA
96°0 1204 A 69°0 £S°0 (12 A ]

SVIVY QAASOUD TVL0L 20 JNHINDG
=YIHY 33ddUHDY  IYROL EQ°¥I0I-3MHIY HIJ ALTALIDNAUHY

AONYFYHNDY
22021 (L AF i1 6L°90t t1°9qa (T34 12}
$IOVNIAY TIYNOLLVYH 30 INIIHIL S¥Y OA1A
£aso ziof 92 rz=1 55°%1

$Y3YY OIJIMD IYROL JU INIONAA
=Y3YY J3I4dNYI  IVIOL EZ°EEYZ=IVIV HId ALIATIDINUOHA

FNODTHSNAN
96°98 1s°0ft 61°901 60°601 LESvr.

$IOVHIAY IYNOLILVYHN 90 ANIIYId SV 0314
9c°1 SE°YY te*y 0S*n oo0°¢et

tY3HY QIAddONHD TYL0Ll JO INIDNIAL
=¥IYY JIJJOND  IVIOL GS°YO0R =JHOV M3Id ALIAILIONOUNd

NIVRVE IV
90°66 Si°sit ey vit ceE*tot zrezet

$IOVHIAY WYNODILAVYN 40 INIIHIS SY GTIIR
69°0 1v°Se viee sed ve°2F

LY3UY 03d90YD TYLOL JU INIDHIY
=Y3HY 034d0HD  IVI0L  ¥Z2°SSO =YDV H3d ARTATLINOOHI

tyHruyHa
Lt v9°frot 05°611 gs*ozt 001Gy

R $IDVYUIAY IYNOTAYN 40 LNIDY3Id SY OI1A
18°0 9% *6 96°11 el LA RS 44

fy3¥Y 03da0ND IVI0L JU INTINID
2YIYY 3IJJOMD  IVADL  AS°02Z1=2HIY HId ALIALLINOOND

UYAYS
ty°sit Re°L08 929l B vit 69°221

$IDVHIAY TYNDILYN 40 AN3IDY3Id SY 0314
20 16°8S | % 4 029 6t°92

TYIUY UIdd0NI IVINL J0 INDDUIY
=v3IUY JIJdOHD TVIOL 02°ve8 =3HOV H3IJ ALIALIDNOONY

undtIaAROr
1¥°sit v9°rot 62°901 1926 Gzrett
$3OVYIAAY TIYNOLLVYM JO ANIDHIA SY O01F1A
Sv*0 66°0" Gi°2 o it a6t

SY3YVY 0IHJOYD IVLIOL JO INIONIA
=v3HY JI340HD  IVADL  YECYZL =IHIY HId ALIATLIDNOULNY

CHODT VY
gtezzt vG°L£Se 2vvit ve*vitl 9G°ivi

$39YMIAY IYNOLTLVYM 40 fN3DHIY SY C1I5A
zyen Zreor 9veg 06°01 EveRt

TY3UY Q3d4JOUD TIVL0L S0 INIDUII
=Y IHY J33dd0HD  IVIOL  21°9S6 =TTHIV H3d AL1ATIDNONYI

VISYdYN
95 °9w [ARdthd | 66°88 6Hr o on 2E°%0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



142

oncey 102712

a0 NRAZINIE

00°G17R2AM T

00°RAONSEH T

onctonsrAct

N0 *AOGTE 656

DDA Relil4 2 8

no*nyplcane

12°0 20°0
=$33dNY N1 INIVA IvioR

%19 1 2 of §

fz°o SE*T
=SYIdNY N1 INTYA 1viod

6€°GL zeecot

70°0 s0°0
=S33d47H NI INIVA Tviol

2Z2°0S 3p*o1t

70°0 0Z°0
=S33dNY N1 INTIYA IVIDL

96°L9 I EY

tz°o 26°0
=SIJdNY N1 INTIVA TVR0L

"6°te 2Ly

ot°o s0°*2

=533y N§ 3nIvA viol

6E°SL 58°vS

€e*o Fo°t
=53AJ4NY N1 INTIVA TYL0L

te*2n Jo°Ls

2t*o [ R ]
=SATANH NI INTYA IviDL

€29 L2 £

=NDILONAJHS IYLIL

=NOLLONGIYNd VLD

=NDJL1ON0JY¥d IV 1DL

=NOJ L1ON0IHd ViDL

=ND1L1INn0JY¥d ViDL

=NO1L1ONAIHd TVLIL

=NJ11DN0JHI IV 131

=NO112NnaJNd VLD

$IDVYHIAY IYNDTLIYN 4D 2HIIHAA SY CI1JIA
€80 L9 60°0 [ A4 0621

tYIHY Q3dd0HI TVLING JO INIIMNIY
=Yy I3ddOHD  IVLOL HYTL99 =TIV UG ALTATLDAUOMNY

UNARYHINYH
ol1°uo 19°91 fFE°601 g1°ng secgtt

SIANVUIAY IVNNTIVN JO LN3IDHIY SY G114
4S5°0 agoof vt1°o 2%°0 9Lz

SV3hy 03ddyd IVIOL SO INIDUIY
=VIHY IIJJOYD  IVLOL  SETYORI=TIHOY HId ALIADLDNGONY

HIVONES
sL°1w Gyve GZevol 1916 LE°ve

SIOVHIAY IYNOLLYH SO 1MIINIA SV CI98R
280 96 °2% €10 A Ad ] ar?*91

IYIVUY QIJSOUD IVLIDLE JO INIDYITI
=YINY 03ddUYD  IVAI0L  2Z1°96% =3HIV HIJ ALIATRDONOONG

vYiunivs
61°S01 96 * 66 ¥S° 16 m*16 2E° VG

$IOVUIAY CIYNDIAVM JD EIN3IHIA SY Q1A
sz} £e*sY ag*0 Geet vtz

SYIYY Q3dduN) TIYAUL JO IN3DNII
=¥3YY JIJdOHD TYROL 2Z2°1S9 =7THOV H3Id ALTALADNODHG

FNOONINYH
6Z2°C6 £9*2et 9L YEN In°16 tectot

$IOVHIAVY TIYNOTLIVYHN J0 ANIOHIL SY QIR
[: 10 | 6002 26°0 f6°L S6°Gt

$VIHY G3J0YD TYLUL JO IN3OHIA
=YIHY I34dOHD  IVIOL  B1°8BCL =3NIV NId ALTATLDNONMYNd

YIMNYZVYD
66°001 stesiy creLzt GE*eot LE* Y6
TIOVHIAY IWYNOILYN J0 LNIINIJ SY Q1714
670 96 °StE 6°*1 22°0 nec1t

$YIUY g3da0HD WVI0L 30 INIDHII
=YAHY 3I3dd0HD  IVIOL  v0°EESE=IYIY ¥Ad AlLIATIDNONUA

lyvnionol
y¢° 60 gv°*L01 Zvevil c€t*9n s tol

SANYHIAY TIYNOIIYN 4N ENIDHID SY OT1ATA
S6°0 66 °FT, 1e*y LY A4 feeet

SYIHY 0I3A4JOYHD IVROL JO INIDNITA
=vidy 3344080 TVAUL  19°vIivi=T4OV 83d ALIALLONOOHd

NYHUNIQrYHlS
£ 16 RyY*L0t £C°601 2816 05°G¢

$INVHIAY TIVYNOLIVN 40 ANIIHIA SV G314
09°0 ro°ZS GSe°S L2 R A 69°¢c

$YIHY 034000 VL0 JU INDIOHIAJ
=YTIMY 03JdOHD  TIVIOL S 1vA =TUOV UIAd ALIATIONONNG

UeOVYNIYS
SL°201 neo2ol Geeent “re°rol oz rit

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



143

LIANAZA LA

00°ObORGN0FE

00°*7LYIREDC

[l hari o o 430 4 24

00°0Z IGNc0 !

oo hRZotree

on*e2ozan2e

ancoyntoel

SE°0 Incy

=5334NY NI 3NvA 1viold

£g°29 25°921

CAd ) ov°o

=§33JnY¥ N1 INnIYA TVID1L

6£°GL 12e101

(AR ] vi-o

=5334nY NI 3ntvA ivipi

2s°00t Jo*tls

oteo 2zZ%

=5334n8 Ni 3anivA viol

76° L9 yceve

gc o sheo

=$33d4ny N1 3nivA 1viol

96°19 vsezot

11°0 310

=533J4N¥ NI 3INIVA IVLIOL

s?°52t tv°sol

90°0 Ivco

=SI3J4TH N INTIVA Iviod

50°E11 gy sol

9r*0 5140

=SI30H Nt INTIVA TVIOL

a6 Le veovy

69
$6°22252°¢

Yo't

€1°52
00" teR56

16°59

2zt
00° *¥Z65LT

£€°se

£0°c2
61996202

€L°06

g9°ze
RS2 28 28

16°59

9¢°21
00°60%v9L9

LL°79

10°6
¥5°6512086

12*as

L2°v1
fire2i1rnos

0505

15°3 £5°S
=NOI1INCOHd T¥1LD1

91*°got veecot

61°2 . 0%ty
=NO112N02Yd vi0o1L

gz it Q0° 601

og°l t4 R |
=N31120n038d TVi10)

t19°19 YE*EOL

15°¢ g
=NDILDONn00Yd TviD)

ogeztt 09*2L5

99°*31 £8*2
=NDTLIONO3HS TVLDL

91+got YCrEot

te°0 2s°s
=NOJ LONOIYS Tvidd

9zetL Zes vl t

e°1 1ge2
=NDI 13nQJ3YUd TTvid1

M2°LL zarsely
€C*s £fE~L

=NOIADNOJYD TYLIR

ig°t2 Lo eot

oyl
oo*srgat

a9cast

062
J0°t1210%

9£°911

0v°0
00°2viEL

0S*001

67°0
00*ES2IY

c6° 69

6E°2
00°S502S1

ss*tot

az*o
00°00€ESY

AL°sol

22°0
00°698S9

[ A A

Z6°0

00°v321"

£geert

$I9YHIAY IVHOLLIVYN 40 ANIIHIS SY OTF71A
59°*¢2 r1°1 280l [4- 24 % RI 14

2Y3UY OIdCOUD IVROL JU INIDHIY
=VaYy JIJJOHI IVIOL  TE°ASOI=IUIVY HId ARIALLIDINUUNS

vImnLvd
a1°90 [ R4 ] 12°101 In°iI6 G2 Ll

uwu<¢m>< IYNOT YN J0 1INIDY3Id SV C131A
vl L3 A 8 GS6° ¢ ro°t 21°%t

1Y3UY 03IJdOHD TVYL0L1 JO INIONIA
=VIYY I34d0HD  TYLIOR 19°C26 =IJUDV HId AL11ALLDNOUNY

yyvzynuaapvyn
66°001 uteury 12°101 [L-24 7] 21211

SIDVUIAY TYNOLAYN 40 LTNIDIHIG SY A
GSv*0 22°29 ot*g oL°g 70°g

LYIUY 0IJJOHD TYLINL JU INIONTA
=YIYY 03IJdOYD IVLIO0L L1°026 =3YIV HId AL1ALIDNQUNHD

FNyDdNY
66°001 gt1°8f1 61°901% 28°16 cse°rtt

$3OVHIAY WWHNNIAIYN 4O QNIDHIL Sy O13LA
LA R § (s 12 4 L2 8d ] oLy ney*Z2

ty3uy 03dd0¥d IVINL JO INIDOHId
=v¥IY¥y 03ddNHD IVI0L 96°6E£8 =TIYIV ¥3d ALIAILDINOOHd

Yy zvHivyy
0901t 15°081 £E°601 19°26 SZ 11
$39YHIAY YNOLTAVN 40 INIIH3IJ Sy 011X
: L A4 9t°2c’ v621 90°2 [ 124

YUY 0I4d0YD TVIDL JO INIDUIY
=¥3Y4y JIJ408D IvLIOL 2Z2°6T01=34Dv HId ALIATILDNOUND

FNYORVYAYHYN
18°9L £ 22t teetot se*colt 2teert

$3DVUHIAY TIYNNTAYN JO IN3DYId SY (I1I1A
£6°0 0V°ES G0°0 77°0 [ A T4

SYIYY 03doold IviUl SO INIDOHIJ
=vINY JIJHUND TYL0Ll B1°9L9 =4IV HId ALLIALIDNONMNG

HO3ND
6L°S01 S1°sit Fle2t sahit taceol

$IDVHIAY IYNOIAYN 40 1HIDINId Sv CIATA
9s*0 ore9y zi%0 12°0 zeeur

tV3INY 03d4d0Y3 IVINL JO IN3DMId
=VY3INY JI4dOUD  TIVAOL  *L°129 =3IV ¥Id ALRIATILONAUNd

ynglvyinvo
sl 10} vo*rot ap°te 6E o v6° vl

$IOVYHIAY IYNNTLve {40 INIDIHIS SY QTR
st GC%y 10°0 [X: R ] %"6°02

$Y3IUY QAdoOMD IVADL SO JNIDUIJ
SYIJUY IFJNIOHD  IVANL  2E°IES ="THOY HI4 ALTAI1DNOUNMd

YAVIVBIHS
YsG*an teern 12*101 cEg*col CA R d ]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



y1°0 £o0°o0

00°AROFI>Z72  =S334NH NI INTIVA 1Yi0L

25001t 00°Ls

144

Y00 v0°0
00°t2%9%£IG =S334nH NI 3INIvA viold

2s°001! t9°05

to°o tz*o
00°52051%5%  =S334NY NI INIVA 1viold

60°€C11 58°vS

L0°0 c9°t
on*ragiceng  =s334NY Nt InIvA Avior

2stool IL%26

91°0 obiz
00°0n22502Z%  =533¢NH NI INTIVA TVA0L

92°0S vze22

2°0 06°0
00°nZ 12 nZr  =53347Y NI 3INIvA Iviog

96°L8 35°53

LEAL ot*o
ontporpstIc  =533JnY NI 3nIvA ViDL

60°E11l Jo°Ls

520 56°0
00°rAToNZAC =SAJJAMY NI INTYA Tviol

6F°G2 22°901

€s°o1 10°1 vlez
00°1652991 =ND11DONODINd IvLOL

2120t 9zZ°LL ce°*vit

69°G1 E Ad [3: A 4

00°/62SLEST =NDILINOIY¥D TVLDL

zL*zot 9zt 2ecelt

9 L 19°1 £€1°2
00°10£B82¢l =NDILDNOIYD VIDL

221t 9z°tL YC°EO1

S9!t |5 2 vZ°g
00°02ESv91 =NOTIL1DNAIYd IVLIOL

€0°coH 1226 AR AR

: Ad 4 €0°2 sret
00°2E1¥SAT =NOILONOIVd IVIDL

11°99 neze vc"got

B0°92 05°2 vG* 1t
00°S869601 =NI1LDOnCIHY IVIDL

s1°00t teezn LA AR A ]

LtAS A | 0G*2 1
00°H61 12G) =ND11In03HS AvLIL

| § 4 Gsecow ve°cot
o1 61 o6t

NO*ZS6EL6T =NOILINMDYNY TV IDL

£6°CS nz*Ll yB* 16

oz~o
00*60¥2S 1t

g1°9s

£2°0
J0°8E99r}

IA A4 )

£ceo
00° 196611

05°001

ts°0
00°9L6216

s9° 121

t1‘o
Do°veece

A9°8S1

6%°0
J0°¥3659

v6°92t

62°0

00°60865

2€* 911

1%°0
00°S36001

26064

$3OVHIAVY WNOLTEVYH 40 INIIH3d SY ¢I31A
820 19°L % G2t Ih°Z LEARES

$Y3IHY 0DLH0HD TVLINL SO INDIDNUA
=V3MY JIFddUND  TVYIUL BC°S19 =4IV UIJ RL1TATIINOUNG

TAVHEIY N
tyescrt to°on L1: R ] 2e*21 29°9%

$IIVHIAY IYNOJLIYN 40 INIDYIL SY 0T31A
LE*O %0 °6C R6°2 ot-y 10°0¢C

sv3UY QIJJOWD VIOl JU INIDUIL
=VINY JIdINYD  TVIOL  20°L9L =IHIY Y3Id ALJATLIINOUNG

MVLIVHY
66°001 1292 ce*6el cGEvt 90°99

SIDOYHIAY TYNOTLVYH 40 RHIDUIL SY OTA
G0°0 06 °LS 0s°t 1z A Al 14

SY3INY 034403 Ivi0Ll JO INIDNIJ
=VIYY IJIJJOHD  IVIO0L 20°G08 =3IYIY HId ALI1AIRINONY

Tivsva
2L°101 60 °69 16°co tt°9n 20°99

$39VNIAY WYNOLLYN 40 1M3OHOd SV U31A
260 96 °SE 21°0 <o-1 00°SE

$Y3UY (IJJOYI WVAOL JO INDIONIg
=2YIHY I3ddiD  IYLI0R SE°1SS =34V ¥3d ALIATIDONAUYY

MyoNYL
62°CLH 9g °Sel 12°101 6E*OR [ Rt
£3IOVYIAY WNDILVYN 20 INIDHID SY UIDTA
Sv°0 60 °S¢ €042 byey tn-gz

$v3HYy ORJg0UD Tvi0L SO INIIHIA
=YIHY 03ddOHD  TYIUL  6£°908 =3¥IY H3d ALTANLIDNUONHY

10MYHONDN
01°96 gk*201 gtezzt £1°90 69°221

$I9VH3AY IWNOLLYN JO ANIDHId SY (131A
29°0 18°v¢’ v0°2 cEe*y 69°92

SYIHY 03da0tDd IvL01 J0 INIJUDA
=vY34Y J3d4d0HD  IVIOL OL°ER9 =3IV M3d AllIAl1DNUOUd

MNAITHS
66°001 fe*ezel 62°901 g *00 LE° VG

SIDVYUIAY IYNOILYN 40 LHIDOHIS SY OIFIR
69°0 ttery 60°S 10°9 s0°c2

SYIUY QAJANHI TIVING JU JNIDNIY
=YIHY J3dd0UD  IVI0L  1§°2908 =I4OY H3d ALIATLDNOMHNd

vHindlvy
66°001 6811 [AAA AR 17°86 ztert

SANDYHIAVY IVNOLIVN 40 AH3IHId SY 031X
(A ] td Al A 012 t2°2 GE*H 1

SYINY 03dOMD Tviul JU INIDHII
=Y IV ATJA0HD  TYLOA  98°280 =THIV HId ALTARIINGI NI

JOOHIUSHYN
61°S01 ny L0t fee60l [ 1Y) F e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad Inoyum payqiyoud uoionpoidas Jayung “Jaumo ybuAdoo ay Jo uoissiuad ypm paonpoidey

6.00 Ho.ld 127.13 16 17

[
NAGANPUR

PROUDUCTIVITY PER ACHLE= 596.65 TUOYAL CRUPPEC

PERCENT OF JOTAL CROIPPPED AREAS
j2.04 0.21 0.25 43.58

YIELD AS PLHCENT UF NATIUNAL AVERAGE:

15.50 111.88 12,934
MIRZAPUR

PROVUCTIVITY PLR ACHE= T02.52 TOYAL CROPPEC
PERCENT OF TOYAL CRUPPED AREA:Z

2T.12 1.68 1.96

8o.11

54,85
YIELD AS PERCENTY OF NATIUNAL AVERAGE:

06,00 114.84% 104.25 84.45
GOPALPUR

PRODUCTIVEITY PER ACKE= 544.73 TOTAL CROPPEC
PERCENTE OF TOTAL CROPPED AREAZ

23.00 4.02 2.31 36050
YIELO AS PERCENT UF NATJUNAL AVERAGE:
66.06 97.61 104.71 80.61
HADHUPUR

PHUDUCTIVITY PER ACRL= 660.79 TOTAL CROPPEC

PERCENS OF TOTAL CROPPED AREAZ
60,14 9.3, 1.78 . 4433

YIELD AS PERCENY OF HATIOUNAL AVERAGE:

152.50 72.93

u6.62 143,55

KOTwALL

PRODUCTIVITY PER ACRE= 715,34
PERCENT OF TOYAL CROPPED AREA:Z

42,25 4.10 0.36

TOTAL CROPPEC

J7. 11
YILLD AS PENRCENT OF NATIONAL AVERAGE:
104.25

€o.06 H4.45

HUK TAGACHA

PRODUCTIVITY PER ACRHE= 677.2% TOTAL CROPPED
PERCENT OF TOTAL CROMPED AREAS

8.76 3.4 0.04

114.U4

44,53
YIELD AS PERCENT OF NATIUNAL AVERAGE:

Yhets2 96,62 Bhead

FULDART A

$03. 35
PRUDUCTIVITY PER ACRL= 761.22 TOTAL CROPPED
PENCENT OF TOTAL CROPPED AREAS
35.21 Y. UL 0.77 43.35
YILLD AS PEHCENT OF NATJUNAL AVERAGE:S

Lb.00 101.7] 80.61

TRISHAL

109.09
PRODUCTIVITY PER ACRE= 7314.59 TOTYAL CRUPPEC
PERCENT OF TOTAL CROPPED AREAZ

37.1¢0 A0 00 0.81 45.55

YIELY AS PERCENT OF NAYIUHAL AVERAGE:

106. 79

AKEA=

1.6

81.75

ARE A=

0.05

100.99

AREA=

0.30

al.75

AREA=

0.09

8l.75

AREA=

0.06

67.32

AREA=

0.06

67.32

AREA=

o.l'

67.32

ARLCA=

0.08

$2.49
106321.00

0.24

6fl.76
130543.00

0.15

58.18
109579,00

0.47

89.92
81926.00

0.55

56.01
113693.00

0.34

68.76
1194061.00

0.39

[7XPY ¥
125092.00

0.14d

695 .59
97274.00

o.sl

120 .50 v2.71

TCYAL FROLUCTIUN=

S.70 1.79
103.34 j08.16
TCYAL PRCDUCTION=

289 1.49
103.3% 92.71
TCTAL PRCDUCTION=

2.97 1.83

91 .86 108,16
TCYAL PRCDUCT ION=

159 6.62
$114.82 92.71
TGTAL FRCOUCTION=

3.21) 1+24
14b .82 77.20
TCYAL PRODUCTION=

0.54 1.28
114 .82 77.206
TGTAL PRCDUCTION=

0 .96 1.33
132.04 92.71

TCTAL PRCDUCTION=

0.68 187

100,29
1147644.00

13.47

105.29
1974729.00

.68

111.28
1392906.00

16.063

94.16

826230.23

15.27

100.15
1264177.00

10,96

85.60
1187917.00

10.85

119.84
1985799.00

to.a7

117.27
1069234.00

8.79

84034 114,09
TOTAL VALUE [N HRUPEES=

0. 28 Q.40

S4. 89 113.09
TJOTAL VALUE [N RUPEES=

1.00 0.48

S4.86 100.52
YOTAL VALUE IN RUPEES=

0o 4¢é Q.24

84,34 87.96
TOTAL VALUE IN RUPEES=

G.0 0.24

0,0 100.52
TOTAL YALUE IN RUPEES=

0,27 Q.10

103,32 100,52
TOTAL YALUE IN RUPEES=

0.0¢ 0.05

85,4¢C 87,96
TAYAL VALUE ¥ RUPEES=

lelz G.16

105,43 113,09
TOTAL VALUE [N RUPEES=

0.142 0.09

3703L244.00

L4Y)ISL00.00

448800064 .00
+

41112416400

4Zlavii2.uo

4437 322848.00

50650592.00

3dul7u24.00

SYT
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15.50 109.09"

UHALUKA

106.7Y

lo.77

PRODUCT IVETY PER ACHL= 600.23 TOTAL CRUPPEL
PERCENT OF TOVAL CRIN'PED AREA:

29,483 1t.71

2.91

37.63

YILLD AS PERCENY UF NATJONAL AVERAGE:

36.62 109.09

GAFEARGAON

PRUDUCTIVITY PER ACRE=

to1.71

81%.36

PERCENT OF TOTAL CRUPPED AREA:Z

33.40 T.40

4.64

72.94
TOTAL CRUPPEC

d6.40

YIELD AS PERCENY OF NATIONAL AVERAGE?

496.62 114.84

NANDA L

104,25

PRODUCTIVITY PER ACRL= 675.28
PERCENI OF TUTAL CROPPED AREAS

4. 08 6.60

0.7

34,45

TOTAL CROPPECL

.04

YICLD AS PERCENY UF NATIUNAL AVERAGES

66006
ISHUWARSGONY

114.04

99.16

84.45

PHODUCIIVITY PER ACRES 690.20 TOTAL CRUPPEL
PEHCENT OF TQTAL CROPPED AREAZ

33.47 3. 80

0.10

49.97

YIEL) AS PERCENT OF NATIUNAL AVERAGE:

47.19
GOURIPUR

109,09

96.62

PRUDUCTIVITY PER ACRE= £65.71
PENCENI OF TOTAL CROPPED AREAS

28,36 2.97

YIELO AS PERCENY OF NATIONAL

364062 114.8%

PHULPUR

PROUDUCT IVITY PER ACRE=

0.09

106,79

676.84

PERCENT OF TOVAL CROPPED AREAS

32.62 2.63

1.05

H4.45

TOYAL CROPPEC

52.338

AVERAGE:

88.28

TOTAL CROPPEC

52.12

YIELD AS PERCENT UF NATIONAL AVERAGE:

€6.06
HALUAGHAT

109.09

101.71

PRUOUCTIVEITY PER ACRL= 706.24
PERCENT OF TOUYAL CROPPED AREA:

33.47 5.73

2.32

BA. 45

YOTAL CRUPPEG

52.79

YIELD AS PERCENT OF NATJONAL AVERAGE:

V6.62
JAMALPUR

114.04

101.7}

PROVUCTIVITY PER ACRE=Z 095.21
PERCENT OF TOTAL CROPPED AREA:

11.348 2.90

HA.AS

TOTAL CROPPEC

1.09 45.30

YICLY AS PERCENT OF HATIONAL AVERAGE:?

ol.d2

ARCA=

0.02

67.32

AREA=

0,03

LTe32

ARC A=

00‘7

67.32

AREA=

0.13

67.32

AREAS

0.06

67.32

AREA=

0.09

67.32

AREA=

0.03

67.32

ARCA=

0.2}

LT
25L¢1 .00

0.13

55.01
132461.0C

.09

74.05
94529.00

0.53

63.47
97438.00

1.57

LB.T6
105789.00

0.87

68.76
193155.00

0.77

52.89
12684€0,00

0.0

74.05
170022.00

0.31

120 .56 92.71
TGIAL PRODUCTION=
0.64 3.03
132.04 71.20
TCTAL PRCDUCTIGN=
1.45 6.78
137.79 92.71
YCTAL PRCDUCTION=
2.45 0.85
137.79 108.16
TGTAL PRCDUCT JON=
0,78 0.73
126.30 108.16
TGTAL PRCOUCTION=
0.24 Y
114.82 92.71
YOTAL PRODUCTIGN=
0.94 1.55
G1.86 108.16
TCYAL PRCOUCTION=
0.36 0.55
137.79 92.71

TCTAL PRCOUCTION=

1.33 0.30

117.27

1027649,.94

14.02

100.15

1919700.00

l:.oo

113.85

1186198.00

11.96

83,03

1250768.00

8.3

117.27

1301967.00

13.74

35,00

2186129.00

T.71

e3.03

1418508.00

4.31

105.29

20409711.00

15.88

93. 482 113.09
TOTAL VALUE [N RULPEES=

0.04 0.05

$0.67 100,52
TUOVAL VALUE [N RUPEES=

0.51) 0.4

$4.8¢ 183.09

YOYAL VALUE IN RUPELS=

$4.8% 1§3.09
TOVAL YALUE IN RUPEES=

0,51 0.4

105,43 125.65
TOTAL VALUE [N RUPEES=

Q0,512 0.24

71.66 113.09
YOTAL VALUE IN RUPEES=

G.2€ 0.206

84.34 113.09
TOTAL VALUE IN RUPEES=

0.0% 0.05

TRRY: 125.65
TOTAL VALUE IN RUPEESS

1.48 0.15

Jul%u 043,00

LCL7L2T2.00

37112544.00

3176380u.00

410712064,00

Jeanllus.00

D30u7084 .00

LI15932u.00

971
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3.25 103. 43 101.71 115.15 0.0

11
ZAK BUANS

PRODUCTIVITY PEKR ACRL= 878.09
PERCENT OF TOTAL CROPPED AREA:

TOTAL CRUPPEC ARLA=

20426 6. 75 017 65,51 a.0
Yiktd AS PERCENT UOF NATIUNAL AVERAGE:
132,12 103. 30 101.71 1. 0.0
BEANTUA ZAR

PRUDUCTIVITY PER ACRES 594.70 TOYAL CRUPPEC AREA=

PERCENT QF TOTAL CROPPED AREAS

11.1% A.57 1.31 1. 8% 0.0
YIELD AS PERCENYT UF NATIUNAL AVERAGE:D
4.7 97.¢61 103.7} Y9.80 0.0
HADIGANY

PRUDUCTIVITY PER ACRE=1065.88 TOTAL CROPPEC AREA=
PERCENT OF TOTAL CHOPPED AREA:Z

27.73 5. 04 0.86 60.22 0.00
YIELD AS PERCENT UF NAVIUNAL AVERAGE:
141.56 103.35 101.71 122.83 115.412
HADMHANPUR

PRODUCTIVIYTY PCR ACRE= 900478t TOTAL CROPPEC AREA=

PENCENT OF TOTAL CROPPED AREA:Z

29.49 3.28 0.73  568.02 0.02
YIELD AS PERCENT OF NATIONAL AVERAGE:
132.12 97.61 $9.16 99. 80 115.41

CHUNARUGHAT

PRODUCTIVITY PER ACRE= 874.84
PENRCENI OF TOTAL CRDPPED AREA:

TOTAL CROPPEC AREA=

29,04 0.32 Q.92 28.58 0.04
YIELD AS PERCENT OF NATJOUNAL AVERAGES
112.12 103.3> 101.710 122. 83 96.18

UAHULDAL

PRODUCTIVITY PER ACRE=1057.74
PERCENT 0OF TOTAL CROPPED AREAI

TOTAL CROPPEC AREA=

27.35 T.79 1.10 61+49 0.0
YIELD AS PEHCENT OF HATIONAL AVERAGE:
122.69 ué6. 13 144.93 12667 0.0

BANTACHONG

PHODUCT IVITY PEH ACHE= 796,83 TUTAL CROPPED AREA=
PERCENTE OF TOTAL CRUPPED AREA:

0.40 32.0% 6.69 $9.44 0.02
YIELO AS PERCENT OF NATIUNAL AVERAGE:
122,69 109.09 103.71 115.15 TLe94

NAUIGAND

BHODUCTIVITY PELH ACHE= 6U4.35
BERCENT OF TUTAL CROPPED ANEAZ

1.60 62.43 0.0

TOTAL CROPPELC AREA=

GelU 24.51
YILLD AS PERCENT OF NATJIUNAL AVERAGE:

YL 2N
bloub.00

0.63

LI .AT

4u272.00

0.40

31.74

63102.00

1.58

158.68

6b125.00

0.94

63.47

47594.00

l .76

B84.63

$3021.00

1.60

100.50

111050.0C

G.05

109.26

7L447.00

0.13

ST ot} 123.61

TCTAL PRCDUCTION=

0.01 0.58
S1.86 92.71
TCYAL PRCOUCTIONS
0.06 G.41
126430 u4.98
TGTAL PRCDUCTION=
0.13 1.82
J14.82 71.26
TCYAL PRODUCTION=
0.34 €.50
$7.60 77.26
YOVAL PRODUCTION=
0.21 1.66
137.79 92.71

TCTAL PRODUCTIGN=

0.04 Q.26
B8B.AQ 77.206
TCYAL PRCDUCTION=
0.04 €.29
172.23 92.71

TOYAL FRLDUCTION=

0.04 1.25

0.0

T67069.00

105.29
638872.%4

G.01

126.08
11463358, 00

1.59

188,32
922247 .44

4.99

139.52
923435.00

0.05

128.40
910991 .63

0.09

160.07
1963960.00

0,03

85%.60
1160022,.00

3.31

a.0 100.%2
TOTAL VALUE IN RUPEES=

0.0 0.09

Q.0 15.39
TOTAL VALUE IN RUPEES=

8,0 0.17

0.0 15.39
TOYAL VALUE IN RUPEES=

0.3€ 0.12

j1e6C 15439
TYOTAL YALUE IN RUPEES=

0,0z 0,55

9e4$ 75.39
YOVAL VALUE IN RW*EES=

7:05 0,38

13.71 15.39

TOVAL VALUE IN RUPEESS

1t.6C 75.39
TOVAL VALUE IN RUPEES=

0.0 0.38

0.9 113.09
TOYAL VALUE IN RUPEES=

6.0 0.45

SwulI440. 00

249L50008.00

42037130.00

3cLL4224.00

213927uU4.00

34) S0LBB.00

Tu3uisude0uU

402411 30e00

esT
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169.87 103. 3> 114442 113.15

SULLA

PRUDUCTIVITY PER ACRIL=1011.04 TUVTAL CHUPIEC
PERCENT OF TOTYAL CROPPED AREA:

0.07 89. 33 .32 0.51
YIELD AS PERCENT OF NAYJONAL AVERAGE:

113.25 119.50 111.38

JANALGANJ

BRODUCTIVITY PER ACHRE=S T703.75% TOTAL CRUPPEC
PERCENT OF TOTAL CROPPED AREA:

147.480

1.52 59.54% 7.30 24, 03
YIELD AS PERCENT OF HATIONAL AVERAGE:
103.4% 91.87 122.05 103. 64

NOULVE 0AZAR

PRODUCTIVITY PER ACRE= 969%.03 TOTAL CROPPEC
PERCENY OF JOTAL CROPPED AREAS

37.54 8.13 1.08 50.70
YIELD AS PERCENY UF NATIONAL AVERAGE:
122.09 gt.87 96.62 107. 48

HAJINAGAR

PRODUCTIVITY PER ACRL= 9)7.44 TOVYAL CROPPEC
PEHCENT OF TOTAL CROPPED AREAS

17.0% 21.95 6.5) 28.30
YILLD AS PERCENT OF NAVIONAL AVERAGE:

113.25 114,84 101.71 99. 80
KUL AURA

PRODUCTIVITY PER ACRL= 802.37 TOTAL CROPPED
PERCENT OF TOYAL CROPPED AREAZ

18.53 20.51 3.96 33.748
YIELD AS PERCENT UF NATIUNAL AVERAGES

113.25 109.049 101,71 99, 80
SHEEMONGAL

PRUDUCTIVITY PER ACRE= T16.44 TYOTAL CRUPPEL
PERCENT OF TOTAL CROPPED AREA:

.15 be0Y 0.37 59.948
YIELD AS PERCENT UF HATIUONAL AVERAGE:

132,12 91.87 101.71 1.
KAMALGANY

PRODUCIIVETY PER ACRE= 911.60 TOTAL CROPPECL
PERCENT OF TOYAL CROIPPED AREAS

25,90 2.70 0.065 al. 86
YIELD AS PERCENT UF NATIOHAL AVERAGES
101.73 122. 83

141.90 103, 33

BARLIKIIA

PLODUCTIVITY PER ACHLE= 607.30 JTOYAL CROPPEC
PERCENT OF FaTAL CROVPED AREA:

A1.74 6a 33 0.98 47.990
YIELD AS PERCENT UF NATIONAL AVERAGE:

0.0

AR A=

0.0

0.0

ARCAS

o. 0-’

67.32

AREA=

0.0

ARE Az

0.0

0.06

96.18

AKREA=

0.02

Y6.18

16.943

ARL A=

0.0

7934
40722.00

0.u3

84.63
$4846.00

0.44

100.50
83592.00

007‘

137.52
54521.0C

0.52

121.65
61533.00

0.73

126494
§74t2.00

0.01

158.68
70435.0C

0.53

120494
397€7.00

0.92

132.749 92.71

TCTAL PRODUCTIUN=

0.12 0.69

€8.89 4€.35

TGTAL PRCDUCTION=

0.11 .12

103.34 123.€1
TCTAL PRCOUCTICN=

0.07 0.24%

160475 154,52
TATAL PRCOUCTION=

0.08 0.52

97.60 77.26

TCTAL FRCDUCTYICN=

0.26 C-56

£€8.89 92.71

TCYAL FRCODUCTION=

0.0} G.006

103.34% $139.00
TCTAL PRCDUCTICN=

0.01 0.45

e0.3r 92.1¢

TGTAL FHCDUCT ION=

0.09 1.13

Y4.10

1044051 ,00

Q.44

128.40

1064855,00

t.07

121.55

1245924 .00

1.08

j28.40

902£695.44

4004

122.40

9H4426,00

G.31

154,00

900287.08

0.03

135.24

1180776.C0

0.00

171.20

539210.00

0.29

G.0 $13.09

TOTAL VALUE [N RUPEES=
g.0 0.66
0.0 62,83

TOTAL VALUE IN HUPEES=

G.0 0.21

0.0 87.96

TCTAL VALUE JN RUPEES=

10.594 125,65
TOVAL VALUE IN RUPEES=

0e46 0.57

7.3€ 188.48

YOTAL VALUE [N HUPEES=

10,54 150.78

TOTAL VALUE IN RUPEES=

12.22 113.09

TOTAL VALUE IN HUPEES=

11.6C 113.09
TOTAL VALUE IN RUPEES=

d.31 0.25

407udJui .00

41240040400

47049000Le00

347 35800.00

3L833152.00

34744272.00

4402U9200.00

204 12L048.00

PST
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122.69 109.09 84.99 Jla 12 Yoe18

LAKSAM

PROBUCTIVITY PER ACRE= 946+24 TOTAL CRUPPEC AKEA=
PERCENI OF TOTAL CROPPLED AREA:

27 .40 0.5 leb} 65,24 c. 18
YILCLU AS PERCENT OF NATIONAL AVERAGE:

13l.50 114.84 46,62 107.44 125,08
BARURA

PHODUCTIVITY PER ACRL= 908,9% TUTAL CROPPEC ARCA=
PERCENT OF YOTAL CROPPED AREAZ

31.92 0.04 0.65 S4,.848 0.07
YILLD AS PLRCENT OF wATIONAL AVERAGE:

112.12 103.35 Ha.99 107. 48
CHANDPUR

PABVUCTIVITY PER ACRLE= 954.81 TOTAL CROFPEL AREA=
PERCENT OF TOYAL CROPPED AREA:

17.75 4.41 1.97 44.52 0.71

10%.79

YIELD AS PERCENTY OF NATJONAL AVERAGE:

141.56 97.61 96.62 $1158.15

FARIDGANI

PRODUCTIVITY PER ACRE= B92.13 TOYAL CROPPEL AREA=
PERCENT OF TOYAL CROPPED AREA:Z

24.88 le40 J.83

134.65

. 898430 0.10
YIELD AS PERCENTY OF NATJIUNAL AVERAGE:
163.50

132.12 109.09 99.106 99. 80

MATL AL BAZAR

PRODUCTIVITY PER ACRE=1049.45 TOVAL CROPPELC AREA=
PERCENT OF TOYAL CROPPED AREAD

25.70 3.89 3.00 47.48 0420
YEIELD AS PERCENT OF NATIONAL AVERAGE:
103. 3% 94.08 105. )7

13190 173.12

HAJIGANIS

PRODUCTIIVITY PER ACRE= 966.61 TOTAL CROPPED AREA=
PERCENT OF TOYAL CROPPED AREA:

2627 3.47 5.38 53.99 a.27
YIELD AS PERCENT OF NATJUNAL AVERAGE:
142.12 101.71 107.44

114,84 153. 64

KACHUA

PROOUCTIVITY PER ACRE= 925.89 TOTAL CROPPEL AREA=
PERCENT OF TuTAL CROPPED AREA:

3I8.09 .30 0.62 40,23 0.12
YICLD AS PERCENT OF WATIUNAL AVERAGE:
107.40

lal.50 97.61 88,99 125.01

BRANSANDARL A

CHODUCTIVITY PER ACNRL=1038.19 TNYAL CRUPPEL AHEA=
PERCENT OF TUTAL CROPPED AREAS

22.90 Y.10 6434 6. 14 3.30
Yietd AS PERCENT UF NATIUNAL AVEKRAGE:

B4.0)
141159.00

0.19

us .63
101822.00

0.29

u8.86
83982.00

0.26

84.63

LL8S56.00

0.07

89.92
73923.00

5.48

95.21
947¢9.00

0.61

84 .63
64316.00

0.82

69.92
139437.00

0.39

97.L0 123.¢61

TLY AL PRCUULCTION=
0.22 G.11

103.24 108.16

TCYAL PRCDUCTICHN=

91.86 92.71
TCT AL PRCDUCYION=

0.43 0.30

109.08 108.106
TOVAL FRCDUCTION=

t.82 C.28

109.08 123.61
TOTAL PRCOUCTJON=

139 1.08

114.82 10e.l6
YOTAL PRCOUCTION=

g.27 C.42

$03.34 139.00
TGYAL FRCOUCYIGN=

1.72 C.12

109.08 108.16
JOTAL FRCDUCTION=

0.55 t.31

119.44
2226136.00

4.08

117.27

1L91503.00

11.03

128.40

1344114.00

9.40

115.50

1007742.44

8.97

117.27

1405846 .00

11.66

117.27

1526269.00

G.54

124.12

1021218.54

g.08

122.40

23¢€087.00

9.83

73.80 15.39
TOTAL VALUE N HUPEES=

0.2€ 0.06

€4, 34 87.90
TCIAL VALUE IN RUPEES=

0.87 0.08

€4.34 15.19
TOTAL VALUE IN RUPEES=

0.1 0.07

$4.8% 87.96
TOTAL VALUE IN RUPEES=

Qo222 0.00

84034 75,39
TOTAL VALUE N RUPEES=

0.0) 0.40

$4.0% 81.90
TOTAL VALUE 1IN RUPEES=

8,0z 0.03

84.34 47.90
TOTAL VALUE IN RUPEES=

0.21 0.03

€4,34 100.52
TOYAL VALUE IN HUPEES=

0.00 0.84

BOYL2L44.00

5t0%1000.00

45005728.00

JeIVa20.00

4ulundi2.00

V/i0l3008.00

3€v330¢20.00

du3uviid.ud

96T
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124.97 114.04 73.73% 122.03 0.0 Yh.21 60.37 10H. 10 2. 21 110.70 109,32
CHANDHAGHIINA
PROBUCTIIVITY PER ACHLE=1209.77 TOTAL CRIPPEC AKCA= 29u137.00 TCOTAL PHCOUCTION= 376616.00 TOTAL VALUE IN RUPEES=S 144020 lu.00
PERCENT OF TOTAL CROPPED AREA:
6624 J. 81 3.57 24. 00 0.0 0.63 0.03 1.81 0.0 0.57 0.28

YIELD AS PERCENT OF NATIONAL AVERAGES

191 .00 120.54 122,05 115. 15 0.0 105.70 103.34 10E. 16 Q.0 S0.BE 62,482
SUNALUNG
PRIODUCTIVITY PER ACRES 978.14 TOTAL CROPPEL AREA= 95563.0C TLTAL PRCODUCTICNS  151970.00 TOTAL VALUE [N HUPEES= tos709t .00
PEICENT OF TOTAL CROPPED AREA:R
19.66 11.09 2.21 S5.64 0.02 0.31 0.0 C.29 0.05 0,12 0.0

YitL) AS PERCENT UF NATIUNAL AVERAGE?S

132,12 109. 09 99.1b 107.48 96.18 69.92 0.0 135.06 42.80 118,0¢ 0.0
BAGHAICHI{AR]
PRUDUCTIVITY PER ACRE=2008.69 TYOTAL CROPPEC AREA= 13625.0C TLTAL PRCOUCTION= 3E£7758.54 TOVAL VALUE IN KUPEES= 120%Lu39.00
PERCENT OF TOTAL CROPPED AREA:
12.81 24.08 18.44 19.43 0.01 2.24 0.19 1444 0.5% 0.4E 0.0

YICL) AS PERCENY OF NATFONAL AVERAGE:

122.€69 126. 32 96.62 138.18 96.18 158.68 91.86 joé.16 112.13 i1.7¢ a.0
LANGADU
PRODUCTIVITY PER ACRE=1501.94 TOVTAL CROPPEC AREA= 4743.00 TCTAL PRCOUCTICN= 105538.00 TOTAL VALUE IN RUPEES= 4047071 .00
PEHCENT OF TQVAL CROPPED AREA:
27.41 S1.19 16.34 . 270 0.0 lalb 0.0 C.74 0.47 0.02 0.27

YILLD AS PERCENT OF NATJIONAL AVERAGE:

132.12 114,084 99.16 130.51 0.0 104,73 0.0 139.006 107.00 84,34 113.09
RAMGA
PRODUCTIIVITY PER ACRL=1467.67 TOTAL CROPPEC AREA= 20975.00 TCJAL PRCOUCYION= 405758,56 TOTAL VALUE [N RUPEES= 120167064.00
PERCENT OF TOTAL CROPPED AREAS
14.78 7.20 .84 §9.84 0.0 D.26 0.42 $14.56 0.11 0.3} 0.62
YILLD AS PERCENY UF HATJIONAL AVERAGE:S
1u8.73 126, 32 G4.08 138. 18 0.0 105.78 137.79 135.06 29.10 1i1le2€ 150.78
KHAGRACHHAR]
PRODUCTIVITY PER ACHRE=1306.73 TOVYAL CROPPEQ AREA= 29313.0C TOYAL PRCOUCTIGN= 642034.38 TOTAL VALUE N RUPEES= 2Cui7u0d.00
PERCENT OF [OTAL CROPPED AREAS
21 .40 25.%0 7.04 36631 0.0 0455 0.29 7.8 a, 3 C.78 0.0

YIELD AS PERCENT OUF NATJONAL AVEHRAGES

132.12 114.84 96.62 122,83 0.0 84 .63 a0.37 139.06 ud.40 110.7¢C a.0
DIGHINALA
PHOVUCTIVITY PEH ACRE=1476.48 TOYAL CROPPED ARLA= 17155.0C TYOVAL PRCOUCYION= 374778.19 TOYAL VALUE LN RUPEES=S 1422z9u02.00
PERCENT OF TOTYAL CROPPED AREAZ
19.008 11.3 6.49 42.12 0.0 0.24 0.0 3.50 0.29 0.30 0.43

YIFLY AS PERCENT UF NATIUNAL AVERAGE:

217.06 120,540 94.08 3. 19 0.0 105.78 80.37 123.€1 49.65 13.8¢C 100,52
RUMA
PRODUCTIVITY PER ACRL=1198.07 TUYAL CHUPPEL AREA=S 27605.00 TOTAL PHCOUCYION= 491070.00 TOATAL VALUE [N HUPEES= JLU73340.00
PEHCENT OF TOTAL CROPPED AREAZ
33.32 0.0 , 0.0 14.59 0.0 0.25 0.0 G.71 0.0 0.47 Q.72

YIELD AS PEACENT UF HATIUNAL AVERAGE:

c91



163

000°9196L062 HEJOY ONYE )
52°v6 ETRA R L 0°0 91*g0t theop 81°501 0°0 rezzt ¥G° 16 60°601 gtezet g
$IOVUIAY IYNOT AV S0 INIDHID SY OITIA
tg*o 30°0 0°0 ez v0°0 et 0°0 a0 ¢ 221 €2 S1°6S
$Y3HY 03dd0UI IVLA0L JU INIDHIJ
0N*HZE67PLZ  =S3TJ4NY NI 3NIYA TVADL 61°GLLGvL  =NOILINUINYS I¥LI01 O00°P0SSH =¥YIJ4Y 33ddUYD IVIOL SY*IGTI1=38OV H3d AL1AI1DNCNNd
| NYUHYONYE i
[T A41) 1144 1 0°0 1321 0°0 12°56 0°0 ge°201 29°96 60°601 00° 151 |
£IDVHIAY CIYNOLIVN JO ENIDHIS SY Q1A m
19°0 5v*0 0°0 62°¢ 0°0 6v°0 0°0 02°9¢ (127 ng°t 19°01
! SV3INY O0Ide0UI IVIUL JO IN3DIHIG
00 FEFZHNG =S339NY NI JINIVYA IYI0L 00°62%Fvl  =N3112N0JYHd4 TVIIL 00°20¢9 =¥ IHY IISd0YHD IVIDL 06°9RL =THIV ¥ld ALIATIDNOUH
THYHDIONOAIYN
arctot J0°mI 0Z*vy 17°c21 vE°rot €o°vn 91 °96 0°0 g0 v6 vE*921 9G° iyl

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

$IDVHIAVY IYHNIAVHN JO INIDHIJ SY Q71314

16°0 39°0 10°0 RG*°E ay*o i1 00°0 cE*1l Sr*y £9°S A ¥ ]
) LVYIUY UIddOYI IVYADL JI0 INIDUAD
00°NOOSTI YT =S3TMNY NI INTIVA IVIOL 0B°v2aZZy =NOITLONUOYHd IviDl 00°lvnee =¥IBY J3ddOHI  IVROL £8°G96 =THIV HIJ ALIATIDNUOHS
YHY? i
2c°vot or°ot 0°0 1Lcze o0 s89° 121 0°0 0°0 o°c 0o°0 18°691



‘uoissiwiad Inoypm paugiyosd uononpoidas Jayund “1sumo JuybuAdos ayj 4o uoissied yum psonpoldey

Appendix-B
lfonthly A re Wholesale Prices of Selected Crops in Rangledesh
!\on y Aversge (1969-70)
(In Rupees)
2
Month Ricel Wheat2 Jute A%Eﬁ%r ﬁﬁg%a%d Tobacco DPotato Pulseé
July 40.19 23.00 28.69 3.00 47.44 138.75 28.75 21.48
August 40.65 23,00 29.03 3.00 50.00 139.00 32.92 22,66
September 43.62 23,00 28,35 3.00 54.76 135.00 32.32 25.76
October 43,61 23.00 28.71 3.00 56.64 135.00 32.39 25.68
November 39.91 23.00 29.67 3.00 57.05 135.00 32.05 25.65
December 34,05 23,00 30.35 3.00 56.04 134.38 27.12 25.46
January 34.98 23.00 30.01 3.00 47.42 129.50 13.96 25.23
February 35.69 23.00 31.10 3.00 45.33 127.50 11.28 24.07
Ifarch 38.60 23.00 32.67 3.00 49.41 116.50 11.69 21.55
April 40.27 23.00 34.16 3.00 49.44 114.63 14.55 21.60
May - 23.00 35.05 3-00 - 112050 - -~
June - 23.00 33.16 3.00 - - - -
1. Average wholesale price of four selected rice(coerse).
2. Wheat monthly price was not availsble, estimated from weekly open market
prices of different market places.
3. Price of sugar-cane at factory gate fixed by the Government.
4. Masur (pulses) prices are considered here.

- Not available
Sources;Wholesale Price Series of Importent Farm Products in Esst Pgkistan;

Agricultural Marketing Directorate, Dept. of Agr., Govit. of E. Pak.,

and Bangladesh Agriculture in Statistics; Ministry of Agriculture,

Govt. of Bangladesh.-

v9T



APPENDIX -~ C

Cropping Intensity Index for 411 thanes of Bangladesh
(1969-7C)
The ratio of gross cropped area to

net cropped aresa
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LETEAILS
KOTWAL |
aIROL
VBUCHAGUNY
KAHAROLE
HBIRGUNI
KHANSHAMA
CHIRIRUANDER
PAHBAT IPUR
PHULDARE
NAWAUGUNI
HAK IMPUR
GHORAGHAY
THAKURGAON
PIRGONY
HARIPUR
RANISANKAIL
DAL TAOANG]
ATWAR ]
TETUL LA
PANCHAGARN
HonA
DEBIGONS
KOTWALL
KAWNIA
GANGACHARA
MITHAPUKUR
PIRGUNS
PIRGACHA
DADARGUNS
KALIGUNY
HAT HIARDA
PAYTGIRAM
GALBANDIA
PALASHISAR
GAUINDAGONY
SHAGHATA

SUNDARGONHS

aus
17.02
25,45
17.28
12.69
17.34
24.46
42,07
24,48
22,66
20.73

4,04
17.44
47.14
27.40
22.32
24,93
25.47
12.48
21.26
13.19
21.54
271.716
21.18
23.069
27,58
25,95
18,65
n.97
14.23
33,43
331.66

7.08
31.52
10.A2
23.85
20,56
33.33

APPENDIX - D

Percent production of selected crops by value

PNy et Doy AHAY
0.01 0.38  S3.08
Ueh4 De42 St .48
.06 0.16 34459
V.04 0.21 67.08
GeAT 1048 AL.T7)
0.01 0.13 61.57
0.0 .47 44426
0.05 1.23 §2.72
0.43 2.47 66.55
2.29 2.04 49.10
0.50 0.45 91.29
0.13 0,97 69465
0.07 0.99 29.90
6.07 1.91 35.54
0,065 0.17 70.33
0.16 0.70 66.88
0.0 0.05 60,98
0.06 1416 71.25
0.0 0.0 63.79
0.01 a.20 7676
0.0 0.00 52.04
0.24 0.23 61.07
a.81 2,33 46491
0.63 1e356 44,34
a.30 1.26 568,53
0.21 2.26 48415
1.59 1.25 St 18
2.39 1.76 46,67
0.85 0.04 32,63
2.15 0.75 50498
0.19 V.59 38,37
0.16 0.04 19.40
1e34 3.82 as.30
Ne8b 1.10 SL.93
2.41 3.37 40,49
7.68 9.06 45.67
0.66 0.94 51.80

upiEAY Luialu

Oe9
0.12
v.01
0.04
0.88
U.19
0.32
0.27
0.08
0.06
0.0}
0.03
0.36
O.11
0.19
0.49
0.76
0.67
0.0}
0.0)
0.02
0.07
0,417
0.25
0.1t
0.26
0.05
0.13
0.12
0.06
0.28
0.30
0.12
0.21
0.10
0.10
0.10

15 .57
0©.0)
1.12
1.70
3.39
4.01)
2491
11 .32
3.75
135
0.52
3.08
679
2427
1.83
0.89
1.+63
2426
2462
3.80
13.34
4 .38
12.73
2.85
4.430
0437
.76
2.38
3.08
4,95
4.22
1.3%
1,53
J.74
4.6
4 .49
2.50

uULELS | MLSTAKD JUTE . SUGARRCANE JUBACCO
0229 Fe 2 d.lﬁ G4.14 ) el
0D.33 ded o 0,70 e d? U.10
0.10 | RY% G.J7 Ade Y Jeul
U.44 let 4 1139 la.d0 Vel/
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