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A B S T R A C T

T he  s t u d y  p r e s e n t s  a g e o g r a p h i c a l  a n a l y s i s  of  c r o p l a n d  

p r o d u c t i v i t y  i.n B a n g l a d e s h  u s i n g  t h a n a - l e v e l  d a t a .  It  i n v o l v e s  

the  i n t e r p r e t a t i o n s  of  s p a t i a l  p a t t e r n s  t h a t  e m e r g e d ,  a n d  the  e v a l u a t ­

io n  and  i d e n t i f i c a t i o n  of  the  i n f lu e n c e  of c r o p p i n g  i n t e n s i t y  and  the  

r e l a t i v e  a c r e a g e  and  y i e l d s  of  v a r i o u s  c r o p s  on  c r o p l a n d  p r o d u c t ­

i v i t y  w i t h i n  the  p r e v a i l i n g  s e t  o f  p h y s i c a l  and  s o c i o - e c o n o m i c  

c o n d i t i o n s .

T he  c r o p l a n d  p r o d u c t i v i t y  i n d e x  i s  e x p r e s s e d  in  t o t a l  v a lu e  

( R u p e e s )  of  p r o d u c t i o n  p e r  a c r e  of n e t  c r o p l a n d .  T he  s p a t i a l  p a t ­

t e r n s  t h a t  e m e r g e  f r o m  the c r o p l a n d  p r o d u c t i v i t y  i n d e x  a r e  a n ­

a l y s e d  u s i n g  the  t r e n d  s u r f a c e  m a p p i n g  t e c h n i q u e .  The  a n a l y s i s  

o f  r e g i o n a l  p a t t e r n s  c l e a r l y  x e v e a l s  the  c o u n t r y ' s  s u b s i s t e n c e -  

o r i e n t e d  c r o p  p r o d u c t i o n ,  e x c e p t  f o r  a  f e w  a n o m a l i e s  o f  h ig h  

p r o d u c t i v i t y  a s s o c i a t e d  w i t h  c o m m e r c i a l  o r i e n t a t i o n .  C o m p a r a t ­

ive  a n a l y s i s  of  the  b e s t  f i t t e d  t r e n d  s u r f a c e  p a t t e r n s  o f  m o n s o o n  

a n d  p r e m o n s o o n  r a i n f a l l ,  the  i n t e n s i t y  of  l a b o u r  e m p l o y e d ,  and  

the  d i s t r i b u t i o n  p a t t e r n s  of  o w n e r - o p e r a t e d  f a r m s  w i t h  c r o p l a n d  

p r o d u c t i v i t y  t r e n d  s u r f a c e  p a t t e r n s  r e v e a l  a  v e r y  c l o s e  a r e a l  

a s s o c i a t i o n .  T h is  s u g g e s t s  a s t r o n g  r o l e  of  the  a v a i l a b i l i t y  of 

r a i n f a l l  and  l a b o u r  on  the s t r u c t u r e  of c r o p l a n d  p r o d u c t i v i t y  in

i i i
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B a n g l a d e s h .

T he  a n a l y s i s  of  the  i n f lu e n c e  of c r o p s  and  c r o p p i n g  i n ­

t e n s i t y  o n  the  s p a t i a l  v a r i a t i o n s  of  c r o p l a n d  p r o d u c t i v i t y  is  a c c o m ­

p l i s h e d  u s i n g  the s t e p w i s e  r e g r e s s i o n  p r o c e d u r e .  T h e  r e s u l t s  sh o w  

t h a t  a m o n g  a l l  the  23 i n d e p e n d e n t  v a r i a b l e s ,  c r o p p i n g  i n t e n s i t y  p l a y s  

the  m o s t  i m p o r t a n t  r o l e  i n  e x p l a i n i n g  c r o p l a n d  p r o d u c t i v i t y .  A m a n ,  

a u s  and  j u t e ,  the  t h r e e  r a i n f e d  m o n s o o n  c r o p s ,  e m e r g e d  s i g n i f i c a n t  

i n  t e r m s  of  t h e i r  y i e l d s  b u t  t h e i r  a c r e a g e  p r o v i d e  a  v e r y  low  l e v e l  

o f  e x p l a n a t i o n .  O n  the  o t h e r  h a n d ,  the  h i g h - y i e l d i n g  i r r i g a t e d  r i c e  

c r o p s ,  IR R I  b o r o  and  b o r o ,  p o t a to ,  t o b a c c o  and s u g a r - c a n e  a r e  s i g n i ­

f i c a n t  in  t e r m s  of  t h e i r  a c r e a g e .  P u l s e s  a c r e a g e  is  s i g n i f i c a n t  

n e g a t i v e l y .  M u s t a r d  a n d  w h e a t  n e i t h e r  b y  t h e i r  a c r e a g e  nor b y  t h e i r  

y i e l d s  a r e  of  s i g n i f i c a n t  r e l a t i o n s h i p .
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d i r e c t i o n s  i n  p r e p a r i n g  th i s  t h e s i s .  S p e c i a l  t h a n k s  a r e  due  to 

D r .  I h o r  S t e b e l s k y ,  the  p r i m a r y  a d v i s o r ,  f o r  h i s  c o n s t a n t  g u i d a n c e ,  

a d v i c e  a n d  e n c o u r a g e m e n t s  t h r o u g h o u t  the  s t u d i e s .  T h a n k s  m u s t  

a l s o  be  g i v e n  to D r .  A m r i t  L a l l ,  the  s e c o n d a r y  a d v i s o r ,  f o r  h i s  
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the  p r e s e n t  C h a i r m a n ,  D e p a r t m e n t  of  G e o g r a p h y  f o r  t h e i r  a s s i s t a n c e  

and  e n c o u r a g e m e n t  d u r i n g  h i s  s t u d i e s  a t  t h i s  d e p a r t m e n t .

S p e c i a l  t h a n k s  m u s t  a l s o  b e  g i v e n  to the  D e p a r t m e n t  of 

G e o g r a p h y ,  U n i v e r s i t y  o f  D a c c a ,  B a n g l a d e s h ,  f o r  s u p p ly in g  the 
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a nd  M r .  N a z r u l  I s l a m ,  f o r  t h e i r  e n c o u r a g e m e n t  and  h e lp .

The  a u t h o r  i s  a l s o  g r a t e f u l  to h i s  f r i e n d s , e s p e c i a l l y  

M r .  M o h d u d u l  H a q u e , g r a d u a t e  s t u d e n t ,  U n i v e r s i t y  of W e s t e r n  

O n t a r i o ,  f o r  h i s  a s s i s t a n c e  in  s u p p l y i n g  s o m e  of the  d a t a  and
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C H A P T E R  1

I N T R O D U C T IO N

4. 1 G e n e r a l :

T h e  e c o n o m y  of  B a n g l a d e s h  i s  t r a d i t i o n a l l y  and  o v e r w h e l m ­

i n g l y  a g r i c u l t u r a l .  A g r i c u l t u r e  c o n t r i b u t e s  a b o u t  58 p e r c e n t  of the  

g r o s s  n a t i o n a l  p r o d u c t  an d  a b s o r b s  a b o u t  75 p e r c e n t  of  the l a b o u r  

f o r c e  ( F i r s t  F i v e  Y e a r  P l a n ,  1 9 7 3 -7 8 ) .  A g r i c u l t u r e  no t  on ly  p r o ­

v i d e s  food  a n d  c lo t h i n g  to m i l l i o n s  b u t  a l s o  e a r n s  f o r e i g n  e x c h a n g e  

an d  p r o v i d e s  r a w  m a t e r i a l s  f o r  d o m e s t i c  i n d u s t r i e s .

D e s p i t e  a g r i c u l t u r a l  p rom i.na .nce ,  c o n t i n u i n g  r a p i d  p o p u l a t i o n  

g r o w t h  a t  the  r a t e  o f  3 p e r c e n t  p e r  y e a r  h a s  c a u s e d  a g r o w i n g  s h o r t ­

ag e  of  foo d  in  B a n g l a d e s h .  S in c e  1950, the  c o u n t r y  h a s  b e c o m e  d e ­

p e n d e n t  on  food  g r a i n  i m p o r t s ,  w h i c h  g r e w  f r o m  0. 5 m i l l i o n  to n s  a 

y e a r  in  the  e a r l y  1 9 6 0 's  to 1 .5  m i l l i o n  to n s  in  1 9 6 9 -7 0  ( B o s e ,  1974). 

T h e  i n c r e a s i n g  f o o d g r a i n  i m p o r t s  h a v e  i m p o s e d  a  h e a v y  b u r d e n  on  

the  n a t i o n a l  e c o n o m y .  M a l n u t r i t i o n s ,  h u n g e r  and  p o v e r t y  a m o n g  

the  r u r a l  p o p u l a t i o n  h a v e  b e e n  i n c r e a s i n g  d a i l y .  A s u r v e y  c o n d u c t e d  

in  1974 r e v e a l e d  th a t  7 9 . 4  p e r c e n t  of the  r u r a l  p o p u l a t i o n  l i v e d  b e ­

lo w  p o v e r t y  l e v e l  ( ' N u t r i t i o n ' ,  W o r k i n g  P a p e r  III,  1977), and  m o r e  

t h a n  40 p e r c e n t  s u f f e r e d  f r o m  m a l n u t r i t i o n .  A l th o u g h  a v a r i e t y  of 

c r o p s  a r e  g r o w n ,  B a n g l a d e s h  is  h ig h ly  d e f i c i e n t  in  v i t a m i n - r i c h
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fo o d s .  Tn a n  i n v e s t i g a t i o n ,  C h e n  and C h a u d h u r y  (1975)  found "a  

p e r c e p t i b l e  d e c l in e  i.n p e r  c a p i t a  food  p r o d u c t i o n  w i t h  a d i s t i n c t  

d o w n w a r d  t r e n d  i n  f iv e  y e a r  a v e r a g e s  f o r  p e r  c a p i t a  a v a i l a b i l i t y  

of  food  ( in c lu d in g  n e t  i m p o r t s ) .  In a d d i t i o n  to the  q u a n t i t a t i v e  d e ­

c l i n e s  in  c a l o r i e  and  p r o t e i n  c o n s u m p t i o n ,  t h e r e  i s  a n  e v id e n c e  of 

a  q u a l i t a t i v e  d e c l in e  i n  p r o t e i n  c o n s u m p t i o n "  (T a b le  1 .1 ) .

A g r i c u l t u r e  i n  B a n g l a d e s h  i s  c r o p - o r i e n t e d .  O t h e r  s e c t o r s  

c o n t r i b u t e  l i t t l e  to the  food su p p ly .  C a t t l e  a r e  k e p t  m a i n l y  f o r  d r a f t  

w i t h  m e a t  and  m i l k  a s  m e r e  b y - p r o d u c t s ,  a n d  p o u l t r y  a r e  k e p t  b y  

s m a l l  h o l d e r s  m a i n l y  a s  p a r t  o f  the s u b s i s t e n c e  e c o n o m y .  No l a n d  

i s  d e v o te d  to s t o c k  f e e d  p r o d u c t i o n  b e c a u s e  of  the  c r i t i c a l  n e e d  f o r  

food  c r o p s  (A h m a d ,  1976). F i s h  w a s  one  of  the p r i n c i p a l  s o u r c e s  

of  p r o t e i n  b u t  in  the  l a s t  two d e c a d e s  the  p e r  c a p i t a  c o n s u m p t i o n  of 

f i s h  h a s  d e c l i n e d  c o n s i d e r a b l y  ( T a b le  1 .1 ) .  T h u s ,  the m a i n  s o u r c e s  

o f  p r o t e i n  an d  c a l o r i e s  a r e  now the food  c r o p s .

A v a r i e t y  of  c r o p s  a r e  g r o w n  i n  B a n g l a d e s h  f o r  s u b s i s t e n c e  

and  c a s h .  A l l  t h e s e  c r o p s  a r e  g r o w n  in  d i f f e r e n t  s e a s o n s  and  u n d e r  

d i f f e r e n t  p h y s i c a l  and  s o c i o - e c o n o m i c  e n v i o r n m e n t s . C o n d i t io n s  of  

the  p h y s i c a l  e n v i r o n m e n t s ,  e s p e c i a l l y  r a i n f a l l  and  e l e v a t i o n  o f  l a n d  

in  r e l a t i o n  to the f lood  l e v e l ,  a r e  of  v i t a l  s i g n i f i c a n c e  to c r o p  p r o ­

d u c t i o n  and  the a g r i c u l t u r a l  e c o n o m y  of the  c o u n t r y .  T h e s e  h y d r o - 

l o g i c a l  c o n d i t i o n s  d e t e r m i n e  the m a i n  a g r i c u l t u r a l  l a n d  u s e  and  c r o p p -
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Table  1. 1

P e r  Capi ta  Daily  A va i lab i l i ty  and Consum ption  of v a r io u s  Foods  and th e i r  Equiva len ts  
in C a lo r ie s  and P ro te in s  in B an g lad esh  during  1960-65,  1965-70 and 1970-74.

M ean  Daily  M ean  Daily  C onsum pt ion
A va i lab i l i ty  (Qrams) C a lo r i e s  (Number)  P r o t e i n  (G ram s)

Food 1960-65 1965-70 1970-74 1960-65 1965-70 1970-74 1960-65 1965-70 1970-74

C e r e a l s 448 434 420 1550 1502 1453 3 4 .6 33 .7 3 2 .4

( P e r c e n t  wheat) (5) (6) (10) f5) (6) (10) (8) (10) (18)

P u l s e s 11 11 10 38 38 36 1.8 1.8 1.7

F i s h 34 33 31 29 28 26 4 . 4 4. 1 3 .9

V egetab les 28 32 23 12 15 10 0. 5 0. 6 0 .4

P o ta to e s 16 28 28 14 23 23 0 .2 0 .4 0 .4

Edible  Oils 2 2 2 19 22 20 * ❖ *

O th e rs 53 52 50 1 .9 1 .9 1 .8

Tota l 1715 1680 1618 4 3 .4 42. 5 40. 6

Note: The am ount  of C a lo r i e s  and P r o t e in s  due to o th e r  foods not  l i s t e d  (m ea t ,  eggs ,  f r u i t s ,  e tc)
w as  e s t im a te d  by us ing  da ta  f r o m  the National  N u t r i t io n  Survey 1962-64, The su rv e y  showed 
that  these  o th e r  foods con tr ibu ted  3 .1  p e rc e n t  of c a lo r ie  and 4 . 4  p e rc e n t  of p ro te in  c o n s u m ­
ption. The e s t im a t e s  in th is  table m a in ta ined  the p e rc e n ta g e s  fo r  a l l  th ree  t im e  p e r io d s .

= not  ava i lab le  
* = negligible

S o u rce ; Chen and C haudhury .  "D em o grap h ic  Change and Food P ro d u c t io n  in  Bang ladesh ,  1960-74".  
Popu la t ion  and Developm ent  R e v ie w , Vol. 1, No. 2, 1975.
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i.ng p a t t e r n s  in  B a n g l a d e s h .  T h e r e  a r e  t h r e e  c r o p  s e a s o n s  c o r r e s ­

p o n d in g  to t h r e e  b r o a d  c l i m a t i c  s e a s o n s  in  B a n g l a d e s h  ( F ig .  1 .1 ) ,

The  c r o p  s e a s o n s ,  h o w e v e r ,  do n o t  h a v e  a  s h a r p  b o u n d a r y  b e t w e e n  

a n y  two of the  s e a s o n s ,  s i n c e  the  h a r v e s t i n g  p e r i o d  of  one c r o p  

o v e r l a p s  the  so w in g  p e r i o d  of  the  n e x t  c r o p .

a) The R a b i  o r  s p r i n g  c r o p s  o f  c o o l  d r y  s e a s o n  a r e  s o w n  

in  N o v e m b e r  o r  D e c e m b e r  a n d  h a r v e s t e d  i n  M a r c h  o r  A p r i l .  T h i s  

c o o l  d r y  s e a s o n  i s  v i r t u a l l y  r a i n l e s s .  C r o p  c u l t i v a t i o n  is  l i m i t e d  

to l a n d s  w h i c h  r e t a i n  m o i s t u r e  o r  a r e  i r r i g a t e d .  A l t h o u g h  25 p e r ­

c e n t  of the  c u l t i v a t e d  l a n d  i s  c r o p p e d  a t  t h i s  t i m e ,  a  g r e a t  v a r i e t y  

o f  c r o p s  a r e  g r o w n  b o t h  w i t h  o r  w i t h o u t  i r r i g a t i o n .  B o r o  r i c e ,  the  

m a i n  c r o p  of the  s e a s o n ,  i s  g e n e r a l l y  t r a n s p l a n t e d  on  l o w l a n d s  t h a t  

r e t a i n  w a t e r  d u r i n g  t h i s  c o o l  d r y  s e a s o n .  IR R I  b o r o  ( I R - 8 ) ,  a  h ig h  

y i e l d i n g  v a r i e t y  o f  h y b r i d  r i c e  t h a t  w a s  i n t r o d u c e d  in  the  m i d - 1 9 6 0 ' s ,  

i s  s u c c e s s f u l l y  a d a p t e d  to th i s  s e a s o n .  T h i s  r i c e ,  h o w e v e r ,  r e q u i r e s  

a n  a d e q u a t e  su p p ly  of i r r i g a t i o n  w a t e r  a n d  c h e m i c a l  f e r t i l i z e r s  and  

d i l i g e n t  c a r e  in  o r d e r  to  p r o v i d e  l e g e n d a r y  y i e l d s  of two to f o u r  

t i m e s  h i g h e r  t h a n  the  i n d i g e n o u s  r i c e  c r o p s .  O t h e r  d r y  c r o p s  l ik e  

w i n t e r  v e g e t a b l e s ,  p o t a t o e s ,  w h e a t ,  b a r l e y ,  o i l s e e d s ,  p u l s e s ,  t o ­

b a c c o ,  g r o u n d  - n u t s ,  e t c .  a r e  a l s o  i m p o r t a n t  c r o p s  of th i s  s e a s o n .

b)  T h e  B h a d a i  o r  s u m m e r  c r o p  s e a s o n  ( M a r c h  - A p r i l  to 

Ju ly  - A u g u s t )  b e g i n s  w i t h  s c a t t e r e d  r a i n s  in  e a r l y  s u m m e r
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( N o r ' w e s t e r s t  a nd  l a s t s  t h r o u g h o u t  the  f i r s t  h a l f  of  the  h e a v y  m o n s o o n

r a i n y  s e a s o n .  T h e  two m a i n  c r o p s ,  a u s  r i c e  and  ju te  ( f i b e r  c r o p )

a r e  g e n e r a l l y  s o w n  in  the  h i g h l a n d s ,  s i n c e  e x c e s s i v e  r a i n f a l l  o r

f lo o d in g  i s  h a r m f u l  to you n g  ju te  a n d  a u s  p l a n t s .  T h e s e  two c r o p s

(one i s  v i t a l  f o r  food  a n d  the o t h e r  f o r  c a s h )  c o m p e t e  w i t h  e a c h  o t h e r  

f o r  the  u s e  of the s a m e  l a n d .  Good o r  p o o r  m a r k e t  p r i c e s  of the 

p r e c e e d i n g  s e a s o n  g r e a t l y  d e t e r m i n e  th e  c u l t i v a t o r ^  c h o ic e  i n  the  

c u r r e n t  s o w in g  of  t h e s e  two c r o p s  ( A h m a d ,  1976). H o w e v e r ,  the 

p o p u l a t i o n  p r e s s u r e  a n d  the  n e e d  f o r  food  c r o p s  in d u c e  the f a r m e r s  to 

g r o w  m o r e  r i c e  t h a n  j u t e .

c) The  H e m a n t i c  / A g h a n i  o r  a u t u m n  c r o p  s e a s o n  ( J u n e  -  J u l y  

to N o v e m b e r  - D e c e m b e r )  b e g i n s  w i t h  h e a v y  r a i n f a l l  of m o n s o o n  a n d  

e n d s  in  the  b e g in n i n g  of  c o o l  d r y  s e a s o n .  T h e  m a i n  c r o p  i s  the  

r a i n f e d  a m a n  r i c e .  T h e r e  a r e  two t y p e s  of  a m a n .  T h e  b r o a d c a s t  

o r  f l o a t i n g  a m a n  i s  s o w n  in  M a r c h  o r  A p r i l  on  low  l a n d s  t h a t  a r e  

p r o n e  to f l o o d in g .  U s u a l l y  s e e d s  o f  a u s  a r e  a l s o  m i x e d  i n  w i t h  

a m a n  to  e n s u r e  h a r v e s t  r e g a r d l e s s  of  the  f l o o d in g .  T h u s ,  w h i l e  

a u s ,  f e d  b y  e a r l y  r a i n s ,  i s  h a r v e s t e d  i n  l a t e  J u l y  o r  e a r l y  A u g u s t ,  

the  a m a n  is  l e f t  in  the  f i e l d  to g r o w  w i t h  i n c r e a s i n g  f lood  w a t e r  

u n t i l  i t s  h a r v e s t  in  l a t e  N o v e m b e r .  T h e - o t h e r  ty p e ,  k n o w n  a s  t r a n s ­

p l a n t e d  a m a n ,  i s  the  f i n e s t  v a r i e t y  of  a l l  r i c e s .  F i r s t ,  i t  i s  s o w n  

d e n s e l y  in to  f e r t i l i z e d  n u r s a r y  b e d s .  T h e n  the  s e e d l i n g s  a r e  t r a n s ­
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p l a n t e d  in to  the  f i e ld  i n  J u l y  o r  A u g u s t ,  and  h a r v e s t e d  in  l a t e  

N o v e m b e r  o r  D e c e m b e r .  T he  p a d d y - f i e l d ,  l o c a t e d  on  l a n d s  of low  

to m e d i u m  e l e v a t i o n ,  p r o v i d e s  r i c e  w i t h  a  r e g u l a t e d  w a t e r  l e v e l ,  

a nd  l e n d s  i t s e l f  to m u l t i p l e  c r o p p i n g .  A m a n  i s  a l s o  a d a p t a b l e  to 

s a l i n e  w a t e r  w h i c h  m a y  be  a  l i m i t i n g  f a c t o r  in  c o a s t a l  a r e a s  to 

o t h e r  c r o p s .  B e c a u s e  of  w i d e s p r e a d  f l o o d in g ,  75 p e r c e n t  of a l l  

c u l t i v a t e d  l a n d  in  B a n g l a d e s h  is  s u i t a b l e  f o r  a m a n ,  a u s  and  ju te  

d u r i n g  the  m o n s o o n  s e a s o n .  N o r m a l  f l o o d in g  p r o v i d e s  w a t e r  f o r  

the b e s t  g r o w t h  of m o n s o o n  c r o p s .  H e a v y  f l o o d s ,  h o w e v e r ,  m a y  

r e d u c e  c r o p  p r o d u c t i o n  a s  w e l l  a s  c a u s e  d a m a g e  to p r o p e r t y .

T he  l o n g e s t  g r o w i n g  a n n u a l  c r o p ,  s u g a r - c a n e ,  s p a n s  s e v e r a l  

g r o w i n g  s e a s o n s .  A n  u p l a n d  c r o p ,  i t  i s  so w n  in  F e b r u a r y  - M a r c h  

and  h a r v e s t e d  in  the  l a t e  a u t u m n .

M o s t  c u l t i v a t e d  l a n d  in  B a n g l a d e s h  i s  s u b j e c t e d  to a n n u a l  

f l o o d in g  and  d r o u g h t .  A m a n ,  a u s  a nd  ju te  a r e  v u l n e r a b l e  to e x c e s s ­

ive  f l o o d in g s  th a t  a c c o m p a n i e s  c y c l o n e s  d u r i n g  the  m o n s o o n  s e a s o n .  

C o n s e q u e n t l y  t h e i r  h a r v e s t  a n d  s u p p l y  h a v e  f l u c t u a t e d  w i d e l y  f r o m  

y e a r  to y e a r .  B y  c o n t r a s t  b o r o  o r  TRRI b o r o  r i c e  and  o t h e r  d r y  

c r o p s  a r e  v u l n e r a b l e  to d r o u g h t  o r  l a c k  of i r r i g a t i o n  w a t e r  d u r i n g  

th e  c o o l  and  h o t  d r y  s e a s o n s .  It  h a s  b e e n  found  th a t ,  e x c e p t  f o r  

the  t r a d i t i o n a l  a m a n - a u s  r i c e  and  j u t e ,  no o t h e r  c r o p s  in c lu d in g  

t h o s e  of  the  h ig h  y i e ld in g  s e e d - f e r t i l i z e r  t e c h n o lo g y ,  a r e  a d a p t -
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a b le  to the  c o n d i t i o n s  o f  the  m o n s o o n  s e a s o n .  In  the  d r y  s e a s o n ,  

h o w e v e r ,  a  g r e a t  v a r i e t y  of c r o p s  c a n  be  g r o w n  w i t h  the  h e lp  of 

i r r i g a t i o n .  M o r e o v e r ,  i r r i g a t i o n  c a n  i n t e n s i f y  l a n d  u s e  b y  m e a n s  

o f  m u l t i p l e  c r o p p i n g ,  a n d  b y  c r e a t i n g  c o n d i t i o n s  a m e n a b l e  to the 

i n t r o d u c t i o n  of y i e l d - r a i s i n g  i n p u t s  a n d  f a r m i n g  p r a c t i c e s  ( B o s e ,

1974).

T he  c r o p s  g r o w n  i n  B a n g l a d e s h  d i s p l a y  a  g r e a t  r a n g e  in  

a c r e a g e .  R i c e ,  g r o w n  m a i n l y  f o r  the  f a r m e r ' s  ow n  c o n s u m p t i o n ,  

i s  b y  f a r  the  m o s t  i m p o r t a n t  c r o p  o c c u p y i n g  78 p e r c e n t  of the  g r o s s  

c r o p p e d  a r e a .  A m o n g  the  t h r e e  d i f f e r e n t  k in d s  of  r i c e  g r o w n ,  

a m a n  and  a u s  o c c u p y  a b o u t  45 and  25. 5 p e r c e n t  of  the  g r o s s  c r o p p e d  

a r e a ,  and  b o r o  and  IR R I  b o r o  o f  h ig h  y i e l d i n g  h y b r i d  o c c u p y  5 and  

2 p e r c e n t  r e s p e c t i v e l y .  A f t e r  r i c e ,  the  s e c o n d  m o s t  i m p o r t a n t  c r o p  

i s  ju te  g r o w n  f o r  c a s h  w h i c h  is  e s s e n t i a l  to i n d u s t r y  and  c o m m e r c e .  

J u t e  o c c u p i e s  7 . 5  p e r c e n t  of the t o t a l  c r o p p e d  a r e a .  O t h e r  c r o p s  

s u c h  a s ,  p o t a t o e s ,  p u l s e s  ( l e g u m e s ) ,  w h e a t ,  o i l s e e d s ,  s u g a r - c a n e ,  

t o b a c c o ,  v e g e t a b l e s ,  e t c .  o c c u p y  l e s s  t h a n  2 p e r c e n t  of the c r o p ­

l a n d  e a c h ,  b u t  a r e  n o t  l e s s  i m p o r t a n t  f r o m  the s t a n d  p o in t  of  y ie ld ,  

e c o n o m i c  o r  c a l o r i c  v a l u e .

P r e s e n t l y  i n  m o s t  of  the  a r e a s  of  B a n g l a d e s h ,  m o r e  th a n  

one c r o p  i s  r a i s e d  f r o m  the s a m e  p lo t  of  l a n d  in  one  y e a r .  N e t  

c r o p p e d  a r e a  o r  t o t a l  c u l t i v a t e d  l a n d  ( in c lu d in g  c u r r e n t  f a l lo w )  in
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B a n g l a d e s h  w a s  a b o u t  2 2 . 4 9  m i l l i o n  a c r e s  in  1 9 6 9 -7 0 ,  w h e r e a s  i t  

w a s  a b o u t  2 2 . 3 3  m i l l i o n  a c r e s  in  the y e a r  1 9 5 0 -5 1 ,  It  sh o w s  

t h a t  t h e r e  h a s  not  b e e n  a n y  s i g n i f i c a n t  c h a n g e  in  the  n e t  c r o p p e d  

a r e a  o v e r  the  y e a r s  in  B a n g l a d e s h .  H o w e v e r ,  g r o s s  c r o p p e d  a r e a  

h a s  i n c r e a s e d  s i g n i f i c a n t l y  f r o m  2 6 . 2 4  m i l l i o n  a c r e s  in  1950-51  and  

2 7 . 3 9  m i l l i o n  a c r e s  i n  1 9 6 1 -6 2  to 3 2 . 8 4  m i l l i o n  a c r e s  in  19 6 9 -7 0  

( T a b le  1 .2 ) .  T h i s  i s  b e c a u s e  o f  the  i n c r e a s e  in  c r o p p i n g  i n t e n s i t y  

d u r i n g  the  m i d - 1 9 6 0 ' s  w h e n  the  'n e w  s e e d - f e r t i l i z e r - i r r i g a t i o n -  

t e c h n o l o g y '  w a s  i n t r o d u c e d .  C u l t i v a t e d  l a n d  on  the  a v e r a g e ,  w a s  

c r o p p e d  1 .3 1  t i m e s  d u r i n g  1 9 6 1 -6 2  b u t  b y  1 9 6 9 -7 0  the  c r o p p i n g  

i n t e n s i t y  h a d  i n c r e a s e d  to a b o u t  1. 50. I t  i s  i n t e r e s t i n g  th a t  a 

c l o s e  r e l a t i o n s h i p  h a s  b e e n  found  b e t w e e n  the  c r o p p i n g  i n t e n s i t y  

a n d  p o p u l a t i o n  d e n s i t y  ( T e c h n i c a l  R e p o r t  no.  2, EBRD 

1970 ). A r e a s  of  h ig h  and  m o d e r a t e  p o p u l a t i o n  d e n s i t y  a p p e a r  to 

h a v e  h i g h e r  c r o p p i n g  i n t e n s i t y  t h a n  th e  low  d e n s i t y  a r e a s .  H o w ­

e v e r ,  i n c r e a s e d  c r o p p i n g  i n t e n s i t y  c o u ld  m a k e  o n ly  a  s l i g h t  i m p a c t  

on  the  g e n e r a l  t r e n d  of a g r i c u l t u r a l  p r o d u c t i o n  i n  B a n g l a d e s h .

P a s t  p r o d u c t i o n  t r e n d  of  i m p o r t a n t  c r o p s  s h o w s  a  s t a g ­

n a n t  o u tp u t  d u r i n g  the  1 9 5 0 's  ( F ig .  1 . 2 ) .  R i c e  p r o d u c t i o n  in  the 

1 9 5 0 's  i n c r e a s e d  a t  o n ly  0. 7 p e r c e n t  p e r  a n n u m  c o m p a r e d  w i t h  a  

p o p u l a t i o n  g r o w t h  r a t e  of 2 . 9  p e r c e n t .  T h i s  r e s u l t e d  in  a  s t e a d i l y  

i n c r e a s i n g  f o o d g r a i n  d e f i c i t .  P e r f o r m a n c e ,  h o w e v e r ,  i m p r o v e d
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Table  1 .2  Land Uti l iza t ion  in B ang ladesh

(mil l ion  a c r e s )

I tem 1947-48 1949-50 1951-52 1958-59 1961-62 1963-64 1965-66 1969-70 1970-7

1. Tota l  G e o g rap h ­
ica l  A r e a

35 .28 35 .28 35 .28 35. 28 35 .28 35.28 35.28 35.28 35. 28

2. F o r e s t  A r e a 2 .98 . 2 .98 3. 15 5 .46 5.47 5.47 5 .40 5. 54 5. 50

3. A r e a  not avai lab le
fo r  cu l t iva t ion  ,

M n j
(including cult ivable

9 .33 9 .25 7. 52 7 .85 7 .85 7. 54 7 .24 7. 30

w as te )

4 .  C u r r e n t  Fal low 2. 60 2. 23 1. 55 1.77 1. 00 0 .8 6 0.73 0.73 1. 12

5. Net Cropped A r e a 19.42 20. 09 20 .69 19.87 20. 94 21 .08 21. 63 21 .76 21 .36

6. Tota l  Cultivated 
A r e a  (4 + 5) 22. 02 22. 32 22 .24 21. 65 21 .94 21 .94 22.33 22 .49 22 .48

7. A r e a  Cropped 
m o r e  than once 5 .86 5. 56 6 .08 5. 36 6.45 7. 11 7 .94 9 .74 9.01

8. Tota l  Cropped 
A r e a  (5 + 7) 25 .29 25. 65 26 .77 25.23 27 .39 28. 19 29. 54 32.48 31. 53

9. In tens ity  of
Cropping 
( 8 as p e rc e n t 130.2 127. 6 129.3 126.9 130. 8 133.7 136.8 150. 0 147. 1

of 5)

Source: M in is t ry  of A g r ic u l tu re ,  G overnm en t  of Bangladesh .
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Fig. 1.2 Acreage (a) and Production (b) Trends of Different Crops for the 
Last 23 Years (1947-48 to 1969-70) in Bangladesh.
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s l i g h t l y  in  the  1 9 6 0 's  w h e n  b o th  r i c e  p r o d u c t i o n  and a g g r e g a t e  a g r i ­

c u l t u r a l  o u tp u t  i n c r e a s e d  a t  a b o u t  2 . 5  p e r c e n t  p e r  y e a r .  A m o n g  

the  t h r e e  r i c e  c r o p s ,  the  p r o d u c t i o n  of  a m a n  w a s  u n s a t i s f a c t o r y ,  

a u s  sh o w ed  a s l i g h t  u p w a r d  t r e n d  and  b o r o  (bo th  l o c a l  and  IRRI 

b o r o )  sh o w e d  a  s p e c t a c u l a r  i n c r e a s e  f r o m  0 . 4 2  m i l l i o n  tons  in 

1 9 59 -6 0  to 1 .8 0  m i l l i o n  to n s  in  1 9 6 9 -7 0  ( B o s e ,  1974),

J u t e ,  the m a i n  c a s h  c r o p  of B a n g l a d e s h ,  a c c o u n t s  f o r  a b o u t  

h a l f  the  m o n e y  i n c o m e  of  the  a g r i c u l t u r a l  c o m m u n i t y  and is  the  m a i n  

f o r e i g n  e x c h a n g e  e a r n e r  f o r  the c o u n t r y  (T a b le  1 .3 ) .  J u t e  t r a d e  p r o ­

v i d e s  a  w id e  v a r i e t y  of  e m p l o y m e n t  and  t r a n s p o r t  s e r v i c e s .  J u t e  

i n d u s t r y  a lo n e  p r o v i d e s  e m p l o y m e n t  f o r  m o r e  th a n  200, 000 w o r k e r s  

( A h m a d ,  1976). P r o d u c t i o n  of ju te  h o w e v e r ,  i s  no t  i m p r e s s i v e .  I t  

d e c l i n e d  in  the  19 50 's  and  th e n  r e g i s t e r e d  s o m e  i n c r e a s e  in  the 

1 9 6 0 ' s .  The  l a t t e r ,  h o w e v e r ,  w a s  a s s o c i a t e d  w i t h  a  l a r g e  i n c r e a s e  

i n  a c r e a g e  and a d e c l in e  in  y ie ld .

T he  a c r e a g e  and  p r o d u c t i o n  of a m a n ,  a u s  and  ju te  have  

f l u c t u a t e d  w i d e l y  o v e r  the  r e c e n t  two d e c a d e s  ( F ig .  1 .2 ) .  F o r  

a m a n  and  a u s ,  f l u c t u a t i o n s  o c c u r r e d  m a i n l y  b e c a u s e  o f  t h e i r  d a m ­

age  f r o m  f lo o d s  and cyc lone .s ,  w h e r e a s  f l u c t u a t i o n s  in  ju te  r e f l e c t e d  

the  w o r l d  ju te  m a r k e t s ,  g o v e r n m e n t  p o l i c i e s  t o w a r d  ju te  c u l t i v a t i o n  

and  the  c o m p e t e t i o n  of ju te  w i th  a u s  r i c e .

P o t a t o e s  and  s u g a r ,  c an e  r e g i s t e r e d  a  s i g n i f i c a n t  i n c r e a s e  as
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Table 1. 3 F o r e ig n  Exchange E a rn in g s  f ro m  E x p o r ts  in Bang ladesh .

____________________________________________________________________________ In m i l l ion  R u p e e s

I tem 1965-66 1966-67 1967-68 1968-69 1969-70

F i s h 2 .2 11. 1 11.8 14.9 15. 5

Tea 11. 0 0 .8

Hide and Skins (raw) 2 7 .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 w as te 1 .9 2 .9 1.9 1 .0 0 .9

L e a th e r  m a n u fa c tu re s  
and tanned hide and 
skins

24 .8
i

51 .8 43. 1 7 5 .2 60. 0

O th e r  A r t i c l e s — 68. 1 52.4 59.8 52. 8

Tota l  1574.1 1667.0 1479.8 1539.9 1662.8

— Not avai lab le

S o u rc e : S ta t i s t ica l  D iges t  of B a n g la d esh , B ang ladesh  B u re au  of S ta t i s t i c s ,  Govt, of Bangladesh ,
No. 8, 1972.
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a r e s u l t  of  b o th  h i g h e r  a c r e a g e s  and  i m p r o v e d  y i e l d s .  O t h e r  c r o p s ,  

h o w e v e r ,  w e r e  m o r e  o r  l e s s  s t a g n a n t  b o th  in  a c r e a g e  and  y i e l d s .

Tn g e n e r a l ,  the  p e r f o r m a n c e  of  a g r i c u l t u r e  w a s  u n s a t i s f a c t o r y .  T h e  

g r o w t h  r a t e  fo r  the  d e c a d e  of  the  1 96 0 ’s w a s  o n ly  2. 5 p e r c e n t  p e r  

y e a r  f a l l i n g  c o n s i d e r a b l y  b e h in d  the p o p u l a t i o n  i n c r e a s e  (3% p e r  y e a r )  

of  the  p e r i o d .  In o r d e r  to m e e t  the  i n c r e a s i n g  d e m a n d  of the  c o u n ­

t ry ,  the  g r o w t h  of a g r i c u l t u r a l  o u tp u t  sh o u ld  i n c r e a s e  a t  the  r a t e  of  

5 p e r c e n t  p e r  y e a r  ( B o s e ,  1974).

C l e a r l y ,  r a p i d  p o p u l a t i o n  g r o w t h  m u s t  be  c u r t a i l e d ,  b u t  in  

the  i m m e d i a t e  f u t u r e  the  c o u n t r y  n e e d s  r a p i d  a g r i c u l t u r a l  d e v e l o p ­

m e n t  to i n c r e a s e  i t s  food s u p p l y  a t  a  f a s t e r  r a t e  t h a n  p o p u la t i o n  

g r o w t h .  I n d e e d ,  the  g o v e r n m e n t  of  B a n g l a d e s h  h a s  g i v e n  h i g h e s t  

p r i o r i t y  to a g r i c u l t u r a l  d e v e l o p m e n t .  A t  p r e s e n t  m a n y  B a n g l a d e s h i  

and  i n t e r n a t i o n a l  e x p e r t s  a r e  h e l p i n g  the  g o v e r n m e n t  in  e v o lv in g  a 

c o m p r e h e n s i v e  a g r i c u l t u r a l  d e v e l o p m e n t  s t r a t e g y  a n d  in  f o r m u l a t i n g  

s p e c i f i c  p r o g r a m s  and  p r o j e c t s  f o r  m a k i n g  the  s t r a t e g y  o p e r a t i o n a l .

I .  2 T he  P r o b l e m ;

Tn a  p r e d o m i n a n t l y  a g r i c u l t u r a l  c o u n t r y  l ik e  B a n g l a d e s h  w h e r e  

f i e l d - c r o p s  c o n s t i t u t e  m o r e  t h a n  90 p e r c e n t  of  a g r i c u l t u r a l  p r o d u c t i o n ,  

the  k n o w le d g e  of  c r o p s  in t e r m s  of t h e i r  p r o d u c t i v i t y  i s  v e r y  i m ­

p o r t a n t .  T h e  c r o p p i n g  p a t t e r n  in  B a n g l a d e s h  is  o v e r w h e l m i n g l y  d o m i ­

n a t e d  b y  r i c e ,  w h i c h  o c c u p i e s  a b o u t  80 p e r c e n t  of the  c r o p p e d  l a n d .

T h i s  i s  c a u s i n g  a  g r o w i n g  c o n c e r n  a m o n g  e x p e r t s  a t  p r e s e n t  s i n c e  s u c h  a
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m o n o c u l t u r e  of  r i c e  i s  e r e  a ' t i n g  s e v e r - e  n u t r i t i o n a l  

an d  p r o d u c t i o n  p r o b l e m s .  E x p e r t s  h a v e  lo n g  a d v i s e d  th a t  B a n g l a ­

d e s h  sh o u ld  a b a n d o n  i t s  r i c e  m o n o c u l t u r e .  R e n e  D u m o n t  s u g g e s t e d  

t h a t  i t  w a s  w r o n g  to c o n c e n t r a t e  e x c l u s i v e l y  o n  r i c e  b e c a u s e  r i c e  

c u l t i v a t i o n  p r o v i d e d  l e s s  e m p l o y m e n t  a n d  n u t r i t i o n  p e r  c u b ic  m e t e r  

o f  w a t e r ,  th e  s c a r c e  i n p u t .  M o r e  a t t e n t i o n  s h o u ld  be  g i v e n  to  v e g e t a ­

b l e s  a s  C h i n a  h a s  done  ( B o s e ,  1974).  I t  w a s  s u g g e s t e d  in  the  T e c h  - 

n i c a l  R e p o r t  No. '  I ( IB R D , 1970) t h a t  c r o p  d i v e r s i f i c a t i o n  w o u ld  p r o ­

v id e  the c o u n t r y  w i t h  n u t r i t i o u s  fo o d s  a nd  f a r m e r s  w i t h  g r e a t e r  

e c o n o m i c  s e c u r i t y  b y  r e d u c i n g  the  p r e s e n t  d e p e n d e n c e  on  r i c e  a s  

a  m a j o r  food  c r o p  an d  ju te  a s  the  m a j o r  e x p o r t  c r o p  w i t h  a n  u n ­

c e r t a i n  f u t u r e  m a r k e t .  T h u s  e x p e r t s  u r g e d  to  q u i c k e n  the  s e a r c h  

f o r  o t h e r  c r o p s  v a lu a b le  b o t h  f o r  the  p e o p le  and  the  e c o n o m y  of 

the  c o u n t r y  ( R a h i m  a n d  I s l a m ,  1974; B o s e ,  1974).  T h e y  b e l i e v e  

t h a t  w h e r e  o t h e r  r e s o u r c e s  and  i n p u t s  a r e  s c a r c e ,  the  p o s s i b l e  

an d  d e s i r a b l e  w a y  to i n c r e a s e  food  p r o d u c t i o n  b o t h  q u a n t i t a t i v e l y  

an d  q u a l i t a t i v e l y  i s  t h r o u g h  c r o p  d i v e r s i f i c a t i o n .  H o w e v e r ,  b e f o r e  

a l l o w i n g  s u c h  a d i v e r s i f i c a t i o n  in  the  p r e s e n t  c r o p p i n g  p a t t e r n ,  i t  

i s  e s s e n t i a l  to h av e  a  w i s e  c h o ic e  of  c r o p s  a d a p t a b l e  to the  p r e s e n t  

p h y s i c a l  a n d  s o c i o - e c o n o m i c  c o n d i t i o n s  a nd  e f f e c t i v e  in  e c o n o m i c  

d e v e l o p m e n t .  In s e l e c t i n g  the  c r o p s ,  i t  i s  n e c e s s a r y  to e x a m i n e  

the p r e s e n t  c r o p p i n g  p a t t e r n s  in  t e r m s  o f  t h e i r  a g g r e g a t e  and  i.n-
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d iv id u a l  c o n t r i b u t i o n s  to l a n d  p r o d u c t i v i t y  u n d e r  the  p r e s e n t  s e t  of  

p h y s i c a l  and  s o c i o - e c o n o m i c  c o n d i t i o n s .

M o r e o v e r ,  in  m o d e r n  d e v e l o p m e n t  p lan n in g  p h i lo s o p h y  the 

d i s t r i b u t i o n  of e c o n o m i c  j u s t i c e  and  o p p o r t u n i t i e s  m u s t  be  s p a t i a l l y  

b a l a n c e d .  In  B a n g l a d e s h ,  th i s  p h i lo s o p h y  h a s  b e e n  o f f i c i a l l y  r e c o g ­

n i z e d  ( F i r s t  F i v e  Y e a r  P l a n ,  1 9 73 -7 8 ) .  S ince  a g r i c u l t u r e  i s  the  

m a i n  e c o n o m i c  a c t i v i t y ,  the  d i s t r i b u t i o n  of e c o n o m i c  j u s t i c e  and 

the e x p a n s i o n  of  e c o n o m i c  o p p o r t u n i t i e s  r e q u i r e  the  k n o w le d g e  of 

c u r r e n t  a g r i c u l t u r a l  t r e n d s  in  e a c h  of  the  a r e a l  u n i t s  u s e d  f o r  

p la n n in g .

The  G o v e r n m e n t  of  B a n g l a d e s h  h a s  b e e n  i n c r e a s i n g l y  u s i n g  

the  " T h a n a "  a d m i n i s t r a t i v e  r e g i o n  a s  the b a s i c  d e v e l o p m e n t  p lan n in g  

u n i t .  * It  i s  t h e r e f o r e ,  e s s e n t i a l  th a t  a l l  c o n t r i b u t i o n s  and  n e e d s  

of  e a c h  t h a n a  a r e  kn o w n .  The p l a n n e r s  m u s t  know w h a t  e v e r y  

t h a n a  i s  c o n t r i b u t i n g  to the  n a t i o n a l  e c o n o m y  in  t e r m s  of a g r i c u l t u r a l

1.
" T h a n a "  i s  the f i f th  r a n k i n g  a d m i n i s t r a t i v e  d i s t r i c t / P o l i c e  S t a t i o n  
i n  B a n g l a d e s h .  The h i e r a r c h y  of a d m i n i s t r a t i v e  d i s t r i c t s  is  a s  
fo l low:

1. C o u n t r y  4.  S u b - D i v i s i o n  - 62
2. D i v i s io n  - 4 5. T h a n a  - 411
3. D i s t r i c t s  - 19 6. U n ion  - 4055

7. V i l l a g e  o r  M o u z a  - 6 4 ,4 9 3
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p r o d u c t i o n .  W i th o u t  k n o w in g  the p r e s e n t  d i s t r i b u t i o n  of  c r o p s  

( a c r e a g e ,  y i e l d ,  c r o p p i n g  i n t e n s i t y  a nd  p r o d u c t i o n ) ,  i t  i s  no t  p o s s i ­

b l e  to g r a s p  the  s p a t i a l  v a r i a t i o n s  in  the  p r o b l e m s  of B a n g l a d e s h  

a g r i c u l t u r e .  S p a t i a l  v a r i a t i o n s  in  c r o p l a n d  p r o d u c t i v i t y  w o u ld  be  

o f  p a r t i c u l a r  i n t e r e s t  i n  B a n g l a d e s h ,  w h e r e  a v a i l a b l e  l a n d  f o r  

e x p a n d i n g  c u l t i v a t i o n  i s  l i m i t e d ,  a n d  the  o n ly  w a y  to m e e t  the  i n ­

c r e a s i n g  p o p u l a t i o n  p r e s s u r e  i s  to i m p r o v e  the  p r o d u c t i v i t y  o f  c r o p s  

a nd  l a n d .

1*3 O b j e c t i v e s  a nd  Scope  of  th e  Study;

In  o r d e r  to e x a m i n e  and  e v a l u a t e  the  c r o p s ,  a c o m p o s i t e  

i n d e x  of c r o p l a n d  p r o d u c t i v i t y  w i l l  be  c a l c u l a t e d  f o r  e a c h  th a n a  in  

B a n g l a d e s h .  T h i s  i n d e x  w o u ld  r e p r e s e n t  the  a g g r e g a t e  p e r f o r m ­

a n c e  of  v a r i o u s  f a c t o r s  s u c h  a s  the  k i n d s  of  c r o p s  g r o w n ,  the sh a re  

of  the  c r o p l a n d  th a t  e a c h  c r o p  o c c u p i e s ,  the  y i e l d s  p e r  a c r e  of 

e a c h  c r o p  and  the  c r o p p i n g  i n t e n s i t y  ( i . e .  the  n u m b e r  of  c r o p s  

g r o w n  f r o m  the  s a m e  p lo t  of  l a n d  in  one  y e a r ) .  L a n d  p r o d u c t i ­

v i ty  m a y  be  m e a s u r e d  i n  s e v e r a l  w a y s  s u c h  a s  c o m p o s i t e  c r o p  

y i e l d s  p e r  u n i t  l a n d ,  c a l o r i c  v a lu e  p e r  u n i t  l a n d  a r e a ,  o r  m o n e t a r y  

v a lu e  p e r  u n i t  l a n d  a r e a  ( G o o d s o n ,  1938).  C o m p o s i t e  c r o p  y i e l d s  in  

n a t u r a l  u n i t s  s u c h  a s  w e i g h t  o r  b u lk  i s  u s e l e s s  b e c a u s e  the  q u a l i t y  

and  q u a n t i t y  of  Ihe p r o d u c t s  a r e  v e r y  d i f f e r e n t .  O n  the  o t h e r  h a n d ,  

c a l o r i c  v a lu e  a l s o  i s  d e f i c i e n t  in  m e a s u r i n g  c e r t a i n  c r o p s  t h a t  a r e
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n o t  m e a n t  f o r  food c o n s u m p t i o n ,  s u c h  a s  f i b e r  c r o p s  ( ju te ) ,  t o b a c c o ,  

o r  r u b b e r .  S ince  w e  c a n  n o t  o v e r l o o k  the i m p o r t a n c e  of ju te  and  

t o b a c c o  in  the  e c o n o m y  of  B a n g l a d e s h ,  i t  i s  p r e f e r a b l e  to u s e  

m o n e t a r y  v a lu e  in  e x p r e s s i n g  the  c r o p l a n d  p r o d u c t i v i t y  i n d e x  in  

t h i s  s t u d y .

G e o g r a p h e r s  a r e  p r i m a r i l y  i n t e r e s t e d  in  s p a t i a l  p a t t e r n s  

t h a t  m a y  r e v e a l  c a u s a l  f a c t o r s .  H o w e v e r ,  s i m p l e  c a r t o g r a p h i c  

d e l i m i t a t i o n  o f  r e g i o n s  o f  h i g h  o r  lo w  p r o d u c t i v i t y  w o u ld  o b s c u r e  

t r a n s i t i o n s  f r o m  one type  to a n o t h e r  I T a r r a n t ,  1969). In t h i s  s t u d y  

the  g r a d i e n t s  of  c h a n g i n g  p r o d u c t i v i t y  w i t h i n  a  d i s t r i b u t i o n  p a t t e r n s  

a r e  e s s e n t i a l  f o r  c o m p a r a t i v e  a n a l y s i s .  W h e n  r e g i o n a l  p a t t e r n s  

a p p e a r  a s  o r d e r l y  g r a d i e n t s  r a t h e r  t h a n  a s  c h a n c e  v a r i a t i o n s ,  t h e y  

m a y  s u g g e s t  c e r t a i n  c a u s e s  o r  p r o c e s s e s  ( M u l l a r ,  1973).

O r d e r l y  s p a t i a l  v a r i a t i o n s  of the p r o d u c t i v i t y  i n d e x  m a y  

s u g g e s t  the  ro l e  o f  v a r i o u s  f a c t o r s  s u c h  a s  p h y s i c a l  f i . e .  r a i n f a l l  

a nd  t e m p e r a t u r e ,  s o i l s ,  l a n d  l e v e l s  in  r e l a t i o n  to f l o o d i n g 1, etc.), 

s o c i o - e c o n o m i c  ( i . e . ,  s i z e  of  f a r m s ,  t e n u r e  c l a s s e s ,  c a p i t a l  i n p u t s ,  

l a b o u r  i n p u t s ,  d e n s i t y  of  p o p u la t i o n ,  p r o x i m i t y  to m a r k e t ,  l i t e r a c y  l e v e l s ,  

e t c . ) ,  t e c h n o l o g i c a l  a n d  o r g a n i z a t i o n a l  ( i . e . ,  a p p l i c a t i o n  of  f e r t i l i z e r s  

a n d  p e s t i c i d e s ,  i r r i g a t i o n ,  m e c h a n i z a t i o n ,  c o o p e r a t i v e  s y s t e m s ,  Govern­
ment p o l i c i e s ,  e t c . )  U n f o r t u n a t e l y ,  d a t a  f o r  t h e s e  f a c t o r s  a r e  n o t  

a v a i l a b l e  a t  the  t h a n a  l e v e l .  H o w e v e r ,  t h i s  s t u d y  m a y  o f f e r  s o m e
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e x p l a n a t i o n  of p r o d u c t i v i t y  l e v e l s  in  r e l a t i o n  to c r o p p i n g  i n t e n s i t y ,  

a c r e a g e s  and  y i e l d s  u n d e r  d i f f e r e n t  c r o p s ,  a l l  of  w h i c h  a r e  a v a i l a b l e  

a t  the  t h a n a  l e v e l .  In f a c t ,  the  a c r e a g e  a n d  y i e ld  of v a r i o u s  c r o p s  

an d  the  c r o p p i n g  i n t e n s i t y  a r e  the  t h r e e  m a j o r  c o m p o n e n t s  o f  the  

p r o d u c t i v i t y  in d e x .  T h u s ,  the  s h a r e  o f  c r o p l a n d  t h a t  e a c h  c r o p  

o c c u p i e s ,  the  p h y s i c a l  y i e l d s  of v a r i o u s  c r o p s  a n d  the c r o p p i n g  

i n t e n s i t y  sh o u ld  h a v e  a  d i r e c t  b e a r i n g  o n  the  p r o d u c t i v i t y  in d e x .

U n d e r  the  p r e s e n t  s e t  of  p h y s i c a l  and  s o c i o - e c o n o m i c  c o n ­

d i t i o n s ,  the  c r o p p i n g  i n t e n s i t y  a nd  the  d i f f e r e n t  c r o p s  t h a t  a r e  g r o w n  

i n  B a n g l a d e s h  v a r y  i n  a c r e a g e  and  y i e l d s  f r o m  a r e a  to a r e a .  S o m e  

c r o p s ,  b y  v i r t u e  o f  t h e i r  l a r g e  a r e a  o r  b y  v i r t u e  of t h e i r  e x c e p t ­

i o n a l  y i e l d s ,  m a y  g e n e r a t e  h ig h  o r  low  v a l u e s  i n  the  p r o d u c t i v i t y  

i n d e x .  S in c e ,  m a n y  a r e a s  of B a n g l a d e s h  c a n  s u p p o r t  m o r e  th a n  

one c r o p  g o r w n  on  the  s a m e  p lo t  o f  l a n d  in  one  y e a r  the  c r o p p i n g  

i n t e n s i t y  s h o u ld  h a v e  a  d i r e c t  b e a r i n g  on  c r o p l a n d  p r o d u c t i v i t y .  

E s s e n t i a l l y  the  c o n t r i b u t i o n  o f  the  c r o p s  a nd  c r o p p i n g  i n t e n s i t y  

to c r o p l a n d  p r o d u c t i v i t y  m u s t  b e  e v a l u a t e d  in  o r d e r  to p la n  f o r  the  

f u t u r e  and  to d i s c o v e r  th e  b e s t  u s e s  of l a n d  f o r  s t a b l e  and  o p t i m u m  

r e t u r n s .

T h u s ,  the m a i n  o b j e c t i v e s  of  the  s t u d y  a r e :

1. To c o m p u t e  the  c o m p o s i t e  c r o p l a n d  p r o d u c t i v i t y  i n d e x  

f o r  e a c h  t h a n a  in  B a n g l a d e s h ,
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2. to  d e s c r i b e  and  a n a l y s e  the  s p a t i a l  p a t t e r n s  and  r e g i o n a l  

t r e n d s  t h a t  w o u ld  e m e r g e  f r o m  the  p r o d u c t i v i t y  in d e x ,  and

3. to  - a n a ly se  the  r e l a t i o n s h i p s  b e t w e e n  c r o p l a n d  p r o d u c t i ­

v i t y  a nd  c r o p p i n g  i n t e n s i t y  and  the  a c r e a g e  and  y i e l d s  of d i f f e r e n t  

c r o p s ,  i d e n t i f y i n g  the c r o p s  t h a t  a r e  r e s p o n s i b l e  f o r  h ig h  o r  low  

v a l u e s  i n  the  p r o d u c t i v i t y  in d e x .

S p a t i a l  a n a l y s i s  of  t h i s  k in d  h a s  lo n g  b e e n  f e l t  n e c e s s a r y  

b y  the  p l a n n e r s  f o r  a  c o u n t r y  l ik e  B a n g l a d e s h .  S u c h  s t u d y  h a s  a 

g r e a t  e m p i r i c a l  v a l u e ,  f o r  i t  w o u l d  p r o v i d e  f o r  the  f i r s t  t i m e  a 

d e t a i l e d  a n a l y s i s  of  c r o p s  an d  t h e i r  i n f lu e n c e  on  c r o p l a n d  p r o d u c t i ­

v i t y  b y  t h a n a .  The  s t u d y  w o u ld  h e l p  the  p l a n n e r s  in  e v a l u a t i n g  the  

r o l e  df  c r o p s  b y  t h e i r  a c r e a g e ,  y i e l d s  a nd  i n t e n s i t y  i n  the  s p a t i a l  

p a t t e r n s  of  e c o n o m i c  o u t p u t  f r o m  a g r i c u l t u r e .  A n a l y s i s  of s p a t i a l  

p a t t e r n s  w o u l d  h e lp  d i f f e r e n t i a t e  a r e a s  of h i g h  a n d  lo w  p r o d u c t i v i t y  

so  t h a t  n e c e s s a r y  a c t i o n s  f o r  d i f f e r e n t  a r e a s  w o u ld  be  t a k e n .  T h i s  

s t u d y  w o u ld  p r o v i d e  s o m e  b a s i c  i n f o r m a t i o n  n e e d e d  f o r  p l a n n in g  

a n y  c h a n g e s  i n  the  c r o p p i n g  p a t t e r n s .
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C H A P T E R  2 

R E V I E W  O F  L I T E R A T U R E

2. 1 M e a s u r e m e n t  of A g r i c u l t u r a l  P r o d u c t i v i t y :  -

The  n o t io n  of  a g r i c u l t u r a l  p r o d u c t i v i t y  i s  g e n e r a l l y  c o n s i d e r ­

ed  a s  the  t o t a l  a g r i c u l t u r a l  o u tp u t  p e r  u n i t  of in p u t .  T h e  u s e  of  th is  

c o n c e p t ,  i n  m e t h o d s  and  c r i t e r i a ,  h a s  d i f f e r e d  f r o m  a u t h o r  to a u t h o r ,  

a r e a  to a r e a  and  f r o m  t i m e  to t i m e ,  d e p e n d in g  on  the  u l t i m a t e  p u r p o s e .  

A t  l e a s t  f o u r  a p p r o a c h e s  to the  m e a s u r e m e n t  of a g r i c u l t u r a l  p r o d u c t i ­

v i ty  m a y  be  r e c o g n i z e d :  (1) o u tp u t  p e r  u n i t  a r e a ;  (2) o u tp u t  p e r

u n i t  o f  l a b o u r  a p p l i e d ,  i . e .  p e r  m a n - h o u r ;  (3) o u tp u t  in  r e l a t i o n  

to in p u t ,  i . e .  i n p u t - o u t p u t  r a t i o  and  p r o f i t  d e r i v e d  f r o m  f a r m i n g ,  

and  (4) o u tp u t  e x p r e s s e d  in  t e r m s  of g r a i n  e q u i v a l e n t s  p e r  h e a d  

of  p o p u la t i o n  ( B h a t i a ,  1965). F o r  (2) and  (3) d a t a  a r e  no t  r e a d i l y  

a v a i l a b l e  in  m a n y  p a r t s  of  the  w o r l d  e s p e c i a l l y  in  B a n g l a d e s h .

O u tp u t  p e r  u n i t  a r e a  i s  the  m o s t  c o m m o n l y  u s e d  m e a s u r e m e n t .

In o r d e r  to c o m p u te  to t a l  a g r i c u l t u r a l  o u tp u t  s o m e  c o m m o n  d e n o ­

m i n a t o r  m u s t  be  e m p l o y e d  f o r  e a c h  c o m m o d i t y  s u c h  a s  b u lk ,  

w e i g h t ,  food  v a lu e  o r  m o n e t a r y  v a l u e .  T h u s ,  d e p e n d in g  on  the 

p u r p o s e  o f  the i n v e s t i g a t i o n ,  a g r i c u l t u r a l  l a n d  p r o d u c t i v i t y  m a y  

b e  m e a s u r e d  i n  t e r m s  of - (a) c o m p o s i t e  c r o p  y i e l d s ,  fb) c a l o r i c

v a lu e  p e r  u n i t  l an d  a r e a ,  o r  (c) m o n e t a r y  v a lu e  p e r  u n i t  l a n d  a r e a
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( G o o d s o n ,  1938).

2. 2 O u tp u t  P e r  Unit: A r e a : -

In  the  l a t e  1 9 2 0 's  a n d  1 9 3 0 ' s ,  g e o g r a p h e r s  u s e d  p r o d u c t i o n  

a n d  l a n d  p r o d u c t i v i t y  m e a s u r e m e n t s  to d e f in e  a g r i c u l t u r a l  r e g i o n s  

an d  r e g i o n s  of  f a r m i n g  s y s t e m s  ( S tu d e n s k y ,  1927;  B a k e r ,  1 9 2 6 -3 2 ;  

B r i n k m a n n ,  1930; W h i t t l e s e y ,  1936; _Eusch, 1936; G o o d s o n ,  1938). 

T h e s e  i m p o r t a n t  c o n t r i b u t i o n s  to a g r i c u l t u r a l  g e o g r a p h y ,  h o w e v e r ,  

l a c k e d  s t a t i s t i c a l  s o p h i s t i c a t i o n .

K e n d a l l  (1939) ,  a  w e l l  k n o w n  s t a t i s t i c i a n ,  m e a s u r e d  c r o p  

p r o d u c t i v i t y  p e r  u n i t  a r e a  b y  t a k i n g  48 c o u n t i e s  of  E n g la n d  f o r  

s e l e c t e d  y e a r s  and  a p p l i e d  f o u r  c o e f f i c i e n t s .  T he  ’p r o d u c t i v i t y  

c o e f f i c i e n t ’ w a s  m e a s u r e d  on  the  b a s i s  o f  f a c t o r  a n a l y s i s  t e c h n i q u e .  

In  m e a s u r i n g  th e  ’r a n k i n g  c o e f f i c i e n t ’ the  48 c o u n t i e s  w e r e  f i r s t  

r a n k e d  in  the  o r d e r  of  y i e l d s  of  the t e n  c r o p s  and  t h e n  the a r i t h ­

m e t i c  m e a n  of  the  r a n k  n u m b e r s  w e r e  o b t a i n e d .  T h e  t h i r d  and  

f o u r t h  c o e f f i c i e n t s  a r e  the  ’m o n e t a r y  value* a n d  th e  ’e n e r g y  v a l u e ’. 

T he  c o e f f i c i e n t s  w e r e  o b t a i n e d  b y  e x p r e s s i n g  the y i e l d s  i n  t e r m s  of  

m o n e y  v a lu e  a nd  e n e r g y  c o n t e n t  ( c a l o r i c  and  p r o t e i n  v a lu e ) .

T he  r a n k i n g  c o e f f i c i e n t  m e t h o d  of  K e n d a l l  w a s  a l s o  a d o p t ­

e d  b y  L .  D. S t a m p  in  h i s  b o o k  L a n d  F o r  T o m o r r o w  f ! 9 4 0 ) .  L a t e r ,  

i n  h i s  O u r  D e v e lo p in g  W o r l d  f !9 6 0 )  he a p p l i e d  the  t e c h n iq u e  to 

m e a s u r e  the  p r o d u c t i v i t y  o f  20 c o u n t r i e s  on  the b a s i s  of  p e r  a c r e
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y i e l d s  of  n ine  s e l e c t e d  c r o p s .  The  c o u n t r i e s  w e r e  p l a c e d  in  o r d e r  

of  o u tp u t  p e r  a c r e  f o r  e a c h  c r o p .  T h e  r a n k s  o c c u p i e d  b y  e a c h  

c o u n t r y  r e l a t i v e  to the  s e l e c t e d  c r o p s  w e r e  t h e n  a v e r a g e d  and  

f r o m  t h e s e  a v e r a g e s  the  r a n k i n g  c o e f f i c i e n t s  o f  c r o p  p r o d u c t i v i t y  

o f  e a c h  c o u n t r y  w a s  o b t a i n e d .  S i m i l a r  m e t h o d  w a s  a l s o  a p p l i e d  

b y  M. Shaf i  ( I9 6 0 )  and  M. K. E l a h i  (1965) .  E l a h i  h o w e v e r ,  m o d i f i e d  

the  m e t h o d  b y  i n c lu d in g  the  r a n k s  o f  d i s t r i c t s  a c c o r d i n g  to the  c r o p p ­

in g  i n t e n s i t y .  The r a n k i n g  c o e f f i c i e n t  m e t h o d  on  the  b a s i s  of  a v e r ­

ag e  y i e l d s  m a y  be  b i a s e d  in  c a s e  o f  the  a r e a s  of i n s i g n i f i c a n t  a c r e ­

a g e s  w h e r e  c e r t a i n  c r o p s  h a v e  h i g h e r  y i e l d s  p e r  a c r e  th a n  t h o s e  

a r e a s  w h i c h  o c c u p y  s u b s t a n t i a l  a c r e a g e s  w i t h  p o o r  y ie ld  p e r  a c r e .

G. Y. E n y e d i  (1964) h o w e v e r ,  s u g g e s t e d  a  f o r m u l a  f o r  d e t e r m i n i n g  

a n  i n d e x  of p r o d u c t i v i t y  c o e f f i c i e n t :

{ y/Yn) : ( t / T n>

w h e r e  y i s  the  t o t a l  y i e ld  of the r e s p e c t i v e  c r o p  in  the  u n i t  a r e a ,

Yn i s  the  to ta l  y i e ld  of the  c r o p  a t  the  n a t i o n a l  s c a l e ,  t  i s  the  t o t a l  

c r o p  a r e a  of  the  d i s t r i c t  and  T ^  i s  the  t o t a l  c r o p  a r e a  a t  the  n a t i o n ­

a l  s c a l e .

O n e  o f  the d r a w b a c k s  of t h i s  f o r m u l a  i s  t h a t  t h e r e  a r e  c e r ­

t a i n  c a s e s  w h e r e  the  r e s u l t s  a r e  i n f l u e n c e d  b y  the  s i z e  of the  a r e a  

u n d e r  a p a r t i c u l a r  c r o p  w h e n  the y i e l d  o f  t h a t  c r o p  in  the  d i s t r i c t
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i s  the  s a m e  a s  o r  l e s s  t h a n  the n a t i o n a l  y i e l d .  tn  s u c h  a c a s e ,  

c o m p u t a t i o n  a c c o r d i n g  to f o r m u l a  w o u ld  r e v e a l  a  c o e f f i c i e n t  h i g h e r  

t h a n  the  n a t i o n a l  a v e r a g e  f o r  t h a t  c r o p .  To  o v e r c o m e  th i s  d i f f i ­

c u l ty ,  Sha f i  (1972) h a s  m a d e  a n  a t t e m p t  to m o d i f y  the  f o r m u l a .

Tn th e  m o d i f i e d  f o r m u l a  the  y i e l d s  of a l l  the  c r o p s  i.n the  d i s t r i c t  

w e r e  a d d e d  and  d i v id e d  b y  the  t o t a l  a r e a  o f  a l l  the  c r o p s  i n  th a t  

d i s t r i c t .  T h u s  the  r e s u l t  w a s  e x a m i n e d  in  r e l a t i o n  to the  t o t a l  

y i e l d  o f  the  c r o p s  a t  the  n a t i o n a l  l e v e l .  S h a f i ’s f o r m u l a  m a y  be  

r e p r e s e n t e d  a s :

2 n (  y / t )  : S n (  y / T )

S. S. B h a t i a  (1967)  a p p l i e d  a  new  m e a s u r e  i n  d e f in in g  

11 a g r i c u l t u r a l  e f f i c i e n c y "  ( s y n o n y m o u s  to c r o p l a n d  p r o d u c t i v i t y )  

i n  U t t a r  P r a d e s h ,  In d ia .  He f i r s t  c a l c u l a t e d  a  " y i e l d  e f f i c i e n c y  

in d e x "  f o r  e a c h  a r e a l  u n i t ,  w h e r e  th e  a v e r a g e  y i e l d s  of v a r i o u s  

c r o p s  i n  the  a r e a l  u n i t  a r e  e x p r e s s e d  a s  p e r c e n t a g e  of  the c o r r e s p ­

o n d in g  a v e r a g e  y i e l d s  of v a r i o u s  c r o p s  f o r  the  w h o le  r e g i o n .  He 

e x p r e s s e d  i t  a s :

w h e r e  Iy.a  i s  the  y i e ld  i n d e x  of c r o p  a ,  Y c i s  the  y ie ld  of c r o p  a 

in  the  a r e a l  u n i t , '  a n d  Y r  i s  the y ie ld  of  c r o p  a  i n  the e n t i r e  r e ­

g io n .
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T h e n  the y ie ld  e f f i c i e n c y  in d e x  of e a c h  c r o p  is  m u l t i p l i e d  

b y  the p e r c e n t a g e  of  the  c r o p p e d  a r e a  t h a t  e a c h  c r o p  o c c u p i e s ,  and  

f i n a l l y  d iv id e d  by  the  t o t a l  p e r c e n t a g e  of c r o p p e d  a r e a  th a t  a l l  the 

c r o p s  c o n s i d e r e d  o c c u p y  to g e t  the  " a g r i c u l t u r a l  e f f i c i e n c y "  of the 

a r e a l  u n i t  r e l a t i v e  to the  w h o le  r e g i o n .  The  f o r m u l a  i s  a s  fo l lo w s :

I . C  + I . . C ,   I . Cy a  a  yb b yn  n
E.i C + C, ......................... Ca  b n

w h e r e  E.  i s  the  a g r i c u l t u r a l  e f f i c i e n c y  in d e x ,  I , I , ,  I\ °  7 y a  yb y n

a r e  the  y i e ld  i n d e x e s  of  v a r i o u s  c r o p s ,  and  C , C, ......................... C7 r  a  b n

a r e  p e r c e n t a g e s  of  c r o p l a n d  u n d e r  d i f f e r e n t  c r o p s .

I. S t e b e l s k y  (1964)  and  A. D u t t ,  e t  a l  (1969)  c a l c u l a t e d  

a g r i c u l t u r a l  l and  p r o d u c t i v i t y  i n d e x  b y  t a k i n g  the  g r o s s  to ta l  o u t ­

put  of  a l l  a g r i c u l t u r a l  c o m m o d i t i e s  in  m o n e t a r y  v a lu e  d iv id e d  b y  

the  t o ta l  a g r i c u l t u r a l  l a n d s  d e v o te d  to t h e m .

4 .  3 G r a i n  E q u i v a l e n t s :

O u tp u t  e x p r e s s e d  in  g r a i n  e q u i v a l e n t s  w a s  u s e d  f o r r  the  

f i r s t  t i m e  by  J . L .  B u c k  (1937)  in  h i s  s t u d y  of C h i n e s e  a g r i c u l t u r e .  

A c c o r d i n g  to h i m  in  a  s u b s i s t e n c e  a g r i c u l t u r a l  c o u n t r y  l ik e  C h in a  

p r o d u c t i v i t y  and  v o l u m e  of  p r o d u c t i o n  e x p r e s s e d  in  t e r m s  of m o n e y  

w e r e  not  m e a n i n g f u l .  T a k i n g  a l l  fo o d g ra i .n s  to be  e q u i v a l e n t  in  food 

v a l u e s  and  b a s i n g  h i s  u n i t  on one K i l o g r a m  of w h a t e v e r  k in d
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of  g r a i n  w a s  p r e d o m i n a n t  i n  the  l o c a l i t y ,  he  c o n v e r t e d  a l l  o t h e r  

p r o d u c t s  to g r a i n  e q u i v a l e n t s  on  the  b a s i s  of  the  a m o u n t  of the  

m o s t  c o m m o n l y  c o n s u m e d  g r a i n  of  the  l o c a l i t y  t h a t  the  p r o d u c t s
I

w o u ld  b u y .

P r o f e s s o r  de V r i e s ,  a s  q u o te d  i n ' T h e  E c o n o m i e s  of 

S u b s i s t e n c e  A g r i c u l t u r e ' ( C l a r k  a n d  H a s h w e l l ,  1964), m o d i f i e d  

B u c k ' s  m e t h b d  of  o b t a i n i n g  g r a i n  e q u i v a l e n t s  b y  e x p r e s s i n g  the 

o u tp u t  o f  s e l e c t e d  A s i a n  c o u n t r i e s  i n  t e r m s  of 'm i l l e d  r i c e  e q u i v a ­

l e n t s '  p e r  h e a d  of  p o p u l a t i o n .  W h e r e  B u c k  h a d  c o n s i d e r e d  a l l  g r a i n s  

a s  e q u a l ,  de V r i e s  c o n v e r t e d  v a r i o u s  k i n d s  o f  g r a i n  in to  r i c e  e q u i ­

v a l e n t s  a c c o r d i n g  to th e  l o c a l  m a r k e t  p r i c e  o f  e a c h  g r a i n .  C l a r k  

and  H a s h w e l l  (1964) h o w e v e r ,  m a d e  a  f u r t h e r  r e f i n e m e n t ,  e x p r e s s ­

in g  the  o u t p u t  f r o m  a g r i c u l t u r e  i n  t e r m s  o f  K i l o g r a m s  o f  w h e a t  

e q u i v a l e n t  p e r  p e r s o n .  T h e y  e m p l o y e d  a  s c a l e  b a s e d  on  the FA O  

w e i g h t i n g  s y s t e m  f o r  c o n s t r u c t i n g  the  i n t e r n a t i o n a l  i n d e x  n u m b e r s  

of  a g r i c u l t u r a l  p r o d u c t i o n .  T h e  F A O  w e i g h t i n g  s y s t e m  i s  h o w e v e r ,  

b a s e d  on  r e g i o n a l  w h e a t  r e l a t i v e  p r i c e  w e i g h t s  (F A O ,  I9 6 0 ) .

P r o f e s s o r  K o s t r o w i c k i  (1964 ,  1966, 1970,  1973,  1974)

u s e d  c o n v e n t i o n a l  g r a i n  u n i t s  to m e a s u r e  a g r i c u l t u r a l  p r o d u c t i v i t y  

in  h i s  s t u d i e s  of a g r i c u l t u r a l  t y p o lo g y ,  w h i c h  a c c o r d i n g  to h i m  a r e

no t  s u b j e c t e d  to a n y  c h a n g e  in  t im e  and  s p a c e  a s  o p p o s e d  to m o n e -
/

t a r y  v a l u e .  He a l s o  did  not  c o n s i d e r  the  c a l o r i c  v a lu e  b e c a u s e  he
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w a n t e d  to i n c lu d e  n o n - f o o d  c r o p s  a s  w e l l  ( s u c h  a s  f i b e r  c r o p s ,  

t o b a c c o ,  e t c . ) .  He c a l c u l a t e d  the p r o d u c t i v i t y  i n d e x  b y  t a k in g  

the  g r o s s  t o t a l  o u tp u t  of  a l l  c r o p s  in  g r a i n  u n i t s ,  a n i m a l s ,  and  

t h e i r  b y - p r o d u c t s  d iv id e d  b y  the t o t a l  a r e a  d e v o te d  to t h e m .  In 

h i s  r e p o r t  on  W o r ld  A g r i c u l t u r a l  T y p o lo g y  (1973 ,  1974), p r o ­

d u c t i v i t y  of  a g r i c u l t u r e  w a s  e x p r e s s e d  w i t h  two i n d i c e s  - (a)

l a n d  p r o d u c t i v i t y  m e a s u r e d  in  g r o s s  a g r i c u l t u r a l / c r o p  and 

a n i m a l / p r o d u c t i o n  i n  g r a i n  u n i t s  p e r  one h e c t a r e  o f  a g r i c u l t u r a l  

l a n d ,  and  (b) ' l a b o u r  p r o d u c t i v i t y 1 m e a s u r e d  in  g r o s s  a g r i c u l t u r a l  

p r o d u c t i o n  i n  g r a i n  u n i t s  p e r  p e r s o n  e c o n o m i c a l l y  a c t i v e  in  a g r i ­

c u l t u r e .  H o w e v e r ,  in  the  s tu d y  of  e i t h e r  a  c o u n t r y  o r  a r e g i o n ,  

he  r e c o m m e n d e d  the  u s e  of  m o n e t a r y  v a lu e  to k e e p  the c o m p a r ­

a b i l i t y  in  t im e  and to m a k e  c o m p a r i s o n s  in  s p a c e  p o s s i b l e ,  and  a l s o  

r e c o m m e n d e d  the u s e  of  f ix e d  p r i c e s  r a t h e r  th a n  c u r r e n t  p r i c e s .

2 . 4  M e a s u r e m e n t  o f  C r o p p i n g  I n t e n s i t y:

C r o p p i n g  i n t e n s i t y  i s  d i r e c t l y  r e l a t e d  to the  m e a s u r e m e n t  

of c r o p l a n d  p r o d u c t i v i t y .  T he  m o s t  c o m m o n l y  u s e d  m e t h o d  in  m e a s u r ­

ing  c r o p p i n g  i n t e n s i t y  i s  th e  r a t i o  of g r o s s  c r o p p e d  a r e a  to n e t  

c r o p p e d  a r e a  ( G i n s b u r g ,  1963; A h m a d ,  1968; L a u t ,  1968;  S e n g u p ta ,  

1970; B a n g l a d e s h  S t a t i s t i c s ,  1974; J a b b a r ,  1977). H o w e v e r ,  a 

p r e c i s e  m e a s u r e  of  a g r i c u l t u r a l  i n t e n s i t y  is  the  r a t i o  of
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the  q u a n t i t y  of i n p u t s  to the  l a n d .  B u t  d a t a  on  the  q u a n t i t y  of 

i n p u t s  u s e d  in  f a r m i n g  a r e  no t  r e a d i l y  a v a i l a b l e .  J .  D. S t r y k e r  

m e a s u r e d  i n t e n s i t y  of  l a n d  u s e  b y  the  c o s t  i n  t e r m s  of t r a v e l  

t i m e  b e t w e e n  the f i e l d s  a nd  the f a r m e r ' s  h o u s e  of  r e s i d e n c e  (1976) .  

He s t a t e s  t h a t  thas r e l a t i o n s h i p  b e t w e e n  c r o p p i n g  i n t e n s i t y  an d  i n t r a ­

f a r m  t r a v e l  i s  e v i d e n t  i n  a r e a s  w h e r e  l a n d  is  a b u n d a n t .  B u t  h i s  

m o d e l  a p p e a r s  u n s u i t a b l e  f o r  a r e a s  w h e r e  t h e r e  i s  a c u t e  s c a r c i t y  of  

a g r i c u l t u r a l  l a n d ,  o r  w h e r e  i n t r a - f a r m  d i s t a n c e s  a r e  m i n i m a l .  A n y ­

w a y ,  a p p l i c a t i o n  of  t h i s  m o d e l  a p p e a r s  d i f f i c u l t  b e c a u s e  the type  of  

i n f o r m a t i o n  r e q u i r e d  f o r  i t s  c o m p u t a t i o n  i s  o n ly  a v a i l a b l e  t h r o u g h  

r i g o r o u s  and  c a r e f u l  f i e l d  w o r k .

R e c e n t l y ,  E .  D a y a l  (1978) d e v e l o p e d  a  new  m e t h o d  of  m e a ­

s u r i n g  c r o p p i n g  i n t e n s i t y .  A c c o r d i n g  to h i m ,  the  t r a d i t i o n a l  m e t h o d  

( r a t i o  of  g r o s s  c r o p p e d  a r e a  to n e t  c r o p p e d  a r e a )  i s  m i s l e a d i n g  f o r  

i t  d o e s  no t  t a k e  in to  a c c o u n t  the  d u r a t i o n  of  c r o p s  i n  the  f i e ld ,  

w h e r e  d i f f e r e n t  c r o p s  h a v e  d i f f e r e n t  p e r i o d s  of  m a t u r i t y .  In  the  

t r a d i t i o n a l  m e t h o d ,  a r e a s  u n d e r  l o n g - d u r a t i o n  c r o p s  b e c o m e  d e ­

f l a t e d  and  do not  s h o w  u p  w e l l  i n  the  i n t e n s i t y  p a t t e r n s .  O t h e r s  

a l s o  r e c o g n i z e d  the  c o n c e p t u a l  p e c u l i a r i t i e s  of the  t r a d i t i o n a l  m e t h o d  

and  the  i m p o r t a n c e  of  c r o p  d u r a t i o n ,  b u t  th e y  h a v e  n o t  m a d e  any  

a t t e m p t  to a d j u s t  i t  ( M s l l o r ,  1968: M y r d a . 1 , 1 9 6 8 ;  B r o o k f i e l d  and  

H a r t ,  1971; R a o ,  1972).
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In h i s  new m e t h o d  D a y a l  c a l c u l a t e d  the  i n d e x  a s  the r a t i o  

of  the  a g g r e g a t e  of c r o p  a r e a s  u n d e r  v a r i o u s  c r o p s ,  e a c h  m u l t i p l i e d  

b y  the  d u r a t i o n  of  the  c r o p  in  the  f i e l d ,  to the n e t  s o w n  a r e a .  The 

f o r m u l a  i s  t h u s ,  a s  f o l lo w s :

n
S .T A  . • d ^I  1=1 c ic =

W h e r e  I i s  the  c r o p p i n g  i n t e n s i t y  i n d e x ,  A c . i s  the  a r e a  u n d e r  

c r o p  i ,  d^ i s  the  d u r a t i o n  o f  c r o p  i i n  the  f i e l d ,  a nd  Q i s  the  n e t  

s o w n  a r e a .

H o w e v e r ,  the  new  m e t h o d  s e e m s  to be  d i f f i c u l t  to a p p ly  in  

c a s e  of B a n g l a d e s h  s i n c e  d i f f e r e n t  v a r i e t i e s  of  the  s a m e  c r o p  a r e  

g r o w n  in  d i f f e r e n t  e c o l o g i c a l  c o n d i t i o n s  and  h a v e  d i f f e r e n t  d u r a t i o n  

p e r i o d s  i n  the  f i e ld .  F o r  e x a m p l e ,  a m a n ,  the  m a i n  r i c e  c r o p ,  h a s  

two d u r a t i o n  p e r i o d s  i n  the  f i e l d .  B r o a d c a s t  a m a n  is  so w n  in  M a r c h  

- A p r i l  i n  l o w - l y i n g  d e e p l y  f lo o d e d  a r e a s ,  s o m e t i m e s  t o g e t h e r  w i t h  

a u s  r i c e .  A u s  i s  h a r v e s t e d  in  J u l y  - A u g u s t  l e a v i n g  the  a m a n  to 

g r o w  u n t i l  i t s  h a r v e s t  i n  N o v e m b e r .  A n o t h e r  c o m m o n  type  of a m a n  

i s  t r a n s p l a n t e d  in  J u l y  - A u g u s t  and  h a r v e s t e d  a t  th e  end  of  N o v e m ­

b e r  o r  e a r l y  D e c e m b e r .  T h u s ,  t h e s e  two t y p e s  of a m a n  h a v e  two 

d i f f e r e n t  d u r a t i o n  p e r i o d s  i n  the  f i e l d ,  one  f o r  n ine  m o n t h s  and  the 

o t h e r  f o r  f o u r  m o n t h s .  The  new m e t h o d  o f  i n t e n s i t y  m e a s u r e m e n t
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c a n n o t  be  u s e d  in  th i s  s t u d y  s i n c e  a m a n  i s  i d e n t i f i e d  i n  a g r i c u l t u r a l  

s t a t i s t i c s  of B a n g l a d e s h  a s  a s in g l e  c r o p .

2. 5 R e v i e w  of  B a n g l a d e s h  L i t e r a t u r e :

In  B a n g l a d e s h  v e r y  few  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  on  

a g r i c u l t u r a l  l a n d  p r o d u c t i v i t y .  E c o n o m i s t s  and  a g r o n o m i s t s  h a v e  

done  s o m e  r e s e a r c h  on  p r o d u c t i v i t y  a t  the  m i c r o - l e v e l .  Zaman 

(1973) ,  H u s s a i n  (1974)  a n d  J a b b a r  (1977) in  t h e i r  s t u d i e s  of r e l a t i v e  

e f f i c i e n c y  o f  f a r m - s i z e s  a n d  t e n u r e  c l a s s e s  foun d  t h a t  the  s m a l l e r  

the  f a r m  s i z e ,  the h i g h e r  the  e f f i c i e n c y  of l a n d  u s e .  T h e y  a l s o  

fo u n d  t h a t  the  o w n e r - o p e r a t e d  f a r m s  w e r e  r e l a t i v e l y  m o r e  p r o d u c t ­

iv e  t h a n  the  s h a r e  c r o p p e d  a n d  t e n a n t  f a r m s .  Tn a l l  o f  the  above  

s t u d i e s ,  l a n d  p r o d u c t i v i t y  w a s  m e a s u r e d  a c c o r d i n g  to the  g r o s s  

v a lu e  of c r o p s ,  a n i m a l s  a n d  b y - p r o d u c t s  p r o d u c e d  p e r  f a r m  o r  p e r  

a c r e  of  l a n d ,  and  e a c h  c o m m o d i t y  w a s  v a lu e d  a t  a  c o n s t a n t  p r i c e .

I n  a  s t u d y  t h a t  u s e d  t h a n a  s t a t i s t i c s ,  M o r r i s o n  (1972)  found  

t h a t  the  m o s t  s u c c e s s f u l  f a r m i n g  ( in  t e r m s  of  p r o d u c t i v i t y )  w a s  r e ­

l a t e d  to s m a l l  f a r m s  o p e r a t e d  b y  o w n e r  c u l t i v a t o r s .  He u s e d  d a t a  

o f  37 s a m p l e  t h a n a s  d i s t r i b u t e d  t h r o u g h o u t  the  s e l e c t e d  19 a g r o ­

g e o g r a p h i c  r e g i o n s  w h i c h  he  d e r i v e d  f r o m  H. R a s h i d ’s (1967)  122 

a g r i c u l t u r a l  r e g i o n s  of  B a n g l a d e s h .  H is  m e a s u r e m e n t  of  p r o d u c t i ­

v i ty  w a s  b a s e d  on the g r o s s  c u l t i v a t e d  a r e a  a s  p e r c e n t a g e  of the n e t
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c u l t i v a t e d  a r e a  and  the  p e r c e n t a g e  of ju te  in  r e l a t i o n  to the  ne t  

c r o p p e d  a r e a .  A r e a s  w i t h  5 p e r c e n t  o r  m o r e  ju te  t o g e t h e r  w i t h  

a r e a s  of  h i g h  c r o p p i n g  i n t e n s i t y  w e r e  r e g a r d e d  a s  the  r e g i o n s  o f  

h ig h  a g r i c u l t u r a l  p r o d u c t i v i t y .

2.  6 C o m p u t e r  M a p p in g  a nd  A n a l y s i s  of  S p a t i a l  V a r i a t i o n s :

T r a d i t i o n a l  c a r t o g r a p h i c  p r o c e d u r e s  i n  d e l i m i t i n g  the  r e g i o n s  

o f  a g r i c u l t u r a l  p h e n o m e n a  g e n e r a l l y  o b s c u r e  the  t r a n s i t i o n s  f r o m  one 

type  to a n o t h e r  a s  w e l l  a s  the  t r u e  c h a r a c t e r  of a g r i c u l t u r a l  d i s t r i ­

b u t i o n  ( T a r r a n t ,  1969).  R e c e n t  d e v e l o p m e n t  o f  t r e n d  s u r f a c e  a n a l ­

y s i s  i s  a  p r o m i s i n g  c o m p u t e r  m a p p i n g  t e c h n iq u e  w h i c h  c a n  so lv e  

s u c h  r e g i o n a l  b o u n d a r y  p r o b l e m s  ( M o r g a n  and  M u n to n ,  1971).  It  

c a n  s e p a r a t e  o v e r a l l  t r e n d s  in  a r e a l l y  d i s t r i b u t e d  d a t a  f r o m  l o c a l  

e x c e p t i o n .  T h i s  i s  a  v e r y  u s e f u l  m e t h o d  no t  o n ly  f o r  m a p p i n g ,  b u t  

a l s o  a  too l  f o r  e x p l a i n i n g  s p a t i a l  t r e n d s .  T h e  u s e  o f  th i s  t e c h n iq u e  

w a s  f i r s t  a p p l i e d  i n  g e o lo g y  ( K r u m b e i n ,  1959;  G r a n t ,  1961). In 

g e o g r a p h y  the  u s e  o f  t h i s  m e t h o d  d a t e s  f r o m  m i d - 1 9 6 0 ' s  ( T o b l a r ,  

1964; C h o r l e y  and  H a g g e t t ,  1965), and  p h y s i c a l  g e o g r a p h e r s  r a t h e r  

t h a n  h u m a n  g e o g r a p h e r s  h a v e  so  f a r  b e e n  the  m a j o r  u s e r s  (King,  

1969; P e t e r s o n  a nd  R o b i n s o n  1969; M a n d e r v i l l e  St R o d d a ,  1970; 

T a r r a n t ,  1970; R o b i n s o n ,  P e t e r s o n  St A n d e r s o n ,  1971; B a s s e t t  

a nd  C h o r l e y ,  1971; U nw in ,  1973).  T h i s  i s  b e c a u s e  p h y s i c a l  g e o g -
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r a p h e r s  d e a l  m o s t l y  w i t h  p o i n t - v a l u e d  d a t a ,  w h e r e  d i s c o n t i n u i t y  is  

u n l i k e l y ,  w h e r e a s  h u m a n  g e o g r a p h e r s  d e a l  w i t h  a r e a - v a l u e d  d a t a  

t h a t  a r e  m o r e  p r o n e  to d i s c o n t i n u i t y .  If  a r e a  v a l u e d  d a t a  a r e  to 

be  u s e d  f o r  t r e n d  s u r f a c e  m a p p i n g  the  s h a p e s  and  s i z e s  of a r e a l  

u n i t s  s h o u ld  b e  m o r e  o r  l e s s  s i m i l a r  a nd  s m a l l  i n  r e l a t i o n  to  the  

to ta l  a r e a  m a p p e d ,  so  t h a t  b e t t e r  r e f e r e n c e  p o i n t s  c o u ld  be  o b t a i n e d  

( N o r d b e c k ,  1962). M o r e o v e r ,  the  d i s t r i b u t i o n  of  r e f e r e n c e  p o in t s  

sh o u ld  be  m o r e  o r  l e s s  e v e n l y  s p a c e d .

T r e n d  s u r f a c e  a n a l y s i s  w a s  f i r s t  u s e d  in  a g r i c u l t u r a l  g e o g ­

r a p h y  b y  T a r r a n t  (1969) .  He u s e d  158 R u r a l  D i s t r i c t s  a s  d a t a  p o in t s  

to  " d e t e r m i n e  the  m o r e  i m p o r t a n t  u n d e r l y i n g  t r e n d s  in  s o m e  c h a r a c t ­

e r i s t i c s  of I r i s h  f a r m i n g  to e m p h a s i z e ,  n o t  the  r e g i o n a l  d i v i s i o n s ,  

b u t  the  o v e r a l l  u n i ty  in  the  p r o g r e s s i o n  b e t w e e n  e x t r e m e  t y p e s .  "

He e x a m i n e d  o n ly  the  s u r f a c e s  c a l c u l a t e d  f r o m  the e x p a n s i o n  of 

l i n e a r ,  q u a d r a t i c  a n d  c u b ic  p o l y n o m i a l  f u n c t i o n s  of the  f o r m .  In  

a n o t h e r  s tu d y ,  M u l l e r  (1973)  u s e d  t r e n d  s u r f a c e  a n a l y s i s  to t e s t  

the  v a l i d i t y  o f  Von T h i i n e n ' s  m o d e l  a s  a n  o r g a n i z a t i o n a l  c o n s t r u c t  

a n d  a s  a n  a n a l y t i c a l  too l  in  m a c r o - g e o g r a p h i c a l  p a t t e r n  of  A m e r i c a n  

a g r i c u l t u r e .  In  h i s  s t u d y ,  he  u s e d  1376 c o u n t i e s  a s  d a t a  p o in t s  w h i c h  

r e s u l t e d  in  a  good  p a t t e r n  to i n f e r  t h a t  the  m a c r o - T h u n i a n  d i s t a n c e  

r e l a t i o n s h i p  h a s  s t r o n g l y  s h a p e d  the  A m e r i c a n  a g r i c u l t u r a l  d e v e l o p ­

m e n t .
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2. 7 M u l t i f a c t o r  A n a l y s i s :

A g r i c u l t u r e  i t s e l f  i s  a  v e r y  c o m p l e x ,  h e t e r o g e n e o u s  p h e n ­

o m e n o n ,  in  w h i c h  v a r i o u s  a s p e c t s  and  c h a r a c t e r i s t i c s  a r e  i n t e r ­

r e l a t e d  o r  i n t e r c o n n e c t e d .  The  p r o d u c t i o n  p a t t e r n s  in  a g r i c u l t u r e  

a r e  f u n c t i o n s  of m a n y  f a c t o r s .  In  o r d e r  to  m a n i p u l a t e  a w id e  r a n g e  

o f  v a r i a b l e s  in  a g r i c u l t u r a l  r e s e a r c h  g e o g r a p h e r s  h a v e  i n c r e a s i n g l y  

t u r n e d  to a d v a n c e d  m a t h e m a t i c a l  t e c h n i q u e s .  F a c t o r  a n a l y s i s  o r  

p r i n c i p a l  c o m p o n e n t  a n a l y s i s  w e r e  u s e d  b y  K e n d a l l  (19391, and  H a go o d  

(1941)  i n  g e o g r a p h i c  r e s e a r c h .  G e o g r a p h e r s ,  h o w e v e r ,  h a v e  u s e d  

t h e s e  m e t h o d s  f i r s t  d u r i n g  the m i d - 1 9 6 0 ' s .  H e n s h a l l  and  King  

(1966)  u s e d  f a c t o r  a n a l y s i s  to c l a s s i f y  p e a s a n t  a g r i c u l t u r e  in  

B a r b a d o s  on  the b a s i s  of  c r o p - l i v e s t o c k  c o m b i n a t i o n s .  H e n s h a l l  

(1966)  u s e d  th i s  t e c h n iq u e  to i d e n t i f y  the r e l a t i o n s h i p s  b e t w e e n  

v a r i o u s  s t r u c t u r e s  of  a g r i c u l t u r e  i n  B a r b a d o s  and  r e c o g n i z e d  new 

a g r i c u l t u r a l  r e g i o n s .

A m o r e  c o m m o n  m e t h o d  u s e d  to  a n a l y s e  a r e a l  a s s o c i a t i o n  

i s  the  r e g r e s s i o n  a n a l y s i s .  R o b i n s o n  and  B r y s o n  (1957)  u s e d  t h i s  

t e c h n iq u e  to i d e n t i f y  the  r e l a t i o n s h i p  in  N e b r a s k a  b e t w e e n  r u r a l  

f a r m  p o p u l a t i o n  an d  a v e r a g e  a n n u a l  p r e c i p i t a t i o n .  M a u n d e r  (1966) 

h a s  s t u d i e d  the t o t a l  a g r i c u l t u r a l  p r o d u c t i o n  of N e w  Z e a l a n d ,  w h e r e  

he  u s e d  a  m u l t i p l e  r e g r e s s i o n  m o d e l  to a s s e s s  the  a s s o c i a t i o n  b e -
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t w e e n  tw e n ty  t h r e e  a g r i c u l t u r a l  and  f i f t e e n  c l i m a t i c  v a r i a b l e s .

C l a r k  (1967)  s t u d i e d  the  u s e  of r e s i d u a l s  f r o m  r e g r e s s i o n  f o r  the 

d a i r y  c a t t l e - p i g  r e a r i n g  r e l a t i o n s h i p .

W h e r e  a  l a r g e  n u m b e r  of v a r i a b l e s  a r e  c o n s i d e r e d ,  a 

s t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  m a y  be  u s e d .  In the s t e p ­

w i s e  a n a l y s i s ,  e a c h  v a r i a b l e  i s  a d d e d  to the  e q u a t i o n  in  d e s c e n d i n g  

o r d e r  so  t h a t  the  h i g h e s t  p a r t i a l  c o r r e l a t i o n  of  the  v a r i a b l e  in  e q ­

u a t i o n  is  c o n s i d e r e d  f i r s t ,  a nd  so  on .  R o b i n s o n ,  e t  a l  (1961)  u s e d  

t h i s  t e c h n iq u e  in  t h e i r  s t u d y  of r u r a l  f a r m  d e n s i t i e s  in  the G r e a t  

P l a i n s  of A m e r i c a .

The selection of techniques and methods for various 
stages in the study however, not only depends on the discussed 
technical literature- but also on the actual situation of 
agriculture in Bangladesh as well as the purpose of investi­
gation. The forthcomming methodology chapter will discuss it 
in details.
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C H A P T E R  3

M E T H O D O L O G Y

3. 1 M e a s u r e m e n t  o f  P r o d u c t i v i t y :

T h e  s e l e c t i o n  o f  a  t e c h n iq u e  f o r  m e a s u r i n g  p r o d u c t i v i t y  

d e p e n d s ,  in  m o s t  c a s e s ,  o n  the  s t r u c t u r e  of  a g r i c u l t u r e  i n  a  p a r t i ­

c u l a r  c o u n t r y  a n d  the  p u r p o s e  of  the  i n v e s t i g a t i o n .  In th i s  s t u d y  

th e  o u tp u t  p e r  u n i t  a r e a  a p p r o a c h  in  t e r m s  of  m o n e t a r y  v a lu e  h a s  

b e e n  u s e d  to  m e a s u r e  c r o p l a n d  p r o d u c t i v i t y .  S in c e  in  B a n g l a d e s h  

m o r e  t h a n  one c r o p  i s  r a i s e d  f r o m  a  s in g l e  p lo t  of l a n d ,  c r o p p i n g  

i n t e n s i t y  m u s t  b e  c o n s i d e r e d  in  c a l c u l a t i n g  the  c r o p l a n d  p r o d u c t i v i t y  

i n d e x .  T h e  c r o p p i n g  i n t e n s i t y  i n d e x  w a s  c a l c u l a t e d  b y  d iv id in g  the 

g r o s s  c r o p p e d  a r e a  b y  n e t  c r o p p e d  a r e a .  T h i s  i s  the  m o s t  c o m m o n  

m e t h o d  u s e d  in  m e a s u r i n g  c r o p p i n g  i n t e n s i t y  in  B a n g l a d e s h  ( F i r s t  

F i v e  Y e a r  P l a n ,  1 9 7 3 -7 8 ;  M i n i s t r y  o f  A g r i c u l t u r e ,  1974; R a s h i d ,  

1967)

To c o m p u t e  the  i n d e x  o f  c r o p l a n d  p r o d u c t i v i t y ,  the  g r o s s  

p r o d u c t i o n  of  e a c h  c r o p  f o r  e a c h  t h a n a ' s  c r o p p e d  a c r e a g e  w a s  c a l ­

c u l a t e d  f r o m  the y i e ld  a n d  s o w n  a r e a  d a t a .  T h e  m o n e t a r y  v a lu e  

of  e a c h  c r o p  b a s e d  o n  a v e r a g e  m a r k e t  p r i c e s  w a s  u s e d .  T h e  v a l u e s  

f o r  a l l  c r o p s  w e r e  t h e n  a d d e d  u p  to g iv e  the  t o t a l  v a lu e  of  p r o d u c t ­

io n  f o r  e a c h  t h a n a  a n d  t h e n  th a t  v a lu e  w a s  d iv id e d  b y  the t o t a l  a c r e -
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age  of a l l  c r o p s  in  a t h a n a .  F i n a l l y ,  the  r e s u l t  w a s  m u l t i p l i e d  b y  

the c r o p p i n g  i n t e n s i t y  i n d e x  of the t h a n a  to g ive  the  v a lu e  of  p r o ­

d u c t i o n  p e r  a c r e  of  n e t  c r o p l a n d  - t h a t  i s ,  the  i n d e x  o f  c r o p l a n d  

p r o d u c t i v i t y .

T he  p r o c e d u r e  of  m e a s u r i n g  the p r o d u c t i v i t y  i n d e x  c a n  be  

s p e c i f i e d  b y  the f o l lo w in g  f o r m u l a :

A . .  Y 4. V: Cl

i= l

P x  = C r o p l a n d  P r o d u c t i v i t y  I n d e x

A. = A c r e a g e  u n d e r  the  i t h  c r o p

= Y i e ld s  p e r  a c r e  of  the  i th  c r o p  

V. = V a lue  of the i t h  c r o p

CTt = C r o p p i n g  I n t e n s i t y  In d e x  of  the  tfch th a n a .

3. 2 S tudy  U n i t s  and  the  V a r i a b l e s :

In  o r d e r  to c a l c u l a t e  th e  c r o p l a n d  p r o d u c t i v i t y  in d e x  and 

to a n a l y s e  the  p a t t e r n s  and  s p a t i a l  v a r i a t i o n s  of the  i n d e x  v a l u e ,  t h e  

thana h a s  b e e n  adopted a s  fck e b a s i c  a r e a l  u n i t .  In t e r m s  of 

h i e r a r c h y  the  t h a n a  i s  the  f i f th  r a n k i n g  a d m i n i s t r a t i v e  d i s t r i c t  i n  

B a n g l a d e s h .  M o r e  s t a t i s t i c a l  d a t a  a r e  now be ing  c o l l e c t e d  b y  t h a n a ,
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s i n c e  the G o v e r n m e n t  o f  B a n g l a d e s h  b e g a n  to u s e  i t  a s  the  b a s i c  

d e v e l o p m e n t  p la n n in g  u n i t .  T h e r e  a r e  411 t h a n a s  and  two m e t r o ­

p o l i t a n ‘ a r e a s ,  D a c c a  a n d  C h i t t a g o n g .  O n  the  a v e r a g e  t h e s e  t h a n a s  

v a r y  f r o m  6 0 - 2 5 0  s q u a r e  m i l e s  in  a r e a  ( I s l a m ,  1965).  A l l  the  411 

t h a n a s  e x c e p t  the  two u r b a n  c e n t r e s  h a v e  b e e n  i n c l u d e d  in  th i s  s t u d y .  

S u c h  a s m a l l  u n i t  w o u ld  g ive  m o r e  a c c u r a t e  r a n g e  of  v a r i a t i o n s  and  

l e n d  i t s e l f  b e t t e r  to t r e n d  s u r f a c e  a n a l y s i s .

In  a c c o r d a n c e  w i t h  the  o b j e c t i v e s  o f  the  s tu d y ,  e l e v e n  m o s t  

i m p o r t a n t  f i e l d  c r o p s  w e r e  s e l e c t e d .  A m o n g  the  v a r i o u s  c r o p s  t h a t  

a r e  g r o w n  w i d e l y  a l l  o v e r  B a n g l a d e s h ,  t h e s e  e l e v e n  c r o p s  c o v e r  

a b o u t  92 p e r c e n t  of  the  t o t a l  c r o p p e d  a r e a  ( T a b l e .  3. 1). T h e s e  

11 c r o p s  i n c lu d e  4 r i c e  c r o p s  ( a m a n ,  a u s ,  b o r o  and  IRRI b o r o )  

an d  w h e a t  w h i c h  c o n s t i t u t e  99 p e r c e n t  of  a l l  the  c r e a l s  g r o w n .

P u l s e s  ( in c lu d e  m a s u r ,  k h e s a r i ,  g r a m  a nd  m a s h  k a l a i ) ,  r a p e  and  

m u s t a r d  ( g r o w n  m i x e d ) ,  a n d  s u g a r - c a n e  a r e  i m p o r t a n t  f o r  p r o t e i n  

an d  c a l o r i c  v a l u e .  P o t a t o  i s  a  s t a p l e  v e g e t a b l e .  J u t e  and  t o b a c c o  

a r e  i m p o r t a n t  c a s h  c r o p s .  T he  r a n g e  of  v a r i a t i o n s  i n  a c r e a g e  

a m o n g  t h e s e  c r o p s  i s  v e r y  g r e a t  d e p e n d i n g  o n  th e  p h y s i c a l  and  

s o c i o - e c o n o m i c  c o n d i t i o n s .  R i c e  c r o p s  o c c u p y  78 p e r c e n t  of  the  

t o t a l  c r o p p e d  a r e a  o f  w h i c h  a m a n  and  a u s  a r e  m o r e  o r  l e s s  e v e n l y  

d i s t r i b u t e d  a l l  o v e r  B a n g l a d e s h .  By c o n t r a s t ,  b o r o ,  IRRI b o r o ,  ju te  

and  the  r e m a i n i n g  c r o p s  a r e  h ig h ly  l o c a l i z e d .  A l th o u g h  c r o p s  o t h e r
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T a b le  3. 1

A c r e a g e ,  P e r c e n t a g e  O c c u p e n c y ,  Y i e l d s ,  P r i c e s  and  P e r c e n t a g e  
of  P r o d u c t i o n  b y  V a lu e  of the  s e l e c t e d  11 C r o p s  in  B a n g l a d e s h  
( 1 9 6 9 - 7 0 ) .

C r o p

G r o s s  
c r o p p e d  
a r e a  in  
'0 0 0  a c r e s

% of  t o t a l  
g r o s s  
c r o p p e d  
a r e a

A c r e
y i e l d s
i n
M a u n d

A v e r a g e  
m a r k e t  
p r i c e  in  
R u p s .

% of
p r o d u c t i o n  
b y  v a lu e

* A m a n  R i c e  
( lo c a l )

1 4 , 8 1 2 . 0 45 .  10 12. 7 39.  16 4 5 .  23

A u s  R i c e  
( lo c a l )

8 , 4 1 9 .  0 25.  64 9 . 4 39.  16 19. 02

B o r o  R i c e  
( lo c a l )

1, 6 0 3 . 6 4 .  88 17. 9 39.  16 6. 90

IR R I  B o r o  
(HYV H y b r id )

579.  0 1. 76 4 0 .  0 39.  16 5. 63

Whe a t 269.  0 0. 90 9. 5 23. 00 0. 36

J u t e 2 , 4 6 5 .  0 7. 50 14. 1 30.  91 6. 60

S u g a r - c a n e 4 1 0 .  0 1. 25 48 9 .  9 3. 00 3. 70

R a p e  & M u s t a r d 538.  0 2. 00 6. 8 5 1 . 3 5 1. 15

T o b a c c o 113. 0 0. 34 9o8 1 2 8 .9 0 0. 88

P o t a t o 2 11 .  0 0. 64 110. 0 23.  67 3. 37

P u l s e s
( l e g u m e s )

553.  0 1. 70 8. 6 23.  91 0. 70

T o ta l 2 9 , 9 7 4 . 1 9 1 .7 1 9 3 . 5 2

* L o c a l  A m a n ,  A u s  a n d  B o r o  a r e  the  t r a d i t i o n a l  v a r i e t i e s  of r i c e ,  
w h e r e a s  IR R I  i s  the  H ig h  Y i e ld in g  V a r i e t y  of h y b r i d  r i c e .

S o u r c e : A g r i c u l t u r a l  P r o d u c t i o n  L e v e l s  i n  B a n g l a d e s h ,  B u r e a u
of  S t a t i s t i c s ,  M i n i s t r y  of P l a n n i n g ,  G o v t ,  of  B a n g l a d e s h ,  
197 6, and  p a r t l y  c o m p u t e d .
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th a n  r i c e  and  ju te  o c c u p y  m u c h  s m a l l e r  a c r e a g e s ,  t h ey  a r e  v e r y  

i m p o r t a n t  to the  f a r m e r s  and  to the c o u n t r y  b e c a u s e  of t h e i r  h i g h e r  

p h y s i c a l  y i e ld s  o r  g r e a t e r  m o n e t a r y  v a lu e  (T a b le  3 . 1 ) .  T h e s e  e l e v e n  

c r o p s  r e p r e s e n t  a b o u t  94 p e r c e n t  o f  the  t o t a l  c r o p  p r o d u c t i o n ,  by  

v a l u e .

D a t a  on  the  c r o p p e d  a c r e a g e  and  the  p h y s i c a l  y ie ld s  p e r

a c r e  of t h e s e  e l e v e n  c r o p s  w e r e  c o l l e c t e d  f r o m  the O ff ice  of  A g r i ­

c u l t u r a l  S t a t i s t i c s ,  G ov t ,  of B a n g l a d e s h .  A s  the  a g r i c u l t u r a l  s t a t ­

i s t i c s  a t  the  t h a n a  l e v e l  a r e  not  r e a d i l y  a v a i l a b l e  in  p u b l i s h e d  f o r m ,  

the  s tu d y  is  r e s t r i c t e d  to the  1 9 6 9 -7 0  p e r i o d .  In  f a c t ,  th i s  w a s  the  

o n ly  n o r m a l  y e a r  f r e e  f r o m  a l l  s o r t s  of n a t u r a l  o r  m a n  m a d e  c a t a s ­

t r o p h e s  f o r  a d e c a d e  o r  m o r e .  A l th o u g h  the d a t a  f o r  to ta l  and  n e t  

c r o p p e d  a r e a  f o r  the  19 6 9 -7 0  p e r i o d  w e r e  n o t  a v a i l a b l e  a t  the  t h a n a  

l e v e l ,  i t  w a s  p o s s i b l e  to s e c u r e  1972-73  to ta l  and  n e t  c r o p p e d  a r e a  

s t a t i s t i c s  a t  the  t h a n a  l e v e l .  S ince  the d e g r e e  of  v a r i a t i o n s  f r o m  

y e a r  to y e a r  i s  v e r y  s m a l l  ( g e n e r a l l y  1 -5  p e r  c e n t ) ,  i t  w a s  d e c id e d  

to a d j u s t  1972-73  th a n a  s t a t i s t i c s  to the 1 96 9 -7 0  l e v e l s  u s in g  the 

c h a n g e s  in  n e t  c r o p p e d  a r e a  o b s e r v e d  f o r  e a c h  d i s t r i c t .

The  m a r k e t  p r i c e s  f o r  the  s e l e c t e d  c r o p s  w e r e  c o l l e c t e d

f r o m  the " W h o le s a le  P r i c e  S e r i e s  of  I m p o r t a n t  F a r m  P r o d u c t s  in

E a s t  P a k i s t a n "  ( p r e s e n t l y  B a n g la d e s h )  p u b l i s h e d  b y  the D i r e c t o r a t e  

of A g r i c u l t u r a l  M a r k e t i n g ,  G o v e r n m e n t  of  E a s t  P a k i s t a n .  H o w e v e r ,
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p r i c e s  f o r  a g r i c u l t u r a l  c r o p s  v a r y  o v e r  t i m e  and  in  s p a c e .  In  f a c t ,  

l o c a l  m a r k e t  p r i c e s  i n  B a n g l a d e s h  v a r y  b y  a b o u t  2 5 - 4 0  p e r c e n t  o v e r  

t i m e  a n d  b y  a b o u t  1 0 -2 0  p e r c e n t  i n  s p a c e .  In  o r d e r  to g a g e  c r o p ­

l a n d  p r o d u c t i v i t y ,  a n  a v e r a g e  p r i c e  f o r  e a c h  c r o p  h a d  to b e  c o m ­

p u te d  f o r  u n i f o r m  a p p l i c a t i o n  in  a l l  t h a n a s .  T h u s  m o n t h l y  p r i c e s  

( sh o w n  in  A p p e n d i x  B ) ,  f o r  the  1 9 6 9 - 7 0  p e r i o d  w e r e  a v e r a g e d  f o r  

the  y e a r .  T h e  m o n e t a r y  v a lu e  of the  c r o p s  i n  the  i n d e x  w a s  e x ­

p r e s s e d  i n  ' R u p e e s ’ ( R s .  4 . 7 6  = $ 1 . 0 0  U. S. *) a nd  the  p h y s i c a l  

y i e l d s  of c r o p s  in  'M a u n d '  (one m a u n d  = 8 2 . 2 4 2  lbs}  p e r  a c r e .

3. 3 C o m p u t a t i o n  of  the  C r o p l a n d  P r o d u c t i v i t y  Index :

In  o r d e r  to  m e e t  the  f i r s t  o b j e c t i v e  o f  the  s tu d y ,  a  c o m ­

p u t e r  p r o g r a m  w a s  d e v e l o p e d  to c a l c u l a t e  th e  c r o p l a n d  p r o d u c t i v i t y  

i n d e x  f o r  e a c h  t h a n a  i n  B a n g l a d e s h .  U s i n g  the  f o r m u l a  s p e c i f i e d  

a b o v e ,  a  p r o g r a m  w a s  d e s i g n e d  to c o m p u t e  a n d  p r i n t  ou t  n o t  on ly  

the  c r o p l a n d  p r o d u c t i v i t y  i n d e x ,  b u t  a l s o  a  n u m b e r  o f  o t h e r  v a r i a b l e s ,  

s u c h  a s  the  p e r c e n t a g e  of the  a r e a  in  e a c h  t h a n a  o c c u p i e d  b y  e a c h  

o f  the  s e l e c t e d  e l e v e n  c r o p s ,  the  p e r c e n t a g e s  of  y i e ld  of  the  e l e v e n  

c r o p s  f o r  e a c h  t h a n a  r e l a t i v e  to the  n a t i o n a l  a v e r a g e ,  the p r o d u c t i o n  b y  

v a lu e  of i n d i v i d u a l  c r o p s  a n d  t h e i r  t o t a l  v a lu e  p e r  t h a n a  (A p p e n d ix  A).

' A c c o r d i n g  to the  1969 G o v e r n m e n t  r a t e  of  U . S .  d o l l a r  e q u i v a l e n t .
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H o w e v e r ,  the  c o m p u t e d  p r o d u c t i v i t y  i n d e x  w a s  u s e d  l a t e r  in  t r e n d  

s u r f a c e  a n a l y s i s  a n d  a s  the  d e p e n d e n t  v a r i a b l e  in  a  s t e p w i s e  r e g r e s s ­

io n  m o d e l  to m e a s u r e  the e f f e c t  o f  a c r e a g e ,  y i e ld  and  c r o p p i n g  i n ­

t e n s i t y .

3. 4  T r e n d  S u r f a c e  A n a l y s i s :

T he  s e c o n d  o b j e c t i v e  o f  the  s t u d y  w a s  to  a n a l y s e  the  s p a t i a l  

p a t t e r n s  of  the  p r o d u c t i v i t y  in d e x .  S im p le  c a r t o g r a p h i c  r e p r e s e n t a t ­

io n  of  the  p a t t e r n s  g e n e r a l l y  o b s c u r e s  the  u n d e r l y i n g  t r e n d s  of the  

d i s t r i b u t i o n  of  a  p h e n o m e n o n .  A s p e c i a l  m a p p i n g  t e c h n i q u e ,  the  

t r e n d  s u r f a c e  m a p p i n g ,  (a) i m p r o v e s  i s a r i t h m i c  m a p p i n g ,  (b) 

a l l o w s  f o r  p r e c i s e  d e s c r i p t i o n  a n d  c o m p a r i s o n  of  m a p  p a t t e r n s ,

(c) e n h a n c e s  c o m p a r a t i v e  a r e a l  a n a l y s i s ,  a nd  (d) f a c i l i t a t e s  p r o c e s s -  

r e s p o n s e  h y p o t h e s i s  t e s t i n g  ( C h o r l e y  a nd  H a g g e t t ,  1965).

T r e n d  s u r f a c e  i s  a  s t a t i s t i c a l  p r o c e d u r e  of c o n t o u r  m a p p ­

ing  w h i c h  e s t i m a t e s  p a r a m e t e r s  f o r  a n  e q u a t i o n  r e p r e s e n t i n g  a  s u r ­

f a c e  u s i n g  l e a s t - s q u a r e s  c r i t e r i o n  to e x p l a i n  v a r i a t i o n s  i n  g i v e n  d a t a  

v a l u e s  ( Z - v a l u e s ) .  T h e  s u r f a c e  i s  f i t t e d  to the  d a t a  v a l u e s  in  s u c h  

a  w a y  t h a t  the  s u m  of s q u a r e d  d e v i a t i o n s  b e t w e e n  the  g i v e n  v a l u e s  

a t  d a t a  p o in t s  and  the  h e ig h t  (v a lu e )  of  c o m p u t e d  s u r f a c e  a t  t h o se  

d a t a  p o in t s  is; m i n i m i z e d .  H o w e v e r ,  t r e n d  s u r f a c e  d o e s  n o t  f i t  the  

d a t a  p o in t s  p e r f e c t l y ,  so  t h e r e  a r e  r e s i d u a l  v a l u e s  ( d i f f e r e n c e s  b e -
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t w e e n  the i n t e r p o l a t e d  s u r f a c e  and  the t r e n d  s u r f a c e )  w h i c h  i n d i c a t e  

r a n d o m  f l u c t u a t i o n s  o r  e r r o r  of m e a s u r e m e n t  not  p r e d i c t e d  b y  the 

f i t t e d  s u r f a c e .  T h i s  f o r m s  a n  a s s u m e d  e r r o r , *  l o c a l  c o m p o n e n t s  o r  

r e s i d u a l s ,  w h i c h  a r e  d e f in e d  a s  a  s e t  of  a p p a r e n t  n o n - s y s t e m a t i c  

f l u c t u a t i o n s  t h a t  a r e  s u p e r p o s e d  in  the l a r g e - s c a l e  p a t t e r n s ,  b u t  

w h i c h  m a y  be  s y s t e m a t i c a l l y  r e l a t e d  to  a  s p a t i a l  p r o c e s s .

T he  s t a t i s t i c a l  e q u a t i o n  d e r i v e d  f r o m  the t r e n d  s u r f a c e  e x ­

p l a i n s  v a r i a t i o n s  in  g i v e n  d a t a  v a l u e s  ( Z - v a l u e )  d i s t r i b u t e d  e i t h e r  

r e g u l a r l y  o r  i r r e g u l a r l y  in  X - Y  s p a c e .  T he  e q u a t i o n  d e s c r i b i n g  

the  t r e n d  s u r f a c e  c a n  be  l i n e a r ,  i n  w h i c h  c a s e  the  s u r f a c e  i s  a  

p l a n e ;  q u a d r a t i c  ( in  s q u a r e d  t e r m ) ,  in  w h i c h  c a s e  the  s u r f a c e  i s  a 

p a r a b o l o i d ;  c u b ic  (h a v in g  a  c u b e d  a s  w e l l  a s  s q u a r e d  and  l i n e a r  

t e r m s ) ,  g iv in g  a n  a d d i t i o n a l  p o in t  of  i n f l e c t i o n ;  and  so  on, u p  to the  

s i x t h  d e g r e e  f o r  a n  e q u a t i o n  w i t h  s i x t h  o r d e r  t e r m s  and  l o w e r  o r d e r  

t e r m s  p lu s  a  c o n s t a n t ,  w i t h  the  h i g h e s t  t e r m s  t a k e n  to the s i x t h  

p o w e r .  T h e  h i g h e r  the  o r d e r  of the  s u r f a c e ,  the  m o r e  the  r e s i d u a l s  

w i l l  be  m i n i m i z e d  and  the  m o r e  c o m p u t a t i o n  w i l l  be  r e q u i r e d .  H i g h e r -  

o r d e r  s u r f a c e s  w i l l  r e f l e c t  the  v a r i a t i o n  in  Z - v a l u e s  m o r e  a c c u r a t e l y ,  

b u t  l o w e r - o r d e r  s u r f a c e s  a l s o  m a y  be  q u i te  u s e f u l  in  i s o l a t i n g  i m ­

p o r t a n t  l o c a l  t r e n d s  f r o m  th o s e  t h a t  e x i s t  o v e r  a  l a r g e  a r e a .

T r e n d  s u r f a c e  a n a l y s i s  is  c o n s i d e r e d  a s  a p r o c e s s  of s p a t i a l  

f i l t e r i n g .  T he  o r d e r  of the  s u r f a c e  d e t e r m i n e s  the  u p p e r  l i m i t  of
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v a r i a b i l i t y ,  o r  f r e q u e n c y ,  of the in p u t  d a t a  w h i c h  p a s s  t h r o u g h  the 

f i l t e r .  L o c a l i z e d  v a r i a t i o n s  o r  a n o m a l i e s  o r  n o i s e s  a r e  b l o c k e d  

b y  the  f i l t e r  w h e n  a l o w e r  o r d e r  i s  u s e d ,  and  a r e  i n c r e a s i n g l y  

t r a n s m i t t e d  a s  the o r d e r  of  the s u r f a c e  i n c r e a s e s .  H o w e v e r ,  U nw in  

(19751 c a u t io n e d  th a t  t h e r e  w e r e  d i f f i c u l t i e s  w i t h  the  p r a c t i c a l  u s e  

of h i g h e r  o r d e r  t r e n d  s u r f a c e s  i n  g e o g r a p h i c  r e s e a r c h .  A c c o r d i n g  

to h i m ,  " i t  i s  d i f f i c u l t  to i m a g i n e  a ny  a  p r i o r i  g e o g r a p h i c a l  t h e o r y  

t h a t  m i g h t  p r e d i c t  s u r f a c e s  of  h i g h e r  o r d e r  th a n  q u a d r a t i c .  A l t e r ­

n a t i v e l y ,  and  h a v in g  f i t t e d  s u c h  s u r f a c e s ,  i t  i s  e q u a l l y  d i f f i c u l t  to 

c o m e  u p  w i t h  a n y  a  p o s t e r i o r i  t h e o r y  to a c c o u n t  f o r  t h e m  so  t h a t  

th e y  t e n d  to b e  u s e d  s o l e l y  a s  d e s c r i p t i v e  d e v i c e s .  " M o r e o v e r ,  

w i t h o u t  a  l a r g e  n u m b e r  of v e r y  e v e n l y  s p a c e d  c o n t r o l  p o i n t s ,  and  

w i t h o u t  a  c a r e f u l  c o m p u t e r  p r o g r a m m i n g  h i g h e r  o r d e r  t r e n d  s u r f a c e  

a n a l y s i s  sh o u ld  no t  b e  a t t e m p t e d .  H o w e v e r ,  M u l l e r  (1973)  s u c c e s s ­

fu l ly  t e s t e d  the  h y p o t h e s i z e d  m a c r o - T h u n i a n  d i s t a n c e  i n f lu e n c e  in 

A m e r i c a n  a g r i c u l t u r a l  p a t t e r n s  u s i n g  h i g h e r  o r d e r  t r e n d  s u r f a c e  

a n a l y s i s .

To m a k e  i n f e r e n c e s  a b o u t  the  d a t a  in  t r e n d  s u r f a c e  a n a l y s i s ,  

a  s t a t i s t i c a l  s i g n i f i c a n c e  t e s t  i s  r e q u i r e d  to i d e n t i f y  o r  a s s e s s  the 

b e s t  f i t t e d  s u r f a c e  o r  g o o d n e s s - o f - f i t  of the s u r f a c e .  T h e s e  a r e  

f o u r  t y p e s  of s i g n i f i c a n c e  t e s t s  (U nw in ,  19751:

(11 D oes  the to ta l  t r e n d  s u r f a c e  p r o v i d e  a  f i t  s i g n i f i c a n t l y
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d i f f e r e n t  f r o m  z e r o ?

(2*) D o e s  a  t r e n d  s u r f a c e  o r d e r  n+1 g ive  a  s i g n i f i c a n t  i m ­

p r o v e m e n t  o v e r  one of o r d e r  n ?

(3} Is  a  s i n g l e  s p e c i f i e d  t r e n d  p a r a m e t e r  s i g n i f i c a n t l y  d i f f ­

e r e n t  f r o m  z e r o ?  and

(4) W h e r e ,  in  the  m a p p e d  a r e a ,  i s  the  f i t t e d  t r e n d  s u r f a c e  

m o s t  r e l i a b l e  a s  a n  e s t i m a t o r  of the  p o p u la t io n  t r e n d  and  w h e r e  

sh o u ld  i t  be  t r e a t e d  w i t h  c a u t i o n ?

The  s e c o n d  type  of s i g n i f i c a n c e  t e s t  i s  m o s t  c o m m o n l y  u s e d  

in  g e o g r a p h i c  r e s e a r c h .  T h i s  t e s t  i s  u s e d  to a s s e s s  w h i c h  o r d e r  

of  the  t r e n d  s u r f a c e ,  a p p l i e d  to the  s a m e  d a t a  p o i n t s ,  s e e m s  to 

g ive  the  b e s t  r e s u l t .  The  F - t e s t  i s  u s e d  to m e a s u r e  the  s i g n i f i c a n ­

ce  o f  the  t r e n d  s u r f a c e s .

% of e x p l a n a t i o n  g iv e n  b y  the  s u r f a c e  (% R S S ) / d f .
F  = *--------------------------------------------------------------- -------------------------

(1-% R S S ) / d f 2

df^  = D e g r e e s  o f  f r e e d o m  a s s o c i a t e d  w i t h  the  s u r f a c e ,  e q u a l  to the 
n u m b e r  of c o n s t a n t s  in  the t r e n d  e q u a t i o n  l e s s  one f o r  the 
b a s e  t e r m .

d f2 = D e g r e e s  of f r e e d o m  a s s o c i a t e d  w i t h  the  r e s i d u a l s .  T h i s  i s  
g i v e n  b y  the  t o t a l  d e g r e e s  of f r e e d o m  in  the  d a t a  l e s s  df^ , 
t h o s e  a s s o c i a t e d  w i t h  the  t r e n d ,  i . e .  df-, = No. of  o b s e r v a t i o n s
-  1 -  6 £ y

To t e s t  the  s i g n i f i c a n c e  of the  n e x t  h i g h e r  o r d e r ,  the  fo l lo w in g
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p r o c e d u r e  i s  to be  fo l lo w e d :

E x t r a  % of  RSS g i v e n  b y  th i s  s u r f a c e / d f 3  the  p r e v i o u s  s u r f a c e
p  -   -------— —----------------------------------------------------------------------------------------------------------------------------

(1 - % o f  RSS a c c o u n t e d  f o r  t h i s  s u r f a c e  ) / d f  4

dfg = No. of  c o n s t a n t s  a d d e d  to the  p r e v i o u s  o r d e r  to m a k e  the 
p r e s e n t  o r d e r  e q u a t i o n .

df 4  = N o .  of o b s e r v a t i o n s  - 1 - d f j  ( the  n u m b e r  of  c o n s t a n t s  in  
the  e q u a t io n )

T r e n d  s u r f a c e s  w e r e  d r a w n  to sh ow  t r e n d s  a nd  r e s i d u a l s  in  

t h e / s p a t i a l  d i s t r i b u t i o n  o f  c r o p l a n d  p r o d u c t i v i t y  i n d e x  in  B a n g l a d e s h .  

T he  u s e  of th i s  w i t h  a r e a - v a l u e  d a t a  w a s  j u s t i f i e d  in  the  s e n s e  t h a t  

th e  a r e a l  u n i t s  ( t h a n a s )  w e r e  s m a l l  and  the  l a r g e  n u m b e r  (411) of 

c o n t r o l  p o in t s  ( c o n s i d e r e d  a s  the  c e n t r e  of the  a r e a )  w e r e  a p p r o x i ­

m a t e l y  e v e n l y  s p a c e d  ( F i g .  3. 1). A l th o u g h  a t t e m p t s  w e r e  m a d e  to 

c o m p u t e  s u r f a c e s  of h i g h e r  o r d e r s  u p  to th e  s i x t h  t e r m ,  th i s  s t u d y  

e x a m i n e d  o n ly  t h o s e  s u r f a c e s  d e r i v e d  f r o m  l i n e a r ,  q u a d r a t i c  and  

c u b ic  p o l y n o m i a l  f u n c t i o n s .  T h e s e  s u r f a c e s  h a v e  b e e n  u s e d  in  the  

s tu d y ,  ( 1 ) to  i d e n t i f y  the  p a t t e r n s  a n d  l e v e l s  of p r o d u c t i v i t y ,  ( 2 ) 

to  o b s e r v e  s i g n i f i c a n t  c h a n g e s  i n  the  d i r e c t i o n  of s u c c e s s i v e  t r e n d  

s u r f a c e s ,  and  (3) u s i n g  the  b e s t - f i t  s u r f a c e ,  to e x p l a i n  the  s p a t i a l  

t r e n d s  o f  c r o p l a n d  p r o d u c t i v i t y  b y  the  d e g r e e  to w h i c h  i t  c o r r e s p o n d s  

to the  a r e a l  v a r i a t i o n s  of  m e a n  a n n u a l  r a i n f a l l ,  p r e - m o n s o o n  

r a i n f a l l ,  d e n s i t y  of  a g r i c u l t u r a l  l a b o u r  f o r c e  and  o w n e r - 

o p e r a t e d  f a r m s  in  B a n g l a d e s h .  T h i s  w a s  done  b y  v i s u a l
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c o m p a r i s o n  of  m a p s .  F o u r t h l y ,  u s i n g  r e s i d u a l  m a p s ,  an  a t t e m p t  

w a s  m a d e  to s u g g e s t  an  e x p l a n a t i o n  f o r  the  l o c a l  v a r i a t i o n s  in  p r o ­

d u c t i v i t y .  An F - t e s t  w a s  a p p l i e d  to f ind  the s i g n i f i c a n c e  of the r e s p ­

e c t iv e  s u r f a c e  a t  the  99% l e v e l .

3. 5 S te p w is e  M u l t ip l e  R e g r e s s i o n :

T he  t h i r d  o b j e c t i v e  o f  the s tu d y  w a s  to a n a l y s e  the e f f e c t s  

o f  a c r e a g e  and y i e ld s  of  d i f f e r e n t  c r o p s  and  the  c r o p p i n g  i n t e n s i t y  

on  c r o p l a n d  p r o d u c t i v i t y .  I t  w a s  a s s u m e d  th a t  u n d e r  a  p r e v a i l i n g  

s e t  of  p h y s i c a l ,  s o c i o - e c o n o m i c ,  t e c h n o lo g ic a l  and  o r g a n i z a t i o n a l  

c o n d i t i o n s ,  the  a c r e a g e ,  and  y i e ld s  of  d i f f e r e n t  c r o p s  and  c r o p p i n g  

i n t e n s i t y  / a s  the t h r e e  m a i n  c o m p o n e n ts  of  the  p r o d u c t i v i t y  index)  

sh o u ld  h a v e  s o m e  e f f e c t s  on  the v a r i a t i o n s  of c r o p l a n d  p r o d u c t i v i t y  

i n  B a n g l a d e s h .  - In  o r d e r  to m e a s u r e  t h e i r  r e l a t i v e  e f f e c t s ,  a  s t e p ­

w i s e  m u l t i p l e  r e g r e s s i o n  m o d e l  w a s  e m p l o y e d .

T he  s t e p w i s e  m u l t i p l e  r e g r e s s i o n  p r o c e d u r e  w a s  d e s i g n e d  

in  s u c h  a  w a y  th a t  i t  b e g i n s  w i t h  a  b i v a r i a t e  e q u a t i o n  and  p r o c e e d s  

b y  a d d in g  one v a r i a b l e  a t  a  t im e  u n t i l  a  c o m p l e t e  e q u a t i o n  i s  a t t a i n e d  

f o r  a l l  the v a r i a b l e s  u s e d .  T he  o r d e r  in  w h i c h  the v a r i a b l e s  a r e  

e n t e r e d  in to  the r e g r e s s i o n  e q u a t io n  is  not  a r b i t r a r y  b u t  d e p e n d s  

on  t h e i r  c o n t r i b u t i o n  to the  e x p l a n a t i o n  of the  r e m a i n i n g  v a r i a n c e  

in  the  d e p e n d e n t  v a r i a b l e  ( T a y l o r ,  1977) .  T h u s ,  the  f i r s t  e q u a t io n
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f b i v a r i a t e )  b e g in s  witE  the i n d e p e n d e n t  v a r i a b l e  t h a t  h a s  the h i g h e s t  

c o r r e l a t i o n  w i th  the  d e p e n d e n t  v a r i a b l e .  T h e n  the s e c o n d  v a r i a b l e  

is  a d d ed  to the one t h a t  g iv e s  the h i g h e s t  p a r t i a l  c o r r e l a t i o n  c o e f f i ­

c i e n t  w i t h  the d e p e n d e n t  v a r i a b l e  w h e n  the i n d e p e n d e n t  v a r i a b l e  is  

a l l o w e d  f o r .  T h is  p r o c e s s  i s  r e p e a t e d  by  s e l e c t i n g  a m o n g  the  r e ­

m a i n i n g  i n d e p e n d e n t  v a r i a b l e s  the  one w i th  the  h i g h e s t  p a r t i a l  c o r ­

r e l a t i o n  c o e f f i c i e n t  w h e n  the i n d e p e n d e n t  v a r i a b l e s  a l r e a d y  c o n s i d e r e d  

a r e  a l l o w e d  f o r .

A s t e p w i s e  r e g r e s s i o n  a n a l y s i s  w a s  p r e p a r e d  u s i n g  p a c k ­

age  p r o g r a m s  f r o m  the S t a t i s t i c a l  A n a l y s i s  S y s t e m  (SAS) and the 

B i o - M e d i c a l  D a ta  P r o c e s s i n g  (B M D P )  m a n n u a l s .  T h i s  a p p r o a c h  

is  s u i t a b l e  f o r  in d e n t i fy in g  the c r o p s  t h a t  a r e  r e s p o n s i b l e  f o r  h ig h  

o r  low v a l u e s  in  the  p r o d u c t i v i t y  in d e x  e i t h e r  b e c a u s e  of t h e i r  a c r e ­

age  o r  y i e l d s .  M o r e o v e r ,  i t  a l l o w s  one to a s s e s s  the r e l a t i o n s h i p  

th a t  c r o p p i n g  i n t e n s i t y  h a s  to the  l a n d  p r o d u c t i v i t y  of  B a n g l a d e s h .

In a d d i t i o n  to VAR  ̂ = C r o p l a n d  P r o d u c t i v i t y  In d ex ,  the 

d e p e n d e n t  v a r i a b l e ,  the fo l lo w in g  s e t  of i n d e p e n d e n t  v a r i a b l e s  w e r e  

c h o s e n  f o r  the a n a l y s i s :

VAR^ = A c r e a g e  of A us  r i c e  a s  % of  the to ta l  of 11 c r o p s  in  a 
t h a n a

VAR^ = A c r e a g e  of B o r o  r i c e  a s  % of  the t o ta l  of 1 1 c r o p s  in  a 
t h a n a .
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V A R ^  = A c r e a g e  of IR R I  B o r o  r i c e  a s  % of the  t o t a l  of 11 c r o p s  
i n  a t h a n a

VARg = A c r e a g e  of  A m a n  r i c e  a s  % of  the  t o t a l  of 11 c r o p s  i.n a 
t h a n a .

VARg = A c r e a g e  o f  W h e a t  a s  % of the  t o t a l  of  11 c r o p s  in  a  
t h a n a .

VARy = A c r e a g e  of  P o t a t o  a s  % of  the  t o t a l  of 11 c r o p s  in  a  
t h a n a

V A R g = A c r e a g e  of P u l s e s  a s  % of  the  t o t a l  of  11 c r o p s  in  a  
t h a n a

VARg = A c r e a g e  of  M u s t a r d  a s  % of the  t o t a l  of 11 c r o p s  i n  a 
t h a n a

V A R j q  = A c r e a g e  of  J u t e  a s  % of  the  t o t a l  of  11 c r o p s  in  a  t h a n a

VAR u  = A c r e a g e  of S u g a r - c a n e  a s  % o f  the  t o t a l  of 11 c r o p s  i n  a 
t h a n a

VAR i 2  = A c r e a g e  o f  T o b a c c o  a s  % o f  the  to ta l  of 11 c r o p s  i n  a 
t h a n a

VAR i 2  = Y i e ld s  o f , A u s  r i c e  in  a  t h a n a  a s  % of  n a t i o n a l  a v e r a g e

V A R ^  = Y i e ld s  of B o r o  r i c e  i n  a  t h a n a  a s  % of  n a t i o n a l  a v e r a g e

VAR^j.  = Y i e ld s  of  IR R I  B o r o  r i c e  i n  a  t h a n a  a s  % of  n a t i o n a l
a v e r a g e

V A R jg  = Y ie ld s  of A m a n  r i c e  i n  a t h a n a  a s  % o f  n a t i o n a l  a v e r a g e

VAR i 7  = Y ie ld s  of W h e a t  in  a  t h a n a  a s  % of n a t i o n a l  a v e r a g e

V A R iq  = Y ie ld s  of  P o t a t o  in  a  t h a n a  a s  % of n a t i o n a l  a v e r a g e

VAR i 9  = Y ie ld s  of P u l s e s  in  a  t h a n a  a s  % of  n a t i o n a l  a v e r a g e

V A R ^ q = Y ie ld s  o f  M u s t a r d  in  a  t h a n a  a s  % of  n a t i o n a l  a v e r a g e
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VAR . = Y i e ld s  of  J u t e  i n  a t h a n a  a s  % of  n a t i o n a l  a v e r a g e

V A R 2 2  = Y ie ld s  of  S u g a r - c a n e  in  a  t h a n a  a s  % of  n a t i o n a l  a v e r a g e

V A R 2 2  = Y i e ld s  of T o b a c c o  in  a  t h a n a  a s  % o f  n a t i o n a l  a v e r a g e

V A R 2 4  = C r o p p i n g  I n t e n s i t y  In d e x  f o r  the  t h a n a .

In  a  p a r a m e t r i c  s t a t i s t i c a l  t e s t  o f  t h i s  k i n d  the v a r i ­

a b l e s  in  the  r e g r e s s i o n  e q u a t i o n  s h o u ld  h a v e  a n o r m a l  d i s t r i b u t i o n .  

F o r  the  g o o d n e s s - o f - f i t  to the  n o r m a l  c u r v e  the  K o l m o g o r o v -  

S m i r n o v  (K S L T E S T )  t e s t  w a s  u s e d .  A l l  411 t h a n a s  w e r e  c o n s i d e r e d  

i n  t h i s  t e s t .  I t  h a s  b e e n  fo u nd  t h a t  e v e n  w i t h  s u c h  a  l a r g e  s a m p l e  

the  d i s t r i b u t i o n  o f  s o m e  d a t a  v a r i a b l e s ,  p a r t i c u l a r l y  a c r e a g e s  ( e x ­

c e p t  V A R 2 )* w e r e  found  to b e  n o n - n o r m a l  b e c a u s e  of t h e i r  h ig h  

l o c a l i z a t i o n .  H o w e v e r ,  b e f o r e  u s i n g  the  r e g r e s s i o n  m o d e l  t h e s e  

v a r i a b l e s  w e r e  t r a n s f o r m e d  to a new s c a l e  to a c h i e v e  the n o r m a l i t y  

of  the  d a t a  w h e r e v e r  n e c e s s a r y .

A n o t h e r  c o n d i t i o n  f o r  a  p a r a m e t r i c  s t a t i s t i c a l  t e s t  i s  t h a t  

th e  o b s e r v a t i o n s  m u s t  b e  i n d e p e n d e n t  and  d i s p l a y  a  s p a t i a l l y  r a n ­

d o m  p a t t e r n .  In  t h i s  s t u d y  to t e s t  the  r a n d o m n e s s  of the p r o d u c t i ­

v i t y  i n d e x  f the d e p e n d e n t  v a r i a b l e ) ,  M o r a n ' s  s p a t i a l  a u t o c o r r e l a t i o n

t e s t  f o r  a  P a t t e r n  in  K - c o l o r  m a p s  ( M o r a n ,  1948) w a s  e m p l o y e d ,  

and  a  s l i g h t  p o s i t i v e  s p a t i a l  a u t o c o r r e l a t i o n  a m o n g  the a r e a l  u n i t s

w a s  e s t a b l i s h e d .  H o w e v e r ,  the  d e g r e e  of r e l a t i o n s h i p  w a s  i n s i g n i -
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f i c a n t  ( r  = 13%), and  i t  w a s  c o n c lu d e d  th a t  the  s p a t i a l  p a t t e r n  a

o f  p r o d u c t i v i t y  in d e x  w a s  r a n d o m .  C o n s e q u e n t l y  the v a r i a b l e  w a s  

s u b j e c t e d  to a s t e p w i s e  r e g r e s s i o n  and  t r e n d  s u r f a c e  a n a l y s i s .

The  s t r e n g t h  of  the  r e l a t i o n s h i p  b e t w e e n  the v a r i a b l e s  

a r e  t e s t e d  u s i n g  the  F - t e s t .  T he  l e v e l  of p r o d u c t i v i t y  o r  s i g n i ­

f i c a n c e  l e v e l  w a s  s p e c i f i e d  a t  cK = 0. 05 /9 5% .
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C H A P T E R  4

ANALYSTS O F  C R O P L A N D  P R O D U C T I V I T Y  P A T T E R N

4 .  1 The  S p a t i a l  P a t t e r n  of C r o p l a n d  P r o d u c t i v i t y ;

C r o p l a n d  p r o d u c t i v i t y  v a l u e s  f o r  e a c h  t h a n a  (A p p e n d ix  A) 

w e r e  p lo t t e d  in  a  c h o r o p l e t h  m a p  to sh o w  t h e i r  d i s t r i b u t i o n  o v e r  

B a n g l a d e s h  ( F i g .  4 .  1). T h e  v a l u e s  w e r e  a l s o  c o m p i l e d  b y  d i s t ­

r i c t ,  and  the  m e a n  a s  w e l l  a s  the  h i g h e s t  a n d  the  l o w e s t  t h a n a  

v a l u e s  i n  the  d i s t r i c t  w e r e  c o m p i l e d  ( T a b le  4. 1). To p r o v i d e  a 

b a s i s  f o r  c o m p a r i s o n ,  the  n a t i o n a l  m e a n  c r o p l a n d  p r o d u c t i v i t y  v a lu e  

w a s  c a l c u l a t e d  ( R s .  808.  92 p e r  a c r e ) .

In  g e n e r a l ,  B a n g l a d e s h  m a y  b e  d iv id e d  in to  c r o p l a n d  

p r o d u c t i v i t y  a r e a s  o f  two c a t e g o r i e s  - t h o s e ,  w h o s e  v a l u e s  a r e  

a b o v e  the n a t i o n a l  a v e r a g e ,  and  t h o s e  w h o s e  v a l u e s  f a l l  b e lo w  the 

n a t i o n a l  a v e r a g e ,  w h e r e a s  the  r a n g e  of v a l u e s  in  the  f i r s t  c a t e g o r y  

i s  g r e a t ,  i t  i s  s m a l l  i n  the  s e c o n d .

4.1,1 A r e a s  of  H igh  C r o p l a n d  P r o d u c t i v i t y :

A r e a s  of  h i g h  c r o p l a n d  p r o d u c t i v i t y  c o m p r i s e  m o s t  of the 

e a s t e r n  d i s t r i c t s  o f  C h i t t a g o n g  H i l l  T r a c t s ,  C h i t t a g o n g ,  C o m i l l a ,  

S y lh e t  and  K i s h o r e g o n j ,  the  n o r t h - w e s t e r n  d i s t r i c t s  of R a n g p u r  and  

B o g r a ,  the  s o u t h e r n  d i s t r i c t  of  B a r i s a l ,  a n d  the c e n t r a l  d i s t r i c t  of
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T a b l e  4. 1 

C r o p l a n d  P r o d u c t i v i t y  b y  D i s t r i c t s

D i s t r i c t  . R a n k M e a n
V a lu e

M i n i m u m
V a lu e

M a x i m u m
V alue R ang e

D a c c a 2 1 0 0 3 . 1 4 4 9 6 . 7 7 3 5 8 3 . 0 4 3 086 . 27
K i s h o r e g o n j 6 9 0 7 . 3 6 6 2 5 . 2 2 1 3 3 3 .0 8 707. 8 6

M y m e n s h i n g h 13 6 9 0 .4 1 5 7 9 . 2 8 8 4 8 .8 5 269. 57
T a n g a i l 15 6 5 5 . 6 8 5 4 4 . 7 3 8 0 5 . 8 2 261 . 09
F a r i d p u r 1 2 7 4 0 . 2 7 4 9 6 . 5 3 9 5 2 . 5 9 4 56 . 06

C h i t t a g o n g 2 9 9 8 . 6 5 5 5 0 . 7 2 1 3 6 9 .1 7 818. 45*
C h i t t a g o n g -  
H i l l  T r a c t s 1 1 2 5 1 .4 7 7 8 6 . 9 0 2 0 0 8 . 6 9 1 2 2 1 . 79
N o a k h a l i 1 0 7 7 5 . 3 8 5 9 6 . 1 6 1 1 4 2 .0 5 545. 89
C o m i l l a 4 9 7 8 . 7 7 8 0 4 . 3 2 1 2 8 3 .2 5 4 7 8 . 93
S y lh e t 7 8 5 7 .3 5 5 9 4 . 7 6 1 2 6 4 .4 5 669. 69

R a j s h a h i 18 6 2 3 . 2 0 3 8 2 . 4 5 1 1 0 9 .3 5 726. 90
D i n a j p u r 14 6 7 0 .0 1 4 7 1 .  70 8 5 8 . 8 6 387. 16
R a n g p u r 5 9 3 3 . 7 3 7 3 1 . 0 2 1 5 9 3 .2 9 862. 27
B o g r a 8 8 0 8 . 9 2 5 2 4 . 4 2 1 1 2 7 .7 7 603. 35
P a b n a 1 1 7 5 8 . 3 1 586.  80 9 3 9 .1 3 352. 33

K h u ln a 16 6 3 1 .6 5 4 5 7 . 8 3 8 2 9 .3 8 371. 55
B a r i s a l 9 806.  65 546.  75 1 1 1 9 . 2 2 572. 47
P a t u a k h a l i 19 6 1 8 . 9 5 4 3 5 . 3 8 858 .  10 4 2 2 . 72
J e s s o r e 17 6 2 8 . 0 5 4 8 8 . 6 9 9 6 3 . 9 6 475 . 27
K u s h t i a 2 0 6 1 2 . 4 6 4 6 6 . 4 5 802 .  73 336. 28

B a n g l a d e s h 8 0 8 . 9 2 3 8 2 . 4 5 3 5 8 3 . 0 4 3200 . 59
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D a c c a  (F ig .  4. 1 and T ab le  4. 1). The  h i g h e s t  v a lu e s  w e r e  r e c o r d e d  

n e a r  the c a p i t a l  c i ty ,  D a c c a  ( T a n g i b a r i ,  M u n s h ig o n j ,  T e jg ao n ,

S a v a r  and S i r a jd ik h a n ) .  H o w e v e r ,  the p r e s e n c e  of s o m e  l o w e r  th an  

a v e r a g e  v a lu e s  in  the  D a c c a  d i s t r i c t  have  r e d u c e d  i t s  m e a n  to 

s e c o n d  h i g h e s t  in  B a n g la d esh .  The C h i t t a g o n g  Hil l  T r a c t s  D i s t r i c t  

h a s  the h i g h e s t  m e a n  v a lu e ,  on ly  N a k h o y o n g c h a r i  t h a n a  of th is  

d i s t r i c t  h a s  an index ,  va lu e  b e lo w  the n a t io n a l  a v e r a g e .  C h i t tag on g  

d i s t r i c t  h a s  the t h i r d  h i g h e s t  m e a n  v a lu e  b u t  t h r e e  of i t s  th a n a s  

(T e k n a a f ,  K u tu b d ia ,  and B a n s k h a l i )  have  c r o p l a n d  p r o d u c t i v i t y  

v a lu e s  be lo w  the n a t io n a l  a v e r a g e .  C o m i l l a ,  b o a s t i n g  the f o u r t h  

h i g h e s t  m e a n  v a lu e ,  i s  the o n ly  d i s t r i c t  in  B a n g l a d e s h  w h e r e  no 

th a n a  i s  found to be  be lo w  the n a t io n a l  a v e r a g e .  A l though  Sylhet  

d i s t r i c t  h a s  a  h ig h  m e a n  v a lu e  and r a n k s  s e v e n th ,  i t  h a s  m a n y  

th an a s  w i th  low c r o p l a n d  p ro d u c t iv i t y .  K i s h o r e g o n j  a g r i c u l t u r a l  

d i s t r i c t  h a s  show n a  p r e t t y  h ig h  a v e r a g e  v a lu e s  w h e r e a s ,  the a d j a -  

c a n t  M y m e n s h in g h  h a s  a  low a v e r a g e  v a lu e .  R a n g p u r  and B o g r a  

of the n o r t h - w e s t e r n  p a r t  of the c o u n t r y  a r e  a l s o  found to have  

h ig h  a v e r a g e  v a l u e s .  R a w m a r i  of R a n g p u r  and a few o t h e r  th a n a s  

of B o g r a - d i s t r i c t ,  h o w e v e r ,  have  v a lu e s  b e lo w  the n a t io n a l  a v e r a g e .  

In the so u th ,  B a r i s a l  h a s  an  ind ex  va lue  j u s t  above the na t io n a l  

a v e r a g e .
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4.1 i i  A r e a s  of Low C r o p la n d  P r o d u c t i v i t y :

T he  a r e a s  of low  c r o p l a n d  p r o d u c t i v i t y  a r e  c o n c e n t r a t e d  

in  the w e s t e r n  p a r t  of  the c o u n t r y .  I n d i c e s  o f  l e s s  th an  500 a r e  

c o m m o n  in  the d i s t r i c t s  of R a j s h a h i ,  K h u ln a ,  and  D in a jp u r  (N aw ab -  

g on j ,  G o d a g a r i ,  P o r s h a ,  N i a m a t p u r ,  M a n d a  and  M a h a d e b p u r  th a n a s  

of R a j s h a h i ,  D a c o p e ,  D u m u r i a  and  S a t k h i r a  t h a n a s  of  K h u ln a ,  and 

G h o r a g h a t  and  K h a n s h a m a  th a n a s  of  D in a jp u r ) .  In a d d i t io n ,  the 

M e h e r p u r  th a n a  of  K u s h t i a ,  L o h a g a r a  of J e s s o r e ,  A l f a d a n g a  of 

F a r i d p u r ,  K h e p u p a r a  of P a t u a k h a l i  and S a t u r i a  of D a c c a  a r e  found 

to be  v e r y  low p r o d u c t i v i t y  t h a n a s .  The  l o w e s t  in d e x  va lu e  r e ­

c o r d e d  is  a t  N aw ab g on j  of R a j s h a h i  d i s t r i c t  (T a b le  4 . 1 ) .  In d ex  

v a lu e  r a n g i n g  f r o m  5 0 0 -8 0 0  ( s e c o n d  l e v e l  in  the  m ap)  a r e  m o s t  

c o m m o n  in  the  w e s t e r n ,  c e n t r a l  and  s o u t h e r n  d i s t r i c t s .  N o a k h a l i ,  

P a t u a k h a l i ,  F a r i d p u r  and  M y m e n s h i n g h  in  a d d i t i o n  to th o se  a l r e a d y  

m e n t i o n e d  a b o v e ,  b e lo n g  m o s t l y  to th is  l e v e l .  H o w e v e r ,  s m a l l  

i s o l a t e d  p o c k e t s  of h ig h  p r o d u c t i v i t y  v a l u e s ,  found in  a l l  of the 

above  d i s t r i c t s ,  s u g g e s t  the  in f lu e n c e  of n e a r b y  u r b a n  c e n t r e s .

The s p a t i a l  p a t t e r n s  of c r o p l a n d  p r o d u c t i v i t y ,  b a s e d  on 

a c h o r o p l e t h  m a p  of 411 t h a n a s ,  have  r e v e a l e d  m a n y  v a r i a t i o n s  of 

l o c a l  o r i g in .  The  l a r g e  n u m b e r  of c a s e s  p r e c l u d e s  in d iv id u a l  

a n a l y s i s  of d i s c r e t e  a r e a s ,  and r e q u i r e s  the u s e  of a  g e n e r a l i z e d
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s p a t i a l  p a t t e r n  f o r  m o r e  e f f e c t iv e  e x p la n a t i o n  in  t e r m s  of c e r t a i n  

c a u s e s  o r  p r o c e s s e s  ( C h o r l e y  and H a g g e t t ,  1965V T r e n d  s u r f a c e  

m a p p in g  i s  a  s u i t a b l e  m e th o d  of s p a t i a l  f i l t e r i n g  w h e r e b y  one c a n  

m e a s u r e  d i r e c t l y  how m u c h  of  the i n f o r m a t i o n  c o n v e y e d  by  a m a p  

i s  " s i .nga l"  ( i . e .  a  r e s p o n s e  to the  p h y s i c a l  and  s o c i o - e c o n o m i c  

i n f lu e n c e s )  and how m u c h  of  i t  i s  due to " n o i s e "  o r  l o c a l  r a n d o m  

v a r i a t i o n  ( M u l l e r ,  1973). T h e r e f o r e ,  a  t r e n d  s u r f a c e  a n a l y s i s  of 

the s p a t i a l  p a t t e r n s  of c r o p l a n d  p r o d u c t i v i t y  in  B a n g l a d e s h  w i l l  

fo l low .

4 .  2 T r e n d  S u r f a c e  A n a l y s i s :

P o l y n o m i a l  t r e n d  s u r f a c e s  up to the  s i x t h  o r d e r  w e r e  

f i t t e d  to the 411 p r o d u c t i v i t y  in d ex  v a l u e s .  The  r e s u l t s  ( T a b l e s

4 . 2  and 4 . 3 )  g ive  a  c o m p l e t e  a n a l y s i s  o f  v a r i a n c e  and  g o o d n e s s -  

o f - f i t  f o r  the  t r e n d  s u r f a c e s .  F o r  the  f i r s t  o r d e r  l i n e a r  s u r f a c e  

the  F - o b s e r v e d  i s  5 1 .3 0 1  w i th  df  = 2 , 4 0 9  w h ic h  is  h ig h ly  s i g n i ­

f i c a n t  a t  the  9 9 .99%  l e v e l .  V a r i a t i o n  i n  o b s e r v e d  v a lu e s  ( i . e .  % 

r e d u c t i o n  in  s u m  of s q u a r e s )  e x p la in e d  b y  the  s u r f a c e  i s  2 0 . 1 1 %. 

The a d d i t i o n  of t h r e e  q u a d r a t i c  c o m p o n e n t s  o v e r  the  l i n e a r  s u r f a c e  

( F - r a t i o  8 . 865 ), ' i s  a l s o  s i g n i f i c a n t  a t  the 99. 9% l e v e l  . By

add in g  a n o t h e r  f o u r  c u b ic  c o m p o n e n t s  the  s u r f a c e  w a s  f u r t h e r  i m ­

p r o v e d  g iv ing  an  F - v a l u e  of 12. 186 w h ic h  is  a l s o  h ig h ly  s i g n i f i c a n t
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Table  4. 2 A nalys is  of Var iance  of  the T rend  Surfaces  of A g r ic u l tu ra l  P rod u c t iv i ty  
in Bangladesh

Source of Varia t ion Degrees of % of va r ia t io n Standard F - c r i t i c a l  value f r o m  the

Total ,  411 data  points 
df=410

_  . explained o r  F r e e d o m  M ,
% of reduc t ion
in sum  of s q ­

u a r e s  (RSS)

Deviation F - O b s e r v e d
Table (Lindley and M il le r ,  

1 9 6 2 )

408

405

Due to L in e a r  su r face  
with 3 cons tan ts

Due to r e s id u a l s  ove r  
L in e a r  su r face

Due to Q uadrat ic  
components

R es idua ls  f ro m  
Q uadra t ic  su r face

Added Cubic 
components

R es idua ls  f rom  
Cubic su r face

Added Quar t ic  
components

R es idua ls  f ro m  
Q uar t ic  components

Added Quint ic  components  6

R esidua ls  f ro m  Qunitic 
surface

Added Sextic components  7

R es idu a ls  f ro m  
Sextic  su r face

401

396

383

2 0 . 11 

79.89  

4 .9 2

74 .97  

8 . 14

66.83

1.25

65. 58 

1. 87 

63.71 

0.73

62.98

217.63

210. 83

199.06

197.19

194.35

193.23

51.301

8 .865

1 2 . 186

1.894

2 .4

0 . 8

<* = 0 . 0 1  

4. 61

3 .78

3 ,32

3 .02

2 . 80

2. 64

o<- 0. 05 

3. 00

2 . 60

2 ,37

2.21

2 . 10

2 . 01 U1
00
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Table  4 . 3  G o o d n ess -o f - f i t  f o r  T ren d  Surfaces

Surface % RSS ^ Percefnt Addled Coeffic ient  of S ta t i s t ica l
ob ta ined /R  in  • RSS/R C o r re la t io n  in% Significance

Signif icant  at  
<*= 0 . 0 1

Signif icant at  
< * =  0 . 01

Signif icant at  
= 0.01

Not Significant

Signif icant  at  
o< = 0. 05

Not Significant

invD

L in e a r  20.11 _  44 .85

Q uadra t ic  25.03. 4.92% 50.03

Cubic 33. 17 8 . 14% 57.59

Q u ar t ic  3 4 .42  1.25% 58.67

Quintic 36. 29 1.87% 60.24

Sextic 37. 02 0.73% 60.85
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a t  the  9 9 .9%  l e v e l  and b e t t e r  th a n  the s e c o n d  o r d e r  s u r f a c e .

F u r t h e r  a d d i t io n  of q u a r t i c ,  qu in t i c  and  s e x t i c  c o m p o n e n t s  did  no t  

i m p r o v e  the  f i t  a s  m u c h  a s  the  f i r s t  t h r e e  s u r f a c e s .  The  q u in t i c  

s u r f a c e  w i th  a n  F - v a l u e  of  2 . 4  i s  s i g n i f i c a n t  on ly  a t  the  95% l e v e l  

b u t  no t  a t  the  99. 9% l e v e l .  The  o t h e r  two h o w e v e r ,  a r e  not  s i g n i ­

f i c a n t .  The  m e a n in g f u l  i m p r o v e m e n t  in  the f i r s t  t h r e e  o r d e r s  of 

the t r e n d  s u r f a c e s  s u g g e s t s  th a t  the  g e n e r a t e d  p a t t e r n s  m a y  be

c o m p a r a b l e  to c e r t a i n  c a u s e s  o r  p r o c e s s e s .  The  m o s t  d r a m a t i c
2

i m p r o v e m e n t  of c o e f f i c i e n t  of  d e t e r m i n a t i o n  (R ) f r o m  the q u a d r a t i c  

to the  cu b ic  s u r f a c e  u n d e r s c o r e s  the  i m p o r t a n c e  of the  s p a t i a l  p a t t ­

e r n s  of the  t h i r d  o r d e r  c u b ic  t r e n d  s u r f a c e .  T h u s ,  i t  c a n  b e  s e e n  

f r o m  the t a b l e s  and  m a p s  th a t  b y  d e c r e a s i n g  the l e v e l  of g e n e r a l i ­

z a t io n  f r o m  l i n e a r  to c u b ic  t r e n d  s u r f a c e ,  t h e r e  i s  a  c o n c o m i t a n t  

i n c r e a s e  in  the  g o o d n e s s - o f - f i t  of the  d a ta .  T h u s  the  cu b ic  t r e n d  

s u r f a c e  w a s  found to b e  the b e s t  f i t t i n g  s u r f a c e  f o r  c r o p l a n d  p r o d u c t i ­

v i ty  in  B a n g la d e s h .

C o m p u t e r  m a p s  f o r  a l l  the  s ix  o r d e r s  of t r e n d  s u r f a c e s  

w i t h  t h e i r  r e s i d u a l s  (F ig .  4 . 2  t h r o u g h  F i g .  4 . 7 )  r e v e a l  the  d i f f e r ­

e n c e s .  The  l i n e a r  t r e n d  s u r f a c e  m a p  sh o w s  a h ig h ly  g e n e r a l i z e d  

p a t t e r n  w h e r e i n  the w ho le  c o u n t r y  i s  d iv id e d  in to  two p a r t s .  The 

e a s t e r n  p a r t  r e p r e s e n t s  a  h ig h  p r o d u c t i v i t y  r e g i o n  w i th  a va lue  l e v e l  

r a n g i n g  f r o m  8 0 0 -1 1 0 0 ,  w h i c h  i s  j u s t  above  the n a t io n a l  a v e r a g e .
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The w e s t e r n  p a r t  i s  the low  p r o d u c t i v i t y  r e g i o n  w i th  a  va lu e  l e v e l  

r a n g i n g  f r o m  5 0 0 -8 0 0 ,  w h i c h  is  j u s t  b e lo w  the n a t io n a l  a v e r a g e .

T he  q u a d r a t i c  t r e n d  s u r f a c e  m a p  (F ig .  4.  3) i s  s o m e w h a t  m o r e  c o m ­

p le x  a s  i t  i n c lu d e s  two m o r e  r e g i o n s :  one of  v e r y  low v a lu e s  in  the 

s o u t h - w e s t  c o r n e r  and  a n o t h e r  of v e r y  h ig h  v a lu e s  in  the  s o u t h - e a s t  

c o r n e r  of  the c o u n t r y .  T he  cub ic  t r e n d  s u r f a c e  m a p  a l s o  sh o w ed  

f o u r  c a t e g o r i e s  of v a l u e s ,  b u t  i t  h a s  i m p r o v e d  the  r e g i o n a l  p a t t e r n  

of  c r o p l a n d  p r o d u c t i v i t y  to the  b e s t  p o s s i b l e  l e v e l s  of e x p la n a t io n .  

The  l a s t  t h r e e  h i g h e r  o r d e r  t r e n d  s u r f a c e  m a p s  ( F i g s .  4 ,  5, 4 .  6  and 

4 . 7 )  f u r t h e r  i m p r o v e d  the f i t ,  b u t  the  p a t t e r n s  h a v e  l e s s  s t a t i s t i c a l  

s i g n i f i c a n c e .  T h e s e  s u r f a c e s  m a y  be  u s e f u l  f o r  d e s c r i b i n g  the 

g r a d i e n t  in  the  c r o p l a n d  p r o d u c t i v i t y  p a t t e r n s .

4. 2. i C o m p a r a t i v e  A n a l y s i s :

S p a t i a l  t r e n d s  of c r o p l a n d  p r o d u c t i v i t y  a s  d e t e r m i n e d  by  

the  cub ic  s u r f a c e  c a n  be  r e l a t e d  to c e r t a i n  c a u s e s  o r  p r o c e s s e s .

a) F i r s t  of  a l l  the  p a t t e r n s  a r e  c o m p a r a b l e  to the d i s t r i ­

b u t io n  of r a i n f a l l  in  B a n g l a d e s h .  The  p e r f o r m a n c e  of t r a d i t i o n a l  

c r o p  p r o d u c t i o n  in  B a n g l a d e s h  p ro f o u n d ly  d e p e n d s  on  w e a t h e r  c o n ­

d i t i o n s ,  p a r t i c u l a r l y  r a i n f a l l .  A s e c o n d  o r d e r  t r e n d  s u r f a c e  m a p  

( q u a d r a t i c )  w a s  d r a w n  u s i n g  the d i s t r i c t - w i s e  m e a n  a n n u a l  r a i n f a l l  

d a t a  f o r  B a n g l a d e s h  c o l l e c t e d  f r o m  the D i r e c t o r a t e  of A g r i c u l t u r e ,  

Govt ,  of B a n g l a d e s h  (F ig .  4 . 8 ) .  A n o t h e r  m a p  of p r e - m o n s o o n

(
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m e a n  r a i n f a l l  in  B a n g l a d e s h ,  d r a w n  b y  A h m e d  (1978), i s  a l s o  

p r e s e n t e d  h e r e  (F ig .  4 . 9 ) .  The r e g i o n a l  p a t t e r n s  of r a i n f a l l  in  

b o t h  m a p s  a r e  found to hav e  a  c lo s e  r e l a t i o n s h i p  w i th  the d i s t r i ­

b u t io n  of c r o p l a n d  p r o d u c t i v i t y  in  B a n g l a d e s h .  It  sho w s  th a t  a r e a s  

w i t h  h i g h e r  r a i n f a l l  hav e  h i g h e r  p r o d u c t i v i t y ,  and  v i c e - v e r s a .  H o w ­

e v e r ,  a  few a r e a s  of v e r y  h ig h  r a i n f a l l  show  a n e g a t iv e  r e l a t i o n s h i p  

b e t w e e n  c r o p l a n d  p r o d u c t i v i t y  and  r a i n f a l l .  T h i s  m a y  a r i s e  f o r  o t h e r  

r e a s o n s .  The  fo o th i l l  a r e a s  of n o r t h e r n  S y lh e t  and M y m e n s h i n g h  is  

s u s c e p t i b l e  to so i l  e r o s i o n ,  and h e n c e  l o w e r  y i e l d s .  The  s o u t h e r n  

c o a s t a l  r e g i o n s  of  B a r i s a l ,  P a t u a k h a l i ,  K h u lna ,  and  N o a k h a l i  b e ­

c a u s e  of s a l i n i t y  in  the  s o i l s  c r o p s  c a n  s e l d o m  g r o w  w e l l  in  the 

w i n t e r - d r y  p e r i o d .  The s o u t h e r n m o s t  h i l l  s t r i p  of  C h i t t a g o n g  and 

C h i t t a g o n g  Hil l  T r a c t s  d i s t r i c t s  i s  a l s o  a  p o o r  so i l  a r e a  a f f e c te d  

b y  s a l i n i t y  in  d r y  s e a s o n .

b) S o c i o - e c o n o m i c  f a c t o r s  a l s o  hav e  a p o w e r fu l  in f lu e n ce  

on  c r o p l a n d  p r o d u c t i v i t y  i n  B a n g l a d e s h .  One of  t h e s e  f a c t o r s  i s  

the d e n s i t y  of a g r i c u l t u r a l  l a b o u r  f o r c e ,  f o r  w h i c h  a cub ic  t r e n d  

s u r f a c e  m a p  w a s  p r e p a r e d  u s i n g  the  d i s t r i c t  a g r i c u l t u r a l  l a b o u r  

f o r c e  d a t a  (F ig .  4. 10) The r e g i o n a l  t r e n d s  t h a t  sh o w ed  up  in 

th is  s u r f a c e  s e e m  to h a v e  a  v e r y  c lo s e  p o s i t iv e  r e l a t i o n s h i p  w i th  

the  t r e n d  in  c r o p l a n d  p r o d u c t i v i t y ,  e v e n  c l o s e r  th an  th o se  of m e a n  

r a i n f a l l .  O w n e r - o p e r a t e d  f a r m s  a l s o  have  h i g h e r  p r o d u c t i v i t y  th an
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the  t e n a n t  o r  s h a r e - c r o p p e r - o p e r a t e d  f a r m s  ( J a b b a r ,  1977, H o s s a i n ,  

1974; . Z a m a n ,  1973). A f i r s t  o r d e r  t r e n d  s u r f a c e  m a p  w a s  p r e p a r e d  

to show the p e r c e n t a g e  d i s t r i b u t i o n  of  o w n e r - o p e r a t e d  f a r m s .  A g a in ,  

the  c o m p a r i s o n  of  th i s  m a p  w i th  the  c u b ic  s u r f a c e  m a p  of c r o p l a n d  

p r o d u c t i v i t y  i n d ic a t e d  a  p o s i t iv e  a r e a l  a s s o c i a t i o n  (F ig .  4 . 1 1 ) .

4 . 2 . i i  A n a l y s i s  of R e s i d u a l s :

The c o m p a r a t i v e  a r e a l  a n a l y s i s  d i s c u s s e d  above  p r o v i d e s  

s o m e  e x p la n a t i o n  on ly  to the  b r o a d  n o n r a n d o m  s y s t e m a t i c  m a c r o  

p a t t e r n s  of  c r o p l a n d  p r o d u c t i v i t y  in  B a n g l a d e s h .  T h e r e  a r e  s o m e  

u n s y s t e m a t i c  l o c a l  r a n d o m  v a r i a t i o n s  th a t  c a n  be  e x t r i c a t e d  f r o m  the 

o b s e r v e d  c r o p l a n d  p r o d u c t i v i t y  p a t t e r n s  b y  m a p p in g  r e s i d u a l  v a lu e s  

o b t a in e d  f r o m  the t r e n d  s u r f a c e s .

The  r e s i d u a l  m a p s  f o r  a l l  the s ix  o r d e r s  t h a t  w e r e  p r i n t e d  

b y  the  c o m p u t e r  a r e  p r o v id e d  w i th  t h e i r  r e s p e c t i v e  t r e n d  s u r f a c e  

m a p s .  T he  r e s i d u a l  m a p s  p o r t r a y  the  e n t i r e  c o u n t r y  as  a  low f l a t  

p l a i n  e x c e p t  f o r  a  few  s p o r a d i c  p e a k s .  The " f l a t  p l a in "  r e p r e s e n t s  

a  u n i f o r m  p a t t e r n  of r a t h e r  low p r o d u c t i v i t y  t h r o u g h o u t  B a n g l a d e s h ,  

r e f l e c t i n g  i t s  p r e d o m i n a n t  s u b s i s t e n c e  a g r i c u l t u r e .  The  " p e a k s "  

found  in  D a c c a ,  C h i t t a g o n g  Hil l  T r a c t s  and R a n g p u r  d i s t r i c t s  e x c e e d  

two s t a n d a r d  d e v ia t i o n s ,  and  a p p e a r e d  in  a l l  the r e s i d u a l  m a p s .

R e g r e s s i o n  f r o m  the l i n e a r  t r e n d  s u r f a c e  id e n t i f i e d  twe lve
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th a n a s  w i th  s i g n i f i c a n t  p o s i t iv e  v a l u e s  ( T o n g ib a r i ,  M u n s h ig a n j ,  

N a r a y a n g a n j ,  F a t u l l a ,  S i r a jd i k h a n ,  T e j g a o n  and  S i n g a i r  of D a c c a ;  

R a m g a r h ,  L a n g a d u , a n d  B a g h a i c h h a r i  of  C h i t t a g o n g  Hil l  T r a c t s ,  and  

P a t g r a m  and  B a d a r g a n j  of R a n g p u r  d i s t r i c t s ) .  As  the  t r e n d  s u r f a c e  

w a s  m a d e  m o r e  c o m p l e x ,  the  r e s i d u a l s  w e r e  g r a d u a l l y  r e d u c e d  in  

n u m b e r  a n d  s i z e ,  so  t h a t  the  c u b ic  t r e n d  s u r f a c e  id e n t i f i e d  nine 

th a n a s  w i th  h ig h  v a l u e s .

E x a m i n a t i o n  of the  r e d i s u a l s  s u g g e s t s  a  d i f f e r e n t  c r o p  

p r o d u c t i o n  p a t t e r n  in  t h e s e  a n o m a lo u s  a r e a s  th an  the  r e s t  of the  

c o u n t r y .  The two a n o m a l i e s  of R a n g p u r  c o r r e s p o n d  to e x c e p t i o n a l  

s p e c i a l i z a t i o n  in  the g ro w in g  of t o b a c c o .  T h i s  s p e c i a l i z a t i o n  e m ­

p loyed  on the b a s i s  of f a v o u r a b l e  p h y s i c a l  c o n d i t i o n s ,  the e c o n o m ic  

pu l l  g e n e r a t e d  by  the l o c a t i o n  of c i g a r e t t e  f a c t o r i e s  in  the  n e a r b y  

tow n,  and the  s o c i a l  f a c t o r  - a  s e n s e  of  c o m m e r c e  th a t  d e v e lo p e d  

a m o n g  the f a r m e r s  w h i c h  l e d  t h e m  to a d o p t  a  d i v e r s i f i e d  c ro p p in g  

p a t t e r n  r a t h e r  th a n  r e t a i n  the  m o n o c u l t u r e  of r i c e  so c o m m o n  to 

o t h e r  a r e a s .

The c o m m e r c i a l  a t t i tu d e  i s  e v e n  m o r e  c o m m o n  a m o n g  the 

f a r m e r s  of M u n s h ig a n j ,  T o n g i b a r i  and  S i r a j d i k h a n  th a n a s  of D a c c a .  

T h is  a r e a  i s  h i s t o r i c a l l y  f a m o u s  f o r  g r o w in g  v e g e t a b l e s  and h o s t i -  

c u l t u r a l  c o m m o d i t i e s  to su p p ly  the n e a r b y  c a p i t a l  c i t i e s .  Now the 

a r e a  h a s  a l s o  b e c o m e  f a m o u s  f o r  i t s  po ta to  g r o w in g .  M o r e  th an
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h a l f  of the po ta to  su p p ly  of B a n g l a d e s h  c o m e s  f r o m  th is  a r e a .  The  

p r o x i m i t y  of the l a r g e s t  u r b a n  c e n t r e ,  s u i t a b l e  l an d  and  s o i l s ,  

b e t t e r  u s e  of in p u ts  s u c h  a s  i r r i g a t i o n ,  f e r t i l i z e r s ,  s t o r a g e  f a c i l i t i e s  

and  above  a l l  the a g e - o l d  s o c i o - c u l t u r a l  b a c k g r o u n d  of the f a r m e r s  

h e lp e d  i t  to b e c o m e  the  m o s t  p r o d u c t i v e  a g r i c u l t u r a l  a r e a  of B a n g l a ­

d e s h .  The p o s i t iv e  r e s i d u a l s  of F a t u l l a ,  N a r a y a n g a n j ,  T e jg a o n ,  

S a v a r ,  S i n g a i r  a r e  a s s o c i a t e d  w i th  h i g h e r  c r o p p i n g  i n t e n s i t y ,  b e t t e r  

i r r i g a t i o n  and  f e r t i l i z a t i o n ,  r e l a t i v e l y  h i g h e r  p e r c e n t a g e s  of c r o p p e d  

a r e a  u n d e r  h ig h  y ie ld in g  v a r i e t y  of TRRI b o r o  and b o r o  r i c e ,  and 

above  a l l  t h e i r  p r o m i x i m i t y  to D a c c a ,  the m e t r o p o l i s  of B a n g la d e s h .

The  r e s i d u a l s  of B a g h a i c h h a r i  and L a n g a d u  of  C h i t t a g o n g  

H i l l  T r a c t s  d i s t r i c t  m a y  be  e x p la in e d  b y  t h e i r  h i g h e r  p e r c e n t a g e s  of 

c r o p p e d  a r e a  u n d e r  TRRI b o r o  and  b o r o ,  the  two h ig h  y ie ld in g  v a r i ­

e t i e s  of  i r r i g a t e d  r i c e .  T he  a r e a  i s  u n iq u e ly  s u i t e d  to the  p r o d u c t ­

ion  of  t h e s e  c r o p s  b e c a u s e  of  the a b u n d a n c e  of i r r i g a t i o n  w a t e r  s u p p ­

l i e d  f r o m  the n e a r b y  K a p ta i  L a k e .

The a n a l y s i s  of t r e n d  s u r f a c e  m a p s  s u g g e s t s  th a t  B a n g l a ­

d e s h  a g r i c u l t u r e  i s  s t i l l  p r e d o m i n a n t l y  of a  s u b s i s t e n c e  n a t u r e .  I t s  

c r o p l a n d  p r o d u c t i v i t y  p a t t e r n s  a r e  s h a p e d  p r i m a r i l y  by  the d i s t r i ­

b u t io n  of r a i n f a l l  and e m p l o y m e n t  of f a r m  l a b o u r .  H o w e v e r ,  a  few 

e x c e p t i o n a l  a r e a s  r e v e a l e d  a  s t r o n g  c o m m e r c i a l  o r i e n t a t i o n ,  p a r t i ­

c u l a r l y  in  the g ro w in g  o f  c r o p s  of the c o o l - d r y  s e a s o n  th a t  need
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i r r i g a t i o n  and  a b s o r b  m o r e  l a b o u r .

H o w e v e r ,  the s y s t e m a t i c  and  n o n - s y s t e m a t i c  s p a t i a l  p a t t -  

e r n s  of c r o p l a n d  p r o d u c t i v i t y  c a n  be e x p la in e d  not  on ly  by  the e x ­

t e r n a l  p h y s i c o - s o c i o - c u l t u r a l  f a c t o r s  b u t  a l s o  b y  in d iv id u a l  c r o p s  

i n  t e r m s  of t h e i r  a c r e a g e  and  y ie ld  a s  w e l l  b y  c r o p p i n g  i n t e n s i t y .  

T he  f o r t h c o m i n g  c h a p t e r  w i l l  e x a m i n e  the r e l a t i v e  i m p o r t a n c e  of 

t h e s e  v a r i a b l e s  th a t  c o n t r i b u t e d  to the v a r i a t i o n s  of c r o p l a n d  p r o d ­

u c t i v i t y  in  B a n g la d e s h .
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C H A P T E R  5

R O L E  O F  C R O P S IN C R O P L A N D  P R O D U C T IV IT Y :  A S T E P W IS E

R E G R E SS IO N  ANALYSIS :

A c c o r d i n g  to the  f in a l  o b j e c t i v e  of the  s tu d y ,  th is  c h a p t e r  

w i l l  e x a m i n e  the r o l e  of  c r o p p i n g  i n t e n s i t y  and the  r e l a t i v e  c o n t r i ­

b u t io n  of v a r i o u s  c r o p s  in  t e r m s  of t h e i r  a c r e a g e  u n d e r  e a c h  c r o p  

and t h e i r  y i e ld s  on  the s p a t i a l  v a r i a b i l i t y  of  c r o p l a n d  p r o d u c t i v i t y  

in  B a n g la d e s h .  W ith in  the  p r e v a i l i n g  s e t  of p h y s i c a l ,  s o c i o - e c o n o m i c ,  

t e c h n o lo g ic a l  and o r g a n i z a t i o n a l  c o n d i t io n s  the a c r e a g e  and y i e ld s  of 

v a r i o u s  c r o p s  a s  w e l l  a s  the i n t e n s i t y  of c r o p p i n g  shou ld  h a v e  a 

d i r e c t  in f lu e n ce  on  the s p a t i a l  v a r i a b i l i t y  of  the  c r o p l a n d  p o r d u c t i -  

v i ty  in d ex .  In  o r d e r  to m e a s u r e  the in f lu e n c e  a  s t e p w i s e  r e g r e s s ­

io n  p r o c e d u r e  w a s  e m p l o y e d .  The r e g r e s s i o n  m o d e l  had  a to ta l  o f  

24 v a r i a b l e s ,  of w h i c h  V A R j ,  the  d e p e n d e n t  v a r i a b l e ,  w a s  the 

c r o p l a n d  p r o d u c t i v i t y  in d e x ,  VAR 2  -  V A R ^  w e r e  the  p e r c e n t a g e  

of a c r e a g e  u n d e r  the  s e l e c t e d  e l e v e n  c r o p s ,  V A R ^  - VAR 2 3  w e r e  

the y ie ld s  of  t h e s e  c r o p s ,  e x p r e s s e d  a s  p e r c e n t a g e s  of the n a t io n a l  

a v e r a g e  f o r  e a c h  of the  s e l e c t e d  c r o p s ,  and V A R 2 4  w a s  the c r o p p i n g  

i n t e n s i t y  index .

The  r e s u l t s  of the s t e p w i s e  r e g r e s s i o n  a n a l y s i s  a r e  

i l l u s t r a t e d  in  T ab le  5 . 2 .  A c o r r e l a t i o n  m a t r i x  T ab le  (5. 1) a l s o
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Table 5. 2 S u m m a ry  Table  of Stepwise R e g r e s s io n  fo r  Cropland P rod u c t iv i ty  
(VARj) in Bangladesh .

Step
No.

Var iable  e n te re d  the 
Equation

P a r t i a l  
C o r re la t io n  
C o e f f ic ie n t .

P a r t i a l
R e g r e s s io n
Coefficient

Multiple
2

R R
In c re ased  

in R 2
F -V a lu e P r o b  >

Y -In te rc ep t 4. 514
1 V A R ^ - C r o p p i n g  In tens ity 58. 57% 0. 6769 58. 57% 34.31% 34.31% 2087.22 0.0001

2 V A R ^ - A m a n  Yield 62. 22% 0.0049 77. 30% 59. 75% 25.44% 360.01 0.0001

3 VAR^ -Po ta to  A creage 51.35% 0.0409 83. 88% 70. 36% 10. 61% 527.24 0. 0001

4 VAR^ -TRRI Boro A creage 52. 22% 0.0160 88. 57% 78.44% 8. 09% 266.76 0. 0001

5 VARg -B o ro  A creage 41.81% 0.0069 90. 67% 82.21% 3.76% 157.05 0. 0001

6 VA R.~-A us Yield 44.48% 0.0020 92. 59% 85. 73% 3.52% 151.85 0. 00Q1

7 VAR -S u g a r -ca n e  A creage  42.07% 0.0234 93. 94% 88. 25% 2. 52% 308.82 0. 0001

8 VARg - P u l s e s  A creag e -45.  01% -0 .0 0 62 95. 20% 90. 63% 2. 38% 18.79 0. 0001

9 VAR j^ -T o b a c c o  A creage 47. 06% 0.0182 96. 28% 92.70% 2. 08% 148.33 0.0001

10 VARg -A m an  A creage 31.98% 0.0028 96. 67% 93.45% 0. 75% 34. 73 0.0001

11 V A R jg -P o ta to  Yield 20. 95% 0.0005 96. 82% 93.74% 0. 28% 21. 66 0.0001

12 VAR2 j -Tute  Yield 15. 13% 0.0003 96. 89% 93. 88% 0. 15% 9. 58 0. 0021

13 VAR -IRRI Boro  Yield 1 b 13.45% 0.0003 96. 95% 93.99% 0. 12% 8.77 0.0033

14 VAR^ -Aus A creage 12. 02% 0.0013 96. 99% 94. 08% 0. 08% 5.79 0. 0166

-j
vO
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is  p r e s e n t e d  h e r e  to show i.nte r c o r  r e l a t i o n s  b e tw e e n  the v a r i a b l e s  

w i th in  the m o d e l .  The s u m m a r y  T a b le  (5 .2 )  of s t e p w is e  r e g r e s s i o n  

show s tha t  out  of 23 in d e p e n d e n t  v a r i a b l e s ,  13 have  e m e r g e d  as  

s ig n i f i c a n t ly  i m p o r t a n t  a t  the  99% l e v e l  and one w a s  s ig n i f ic a n t  

a t  the 95% l e v e l .  The  f i r s t  n ine  v a r i a b l e s ,  in  o r d e r  of i m p o r t a n c e ,  

c ro p p in g  i n te n s i t y ,  a m a n  y ie ld ,  po ta to  a c r e a g e ,  IRRI b o r o  a c r e a g e ,  

b o r o  a c r e a g e ,  aus  y ie ld ,  s u g a r - c a n e  a c r e a g e ,  p u l s e s  a c r e a g e  and 

to b a c c o  a c r e a g e  a r e  r e s p o n s i b l e  fo r  9 2 .70%  of the v a r i a t i o n  in 

c r o p l a n d  p ro d u c t iv i ty .  Out  of t h e s e  nine v a r i a b l e s ,  the f i r s t  fo u r  

e x p la in  a l m o s t  78 .45%  of the v a r i a t i o n  in  c r o p l a n d  p r o d u c t iv i t y .  Out 

of the 14 s ig n i f i c a n t  v a r i a b l e s ,  the l a s t  5 a r e  r e s p o n s i b l e  f o r  only  

1.38% of v a r i a t i o n  in p r o d u c t iv i ty .  The r e l a t i o n s h i p  b e tw e e n  the 

s p a t i a l  v a r i a b i l i t y  of c r o p l a n d  p r o d u c t i v i t y  and the in d e p e n d e n t  

v a r i a b l e s  a r e  e x p r e s s e d  in  the  fo l low ing  r e g r e s s i o n  equa t ion :

L og  Y v A R i = 4 - 514 + 0. 6769(V A R2 4 ) + 0. 0049 (VAR ^^) +

0 .0 4 0 9  (VAR? ) + 0 .0 1 6 0  (VAR4 ) + 0 .0 0 6 9  (VAR3 ) + 

0 .0 0 2 0  (V A R 13) + 0 .0 2 3 4  (V A R n ) - 0 .0 0 6 2  (VARg) +

0 .0 1 8 2  rV A R 12) + 0 .0 0 2 8  (VA R5) + 0 .0 0 0 5  ( VAR 1 g) +

0 .0 0 0 3  (VAR2 1 ) 4. 0 .0 0 0 3  (V A R jg)  + 0 .0 0 1 3  (VARg).

C ro p p in g  i n t e n s i t y  i s  the m o s t  i m p o r t a n t  i n d e p e n d e n t

v a r i a b l e .  It  e x p la in s  34 .31%  of the to ta l  v a i r a t i o n  in  c r o p l a n d  

p r o d u c t iv i t y .  The p o s i t iv e  r e g r e s s i o n  c o e f f i c i e n t  (0 .6 7 6 9 )  w i th  the
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h i g h e s t  F - v a l u e  of 2087. 22 r e f l e c t s  i t s  i m p o r t a n c e  i.n i n c r e a s i n g  

p r o d u c t i v i t y  of c r o p l a n d .  S p a t ia l  d i s t r i b u t i o n  of c r o p p i n g  i n t e n s i t y  

i n d e x  ( F ig .  5. 1) r e v e a l s  th a t ,  e x c e p t  f o r  a  few  a r e a s  the p a t t e r n s  

a r e  c l o s e l y  a s s o c i a t e d  w i t h  the  p a t t e r n s  of p r o d u c t i v i t y .  The  few 

a r e a s  w i t h  low c r o p p i n g  i n t e n s i t y  t h a t  hav e  a r e l a t i v e l y  h igh  c r o p l a n d  

p r o d u c t i v i t y  m a y  b e  e x p la in e d  b y  t h e i r  h ig h  p e r c e n t a g e  of a c r e a g e  

u n d e r  the h ig h  y ie ld in g  b o r o  and IRRI b o r o  ( s u c h  a s  the  S y lh e t -  

K i s h o r e g o n j  H a o r  ( d e p r e s s io n )  a r e a ) .

T he  s e c o n d  m o s t  s i g n i f i c a n t  v a r i a b l e  ( V A R ^ )  ad d ed  to 

the  e q u a t io n  i s  the p e r c e n t a g e  y ie ld  of a m a n  r i c e .  A m a n  is the 

m a i n  r i c e  c r o p ,  g r o w n  w i d e ly  in  B a n g l a d e s h .  The  y ie ld  of th i s  

c r o p  e x p la in s  2 5 .44%  of the  v a r i a t i o n  in  c r o p l a n d  p r o d u c t i v i t y ,  

w h e r e a s  the  p e r c e n t a g e  of a c r e a g e  in  a m a n  (VAR_) a l th o u g h  s i g n i -D

f i c a n t ,  p r o v i d e s - a  v e r y  low  l e v e l  of  e x p la n a t i o n  ( 0 .7 5 % ) .  The 

c o r r e l a t i o n  m a t r i x  (T a b le  5. 1) sh o w s  a m o d e r a t e  n e g a t iv e  r e l a t i o n ­

sh ip  b e t w e e n  the a c r e a g e  o f  a m a n  and  c r o p l a n d  p r o d u c t i v i t y .  T h i s  

r e s u l t s  b e c a u s e  the  l a r g e  a c r e a g e  a s s o c i a t e d  w i t h  a m a n  c o m b in e d  

w i th  i t s  r e l a t i v e l y  low  y i e l d s ,  m a k e  a m a n  a  r e l a t i v e l y  low va lue  

p e r  a c r e  c r o p  (F ig .  5 . 2  and  5 .3 ) .  H o w e v e r ,  b y  t ak in g  into  a c c o u n t  

the  e f f e c t s  of the v a r i a t i o n  of b o r o  a c r e a g e ,  c r o p p i n g  i n t e n s i t y ,  a m a n  

y i e ld ,  po ta to  a c r e a g e  and IRRI b o r o  a c r e a g e ,  the  n e g a t iv e  a s s o c i a t ­

io n  b e t w e e n  c r o p l a n d  p r o d u c t i v i t y  and a m a n  a c r e a g e  h a s  d i s a p p e a r e d .
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T h is  m a y  be  e x p la in e d  w i th  the o b s e r v e d  p a t t e r n  of c o r r e l a t i o n s :  

a l l  the above  v a r i a b l e s  have  a  n e g a t iv e  a s s o c i a t i o n  w i t h  a m a n  

a c r e a g e .  W hen the  c o r r e l a t i o n s  of t h e s e  v a r i a b l e s  w i th  a m a n  

a c r e a g e  w e r e  r e m o v e d  b y  p o ly n o m ia l  s t e p w i s e  r e g r e s s i o n ,  the 

n e g a t iv e  c o r r e l a t i o n  b e t w e e n  a m a n  a c r e a g e  and c r o p l a n d  p r o d u c t i ­

v i ty  w a s  l o s t  ( R 15 . 2416743 = ° * 3 1 9 8 ^

P o t a t o  a c r e a g e  h a s  e m e r g e d  a s  the t h i r d  m o s t  s i g n i f i c a n t  

v a r i a b l e  w h i c h  e x p la in s  a b o u t  10. 61% of  the s p a t i a l  v a r i a t i o n  in  c r o p ­

l a n d  p r o d u c t i v i t y .  The y ie ld  of  p o ta to  (VAR^g) a l s o  w a s  s ig n i f i c a n t ,  

w i th  a n  e x p la n a t i o n  of 0 .2 8 % .  T he  to t a l  a c r e a g e  u n d e r  po ta to  i s  

r e l a t i v e l y  low ,  b u t  i t  i s  g r o w n  in  a l l  the  d i s t r i c t s  of B a n g l a d e s h  

(F ig .  5 .4 ) .  The  u s e  of  h ig h  y ie ld in g  v a r i e t i e s  of  s e e d s ,  a p p l i c a t ­

io n  of c h e m i c a l  f e r t i l i z e r s  and  i r r i g a t i o n  m a d e  i t  p o s s i b l e  to i n ­

c r e a s e  p o ta to  y ie ld s  c o n s i d e r a b l y  in  r e c e n t  y e a r s .  T he  p r e s e n t  

l e v e l  of p r o d u c t i o n  b y  v a lu e  (F ig .  5. 5) e x c e e d s  the  l e v e l  of a c r e a g e  

u n d e r  p o ta to .

The f o u r t h  i m p o r t a n t  v a r i a b l e  (VAR^) i s  the  a c r e a g e  of 

IRR I  b o r o  w h i c h  e x p la in s  abou t  8. 09% of the s p a t i a l  v a r i a t i o n  in  

c r o p l a n d  p r o d u c t i v i t y .  I ts  y i e ld s  a l s o  a p p e a r e d  to be  s i g n i f i c a n t  

a l th o u g h  w i th  a low  e x p la n a t i o n  of 0. 12%. T h is  i s  a  h ig h  y ie ld in g  

v a r i e t y  of  h y b r id  r i c e  w h ic h  r e q u i r e s  the  o p t i m u m  c o m b i n a t i o n  of 

t h r e e  i m p o r t a n t  i n p u ts  - i r r i g a t i o n ,  f e r t i l i z e r s  and p e s t i c i d e s .  If
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a l l  t h r e e  inpu ts  a r e  a v a i l a b l e ,  the IRR I  b o r o  p r o v i d e s  two to fo u r  

t i m e s  the  y ie ld  of i n d ig e n o u s  r i c e .  High  c o n c e n t r a t i o n  of th is  r i c e  

i n  the e a s t e r n  p a r t  of  the  c o u n t r y  i s  due to  the  a v a i l a b i l i t y  of i r r i ­

g a t io n  w a t e r  (F ig ,  5 . 6  and  5 . 7 ) .

B o r o  a c r e a g e  w a s  the  f i f th  r a n k i n g  s i g n i f i c a n t  V a r i a b l e ,  

e x p la in in g  3 .76%  of  the  s p a t i a l  v a r i a t i o n  in  c r o p l a n d  p r o d u c t i v i t y .

B o r o  is  c l o s e l y  a s s o c i a t e d  w i th  IRRI b o r o  (Table  5. 1), f o r  b o t h  c r o p s  

a r e  g r o w n  in  s i m i l a r  p h y s i c a l  and t e c h n o lo g i c a l  c o n d i t i o n s .  T h i s  i n ­

d ig e n o u s  r i c e  g iv e s  the h i g h e s t  y ie ld  p e r  u n i t  a r e a  a m o n g  a l l  o t h e r  

t r a d i t i o n a l  r i c e s .  S ince  i t s  y ie ld  d e p e n d s  m o s t l y  on the a v a i l a b i l i t y  

of w a t e r  and  m o s t  of the  w e s t e r n  d i s t r i c t s  c a n ' t  p r o v id e  i t  a d e q u a te ly ,  

the c o n c e n t r a t i o n  of b o r o  i s  a l s o  h ig h  in  the  e a s t e r n  p a r t  of the 

c o u n t r y  ( F i g s .  5 . 8  and  5 .9 ) .

T he  n e x t  i m p o r t a n t  v a r i a b l e  t h a t  h a s  e m e r g e d  a s  s i g n i f i ­

c a n t  i s  the  a us  y ie ld  (V A R ^ j ) .  It  e x p la in s  abo u t  3 .5 2 %  of the 

s p a t i a l  v a r i a t i o n  in  c r o p l a n d  p r o d u c t i v i t y .  I ts  a c r e a g e  (VAR^) 

h a s  c o m e  ou t  a s  the Tast  s i g n i f i c a n t  ( <s< = 95%) v a r i a b l e ,  e x p l a i n ­

ing on ly  0. 08% of  the  s p a t i a l  v a r i a t i o n  in  c r o p l a n d  p r o d u c t i v i t y .

A f t e r  a m a n ,  aus  i s  the  s e c o n d  m o s t  i m p o r t a n t  r i c e  c r o p  g r o w n  

in  B a n g l a d e s h  ( F i g s .  5. 10 and  5. 11), b u t  the  y ie ld  of th is  r i c e  is  

the  l o w e s t .

The s u g a r - c a n e  a c r e a g e  h a s  a p p e a r e d  a s  the s e v e n t h
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r a n k in g  s ig n i f ic a n t  v a r i a b l e  w h ic h  e x p la in s  abou t  2. 52% of the 

s p a t i a l  v a r i a t i o n  in  c ro p l a n d  p ro d u c t iv i ty .  The y ie ld  of s u g a r ­

cane  ( V A R ^ )  h as  a l ° w neg a t iv e  in f luence  in  p r o d u c t iv i ty  w h ic h  

h o w e v e r ,  did not  c o m e  out  a s  s ig n i f i c a n t .  The c o n c e n t r a t i o n  of 

s u g a r - c a n e  a c r e a g e  i s  m o s t l y  in  D in a jp u r ,  R a j s h a h i  and K u s h t i a  

d i s t r i c t s .  The th a n a s  of h igh  c ro p la n d  p r o d u c t iv i t y  in th e s e  d i s t r i c t s  

show a c lo se  a s s o c i a t i o n  o n l y  w i th  the  h ig h e r  s u g a r - c a n e  a c r e a g e .

The e ig h th  r a n k in g  v a r i a b l e  i s  the  a c r e a g e  u n d e r  p u l s e s .  

T h is  i s  the only s ig n i f i c a n t  v a r i a b l e  th a t  i s  n e g a t iv e ly  r e g r e s s e d  

w i th  c ro p la n d  p ro d u c t iv i t y .  It  e x p la in s  abou t  2. 38% of  the s p a t i a l  

v a r i a t i o n  in c ro p la n d  p ro d u c t iv i ty .  P u l s e s  of v a r i o u s  k in ds  a r e  

m o s t l y  c o n c e n t r a t e d  in  the  w e s t e r n  d i s t r i c t s  of J e s s o r e ,  K u sh t ia  

and R a j s h a h i ,  C e n t r a l  d i s t r i c t s  of F a r i d p u r ,  T ang  a i l ,  M y m e n sh in g h ,  

P a b n a  and B o g r a .  Y ie ld s  of th e s e  c r o p s  a r e  v e r y  low due to p o o r  

c u l t i v a t io n  p r a c t i c e s  and l a c k  of m o i s t u r e  in the s o i l s .  The  y ie ld  

of p u l s e s  (VAR 19} h a s  no s ig n i f ic a n t  in f lu en ce  on p ro d u c t iv i ty .

A c r e a g e  u n d e r  to b a c c o ,  the n in th  r a n k in g  s ig n i f ic a n t  v a r i ­

a b le ,  e x p la in s  2 .08%  of the s p a t i a l  v a r i a t i o n  in  c ro p la n d  p ro d u c t iv i ty .  

H ig h e r  a c r e a g e  of to b ac co  is  c o n c e n t r a t e d  m a i n l y  in  the R a n g p u r  

d i s t r i c t .  The th a n a s  of h i g h e r  p ro d u c t iv i t y  a r e  found v e r y  c lo s e l y  

a s s o c i a t e d  w i th  h i g h e r  t o b a c c o  a c r e a g e .  T h is  i s  b e c a u s e  of i ts  

v e r y  h igh  m a r k e t  v a lu e .  H o w e v e r ,  i t s  y ie ld  ( V A R ^ )  does  not  have
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an y  in f lu e n ce  on  c r o p l a n d  p r o d u c t i v i t y .

J u t e  a c r e a g e  d id  n o t  show up  a s  a  s i g n i f i c a n t  v a r i a b l e .  

H o w e v e r ,  J u t e  y ie ld  (VAR^^^ ^ a s  a  v e r y  low  l e v e l  of  in f lu e n ce  on 

c r o p l a n d  p r o d u c t i v i t y .  A l th o u g h  the m a i n  ju te  g r o w in g  a r e a s  a r e  

w i t h in  the  b e l t  of h ig h  c r o p l a n d  p r o d u c t i v i t y  i t s  a c r e a g e  did no t  i n ­

f l u e n c e  the c r o p l a n d  p r o d u c t i v i t y  in d e x  b e c a u s e  o t h e r  m o r e  i m p o r t ­

an t  h ig h  y ie ld in g  c r o p s  o b s c u r e d  i t  (F ig s .  5. 12 and 5. 13).

A m o n g  a l l  the  c r o p s  in  the  m o d e l ,  m u s t a r d  and w h e a t  

a r e  i d e n t i f i e d  a s  the  l e a s t  s i g n i f i c a n t  c r o p s .  N e i t h e r  b y  a c r e a g e

n o r  by  y i e ld s  cou ld  th e y  in f lu e n c e  the c r o p l a n d  p r o d u c t i v i t y  of 

B a n g l a d e s h .  H o w e v e r ,  the  c o r r e l a t i o n  m a t r i x  (T ab le  5. 1) sho w s  

t h a t  b o th  c r o p s ,  in  t e r m s  of t h e i r  a c r e a g e ,  h a v e  a  n e g a t iv e  c o r r e ­

l a t i o n  w i th  c r o p l a n d  p r o d u c t i v i t y .  In t e r m s  of y i e ld  ( V A R ^  and 

VA R 2 q)» w h e a t  r e v e a l s  a  n e g a t iv e  and  m u s t a r d  sh o w s  a low p o s i t iv e  

a s s o c i a t i o n  w i th  c r o p l a n d  p r o d u c t i v i t y .  Due to p o o r  f a r m  p r a c t i c e s ,  

i n a d e q u a te  w a t e r  su p p ly ,  l a c k  o f  f e r t i l i z e r  and  h ig h  y ie ld in g  s e e d  

u s e ,  the  y ie ld s  of m u s t a r d  a r e  v e r y  p o o r .  F o r  the  s a m e  r e a s o n ,  

a l l  w h e a t ,  in c lu d in g  the r e c e n t l y  i n t r o d u c e d  h ig h  y ie ld in g  M e x ic a n  

v a r i e t i e s ,  give  p o o r  y i e l d s .

In  s u m m a r y ,  i t  m a y  be  c o n c lu d e d  th a t  c ro p p in g  i n t e n s i t y  

a lo n e  e x p la in s  a b o u t  3 4 .31%  of the  s p a t i a l  v a r i a t i o n  in  c r o p l a n d  

p r o d u c t i v i t y .  O u t  of e l e v e n  c r o p s ,  e ig h t  e x p la in ,  w i th  t h e i r  a c r e -
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ag e ,  ab o u t  30 .27%  of the s p a t i a l  v a r i a t i o n  in  c r o p l a n d  p r o d u c t iv i ty ,  

w h e r e a s  f ive  c r o p s  e x p la in ,  w i th  t h e i r  y i e l d s ,  a n o t h e r  29 .51%  of 

th a t  v a r i a t i o n .  M o s t  of the c r o p s  w h i c h  hav e  e m e r g e d  a s  s i g n i f i ­

c a n t  in  t e r m s  of t h e i r  a c r e a g e  a r e  of  the d r y  r a b i  type - g r o w n  

and h a r v e s t e d  in  coo l  d r y  s e a s o n  (such a s  h ig h  y ie ld in g  i r r i g a t e d  

IRRI b o r o ,  b o r o  and p o ta to ,  and the  low y ie ld in g  p u l s e s ,  to b a c c o  

and  s u g a r - c a n e .  The c r o p s  found s i g n i f i c a n t  in  t e r m s  of t h e i r  

y i e ld s  a r e  m a i n l y  the  w e t  K h a r i f  type  - g r o w n  m o s t  w id e ly  and 

n o u r i s h e d  in  the m o n s o o n  s e a s o n  (n o tab ly  a m a n ,  a u s  and  ju te ,  the 

t h r e e  m o s t  i m p o r t a n t  c r o p s ) .
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C H A P T E R  6

CONCLUSIONS

A g r i c u l t u r e  in  B a n g l a d e s h  is  i n h e r e n t l y  p o o r  and s t a g ­

n a n t .  The a g e - o l d  m e th o d  of f a r m  p r a c t i c e s ,  d e p e n d e n c e  on  the 

m e r c y  of the m o n s o o n  r a i n s ,  s u b s i s t e n c e - o r i e n t e d  p r o d u c t io n ,  r i c e  

m o n o c u l t u r e ,  p o v e r t y  of f a r m e r s ,  i n a d e q u a te  p h y s i c a l  and i n s t i t u t ­

io n a l  i n f r a - s t r u c t u r e ,  v e r y  low l e v e l  of t e c h n o lo g y ,  low a b s o r p t i o n  

and  su p p ly  of h igh  p r o d u c t i v i t y  i n p u t s ,  a l l  c o m b in e  to c o n s t i tu t e  

b a c k w a r d  a g r i c u l t u r a l  s y s t e m .  U nt i l  the m i d - 1 9 6 0 ’s ,  no b a s i c  

e f f o r t s  w e r e  m a d e  f o r  a g r i c u l t u r a l  a d v a n c e m e n t .  A few i n i t i a t ­

i v e s  h o w e v e r ,  w e r e  u n d e r t a k e n  in  the m i d - 1 9 6 0 ’s ,  b u t  the i m p a c t  

o f  t h e s e  p r o g r a m s  w a s  qu i te  l i m i t e d  due to the l a c k  of a d e q u a te  

sup p ly  of b a s i c  in p u t s .  A l th o u g h  a s l i g h t  i n c r e a s e  in  g r o w t h  r a t e s  

w a s  r e c o r d e d  o v e r  the p e r i o d s ,  i t  w a s  b e h in d  the r a t e  of g r o w th  

of p o p u la t io n .  Indeed  th i s  v iew  of s t a g n a n t  B a n g l a d e s h  a g r i c u l t u r e  

a l s o  c a m e  to l ig h t  in  the  p r e s e n t  s tu d y  of c r o p l a n d  p r o d u c t iv i t y .

T h is  s tu d y  w a s  m a i n l y  c o n c e r n e d  w i th  the m e a s u r e m e n t  

of  the c r o p la n d  p r o d u c t i v i t y  in d e x  f o r  a l l  the 411 th a n a s  of B a n g l a ­

d e s h .  I t  in v o lv e d  the i n t e r p r e t a t i o n s  of s p a t i a l  p a t t e r n s  th a t  e m e r g e d ,  

and  the e v a lu a t io n  and id e n t i f i c a t i o n  of  the in f lu e n ce  of c ro p p in g  i n ­

t e n s i t y  and  the r e l a t i v e  a c r e a g e  and y ie ld ,  of v a r i o u s  c r o p s  on c r o p -
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l a n d  p r o d u c t i v i t y  w i th in  the p r e v a i l i n g  s e t  of p h y s i c a l  and s o c i o ­

e c o n o m ic  c o n d i t io n s .

The  g e n e r a l  d i s t r i b u t i o n  of i n d i c e s  r e f l e c t e d  a v e r y  low 

c r o p l a n d  p r o d u c t i v i t y  p e r  a c r e  of l a n d ,  w i t h  a  n a t i o n a l  m e a n  of 

on ly  R s ,  8 0 8 .9 2  ( $ 1 7 0 .0 0  US), w h i c h  is  one of the  l o w e s t  in  u n d e r ­

d e v e lo p e d  c o u n t r i e s  ( A l a m g i r  1 9 7 5 ) .  T h is  f r e q u e n c y  d i s t ­

r i b u t i o n  of i n d ic e s  sh o w ed  th a t ,  out  of 411 t h a n a s ,  221 (54%) w e r e  

found  to have  a p r o d u c t i v i t y  of l e s s  t h a n  the  n a t io n a l  a v e r a g e  

(R s .  800. 00 p e r  a c r e ) ,  a n o t h e r  181 (44%) a p p e a r e d  to have  a p r o d ­

u c t i v i t y  in  the R s .  8 0 0 .0 0  -  1 4 0 0 .0 0  r a n g e ,  w h ic h  i s  j u s t  above  the 

n a t i o n a l  a v e r a g e .  O n ly  t h r e e  t h a n a s  have  p r o d u c t i v i t y  p e r  a c r e  o v e r  

R s .  2 0 0 0 .0 0 ,  of w h i c h  on ly  one i s  above  R s .  2 5 0 0 .0 0  ( T o n g ib a r i  of 

D a c c a  - R s .  3 5 8 3 .0 4 ) .

S p a t ia l  p a t t e r n s  of c r o p l a n d  p r o d u c t i v i t y  w e r e  e m p lo y e d  

u s i n g  t r e n d  s u r f a c e  m a p p in g  t e c h n iq u e .  T he  r e s u l t s  of the a n a l y s i s  

of  s y s t e m a t i c  r e g i o n a l  p a t t e r n s  c l e a r l y  . r e v e a l e d  the c o u n t r y ' s  s u b ­

s i s t e n c e - o r i e n t e d  c r o p  p r o d u c t i o n  p a t t e r n .  C o m p a r a t i v e  a n a l y s i s  

of the b e s t  f i t t ed  t r e n d  s u r f a c e  p a t t e r n s  of m o n s o o n  and p r e -  

m o n s o o n  r a i n f a l l ,  the i n t e n s i t y  of l a b o u r  e m p l o y e d  and the d i s t r i ­

b u t io n  p a t t e r n s  of o w n e r - o p e r a t e d  f a r m s  w i th  p r o d u c t i v i t y  t r e n d  

s u r f a c e  p a t t e r n s  show ed  a v e r y  c lo s e  a r e a l  a s s o c i a t i o n  w h ic h  s t r o n g ­

ly  i n d ic a t e d  t h e i r  m a j o r  r o l e  in  s h a p in g  the s t r u c t u r e  of c r o p la n d
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p r o d u c t i v i t y  in  B a n g la d e s h .  The m a p s  of r e s i d u a l s  r e v e a l e d  a 

g e n e r a l  low p r o d u c t i v i t y  p a t t e r n  th r o u g h o u t  the w h o le  c o u n t r y  e x -  

c e p t  f o r  a  few  h ig h ly  p r o d u c t iv e  a r e a s .  T h e s e  a r e a s  a r e  e x c e p t i o n ­

a l  b e c a u s e  of  t h e i r  s p e c i a l i z a t i o n  in  a ny  one of  the h ig h  va lue  o r  

h i g h - y i e ld i n g  c r o p s ,  s u c h  a s  t o b a c c o ,  s u g a r - c a n e ,  p o ta to ,  IRRI 

b o r o  o r  b o r o .

The a n a l y s i s  of the  in f lu e n c e  of c r o p s  and  c ro p p in g  i n ­

t e n s i t y  on  the  s p a t i a l  v a r i a t i o n  of  c r o p l a n d  p r o d u c t i v i t y  w a s  a c c o m ­

p l i s h e d  u s i n g  the s t e p w i s e  r e g r e s s i o n  p r o c e d u r e .  T he  r e s u l t s  s h o w ­

ed th a t  a m o n g  a l l  the  23 i n d e p e n d e n t  v a r i a b l e s ,  c r o p p in g  i n t e n s i t y  

p lay e d  the m o s t  i m p o r t a n t  r o l e  in  e x p la in in g  c r o p l a n d  p r o d u c t iv i t y .  

A m a n ,  a u s  and  ju te ,  the t h r e e  r a i n - f e d  m o n s o o n  c r o p s ,  e m e r g e d  

s ig n i f i c a n t  in  t e r m s  of t h e i r  y i e l d s ,  b u t  t h e i r  a c r e a g e s  p r o v id e d  

a  v e r y  low l e v e l  of e x p la n a t io n .  On the  o t h e r  hand, the  i r r i g a t e d  

r i c e  c r o p s  IRRI b o r o  and  b o r o ,  p o ta to ,  t o b a c c o  and s u g a r - c a n e  

w e r e  s ig n i f i c a n t  in  t e r m s  of  t h e i r  a c r e a g e .  P u l s e s  a c r e a g e  w a s  

the  on ly  v a r i a b l e  w i th  a  s i g n i f i c a n t  n e g a t iv e  r e l a t i o n s h i p  to c r o p ­

l a n d  p r o d u c t iv i ty .  M u s t a r d  and w h e a t  n e i t h e r  by  t h e i r  a c r e a g e  

n o r  b y  y ie ld s  w e r e  of s ig n i f i c a n t  r e l a t i o n s h i p .

The m a j o r  f in d in g s  of th is  s tu d y  a r e :

1. C r o p la n d  p r o d u c t i v i t y  in  B a n g la d e s h  i s  low ,  e x c e p t  

f o r  a  few r e l a t i v e l y  h igh ly  p r o d u c t iv e  t h a n a s  of D a c c a ,  R a n g p u r
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and Chi t tagong  Hill  T r a c t s  d i s t r i c t s .

2. A n a ly s i s  of s p a t i a l  p a t t e r n s  r e v e a l s  a  g r a d i e n t  in 

c ro p l a n d  p r o d u c t iv i t y  f r o m  h i g h e r  v a lu e s  in  the e a s t  to the l o w e r  

v a lu e s  in  the w e s t .  The  g r a d i e n t  h a s  a  c lo s e  a r e a l  a s s o c i a t i o n  w i th  

the  m o n s o o n  and p r e - m o n s o o n  r a i n f a l l  d i s t r i b u t i o n  p a t t e r n s ,  l a b o u r  

i n t e n s i t y  p a t t e r n s  and w i th  the  p e r c e n t a g e  d i s t r i b u t i o n  of o w n e r  - 

o p e r a t e d  f a r m s .  T h is  s u g g e s t s  t h a t  c r o p  c u l t i v a t io n  in  B a n g la d e s h  

i s  s t i l l  m a in ly  d e p e n d e n t  on the m e r c y  of  r a i n f a l l .  The e a s t e r n  

p a r t s  g e t  m o r e  w a t e r  f r o m  b o th  the  m o n s o o n  and  the p r e - m o n s o o n  

r a i n f a l l  than  the  w e s t e r n  p a r t s ,  and u l t i m a t e l y  p ro v id e  a h i g h e r  

c ro p p in g  i n t e n s i ty  and h i g h e r  c r o p l a n d  p ro d u c t iv i ty .

The d e n s i ty  of a g r i c u l t u r a l  l a b o u r  f o r c e  h a s  an e v en  

c l o s e r  a s s o c i a t i o n  w i th  c ro p la n d  p ro d u c t iv i ty .  T r a d i t i o n a l  c u l t i ­

v a t io n  of a m a n  and aus  d o e s  not  r e q u i r e  as  m u c h  l a b o u r  a s  the 

c u l t iv a t io n  of IRRI b o r o ,  b o r o ,  p o ta to ,  t o b a c c o ,  s u g a r - c a n e  and 

ju te .  The l a t t e r  c r o p s  a r e  c o n c e n t r a t e d  m o s t l y  in  the e a s t e r n  

p a r t  of B a n g la d e s h .  M o r e o v e r ,  the s m a l l  o w n e r - o p e r a t e d  f a r m s  

a s s o c i a t e d  w i th  d e n se  p o pu la t ion  of the e a s t  a r e  i n t e n s i v e l y  and 

c a r e f u l l y  c u l t iv a te d  and t h e i r  c ro p p in g  p a t t e r n s  m o r e  d i v e r s i f i e d  

th an  the t en a n t  o r  s h a r e - c r o p p e r  o p e r a t e d  f a r m s  in  the w e s t .

T hus  a l l  t h r e e  f a c t o r s  a r e  c o n c e n t r a t e d  in  the e a s t e r n  p a r t  and 

u l t i m a t e l y  m ak e  th is  p a r t  r e l a t i v e l y  m o r e  d e v e lo p ed  in a g r i c u l t u r e
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t h a n  the w e s t e r n  p a r t  of the  c o u n t r y .  S p e c ia l  a t t e n t i o n  to w a t e r  

r e s o u r c e s  d e v e l o p m e n t  p r o g r a m s  and the su p p ly  of n e c e s s a r y  

i n p u ts  and e x t e n s i o n  s e r v i c e s  a r e  n e e d e d  f o r  the l e s s  p r o d u c t iv e  

a r e a s .

3. C ro p p in g  i n t e n s i t y  i s  the  m o s t  i m p o r t a n t  f a c t o r  in

i n c r e a s i n g  l an d  p r o d u c t iv i ty .  In a  c o u n t r y  l ik e  B a n g l a d e s h  w h e r e

c u l t iv a b le  l a n d  i s  l i m i t e d ,  p r i o r i t y  sh o u ld  be  g iv e n  to b r i n g  m o r e

la n d  u n d e r  m u l t i p l e  c r o p p i n g  and h e n c e  to  i n c r e a s e  c r o p  p roduc t ion . .

F o r  th i s  p u r p o s e  h o w e v e r ,  t h e r e  i s  the  p r o b l e m  of c r o p  s e l e c t i o n :

w h ic h  c r o p s  shou ld  be  g iv e n  p r i o r i t y  f o r  c u l t i v a t io n .  A m a n ,  aus

and ju te ,  the  t h r e e  m a i n  c r o p s ,  show  s t r o n g  p o s i t iv e  c o r r e l a t i o n  in

t e r m s  of y i e l d s ,  b u t  w e a k  and  low c o r r e l a t i o n  in  t e r m s  of a c r e a g e .

T he  c u l t i v a t io n  of t h e s e  c r o p s  w i th o u t  b e n e f i t  of  f lood  c o n t r o l  and

d r a i n a g e  and  the f a i l u r e  to i n t r o d u c e  i m p r o v e d  s e e d s  and f e r t i l i z e r s  
»

on any  s c a l e  a c c o u n t  f o r  the  a b s e n c e  of any  a p p r e c i a b l e  i n c r e a s e  

in  t h e i r  y i e ld s  fDutt ,  e t  a l ,  1973). T he  p o o r  p e r f o r m a n c e  of aus  

and  a m a n ,  and the u n c e r t a i n  f u t u r e  m a r k e t  f o r  ju te  n e e d  c a r e f u l  

i n v e s t i g a t i o n  a s  to w h e t h e r  i m p r o v e m e n t s  a r e  w a r r a n t e d  in  the 

c u l t i v a t io n  of th e s e  c r o p s .  The s i g n i f i c a n t  y ie ld  r e l a t i o n s h i p s  w i th  

c r o p l a n d  p r o d u c t iv i ty  h o w e v e r ,  s u g g e s t  t h a t  w i t h  i m p r o v e d  f a r m  

p r a c t i c e s  and p r o p e r  c a r e  t h e s e  c r o p s  m a y  give v e r y  good y i e ld s .  

H o w e v e r ,  v a s t  a r e a s  u n d e r  t h e s e  c r o p s  m a y  not  be w a r r a n t e d .
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The o t h e r  s i g n i f i c a n t  c r o p s  th a t  show good p e r f o r m a n c e  

a r e  IRRI b o r o ,  b o r o  and  p o ta to .  S u g a r - c a n e  and to b a c c o  a r e  a l s o  

found  s i g n i f i c a n t  b y  t h e i r  a c r e a g e .  T h e s e  c r o p s  n e ed  m o r e  c a r e f u l  

a t t e n t i o n  and  p r o p e r  a p p l i c a t i o n  of w a t e r ,  f e r t i l i z e r  and  p e s t i c i d e s .  

T he  y i e ld s  of s u g a r - c a n e  and to b a c c o  a r e  low ,  b u t  b y  va lue  th ey  

a r e  i m p o r t a n t  c a s h  c r o p s .  H o w e v e r ,  b y  i n c r e a s i n g  a c r e a g e  u n d e r  

t h e s e  c r o p s ,  the c r o p l a n d  p r o d u c t i v i t y  and  th u s  i n c o m e  p e r  a c r e  

c a n  be  r a i s e d  to a  h i g h e r  l e v e l .  W ith  l e s s  w a t e r  and  f e r t i l i z e r s  

p o ta to  c a n  g ro w  in  m a n y  p a r t s  of B a n g la d e s h .  It g iv e s  a t  l e a s t  

t e n  t i m e s  h i g h e r  y ie ld  i n  we igh t  th an  r i c e  and  a  f ive  t i m e s  h i g h e r  

p e r  a c r e  m o n e t a r y  r e t u r n s .  T h i s  h ig h  c a l o r i e  food shou ld  take  a 

m o r e  i m p o r t a n t  p lac e  in  the  B a n g a le e  d ie t ,  and s a v e  the  h a r d -  

e a r n e d  f o r e i g n  e x c h a n g e  s p e n t  on f o o d g r a i n  i m p o r t s .  I n c e n t iv e s  

sh ou ld  be  g iv en  to the f a r m e r s  to g r o w  m o r e  p o ta to  and  f o r  c o n ­

s u m e r s  to en jo y  i t  m o r e  in  the d a i ly  d ie t .  S ince  p u l s e s  and o i l ­

s e e d s  a r e  e s s e n t i a l  f o r  p r o t e i n ,  m u s t a r d  and  p u l s e s  n e ed  m o r e  

i m p r o v e m e n t s  in  t h e i r  c u l t iv a t io n .

T h is  s tu d y  is  l i m i t e d  in  sc o p e  to the T h a n a  d a ta  a v a i l a b l e  

f o r  on ly  one y e a r .  C l e a r l y ,  s in c e  the p r o d u c t i o n  of  d i f f e r e n t  c r o p s  

f l u c t u a t e s  f r o m  y e a r  to y e a r  due to n a t u r a l  and m a n - m a d e  h a z a r d s ,  

a  m e a n  v a lu e  g e n e r a t e d  f r o m  s e v e r a l  y e a r s '  d a ta  would  have  p r o ­

v id ed  a  m o r e  p r e c i s e  m e a s u r e  of the p r o d u c t i v i t y  of v a r i o u s  c r o p s .
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M o r e o v e r ,  the in c lu s io n  of o th e r  c ro p s  a s  w e l l  a s  t h e i r  b y - p r o d u c t s  

a t  the f a r m  le v e l  w ould  have  p ro v id e d  a c o m p r e h e n s iv e  a s s e s s m e n t  

of c ro p la n d  p ro d u c t iv i ty .  P e r h a p s  a fo llow up  s tu d y  cou ld  be m ade  

w i th  th e s e  r e q u i r e m e n t s ,  w h e n  s u c h  d a ta  b e c o m e  a v a i la b le .

T h is  s tu d y  r e v e a l s  th a t  the a g e - o ld  m e th o d  of c u l t iv a t io n  

and f a r m  p r a c t i c e s  h a m p e r  the im p r o v e m e n t  of c ro p la n d  p r o d u c t ­

iv i ty .  Im p ro v e d  f a r m  p r a c t i c e s  o r  m o d e r n i z a t io n  is  need ed  to i n ­

c r e a s e  the p ro d u c t io n  of c r o p s .  H o w e v e r ,  th is  r e q u i r e s  f u r t h e r  

in v e s t ig a t io n  a t  the f a r m  le v e l  in  o r d e r  to l e a r n  how v a r io u s  c r o p s  

a r e  g ro w n  and how the  old  f a r m in g  p r a c t i c e s  a f fe c t  c ro p la n d  p r o d ­

u c t iv i ty .

F in a l ly ,  i t  is  hoped  th a t  the f in d in g s ,  e s p e c i a l l y  the i d e n t i ­

f i c a t io n  of a r e a s  w h e re  s p e c i f ic  c ro p p e d  a c r e a g e ,  c r o p  y ie ld s ,  and 

c ro p p in g  in te n s i ty  have  d i r e c t  r e l a t i o n s h ip  to c ro p la n d  p ro d u c t iv i ty ,  

w ou ld  be  of u se  to g o v e rn m e n t  d e c i s io n  m ak in g  in  B a n g la d e s h .
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APPENDIX - A

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

Thana Name
No. Dina.jpur District
1. Kotwali2. Birol •
3. Eochagonj4. Kaharole
5. Birganj6. Khanshama7. Chirirbandar8. Parbatipur
9. Phulbari
10. Nawabgonj11. Hakimpur12. Ghoraghat
13. Thakurgaon14. Pirgonj15. Haripur16. Ranisankail
17. Baliadangi
13. Atwari
19. Tetulia20. Panchagarh
21. Boda22. Debigonj Rangpur District
23. Kotwali24. Kawnia25. Gangchara26. Mithapukur
27. Pirgonj28. Pirgacha29 Badargonj30. Kaligonj
31. Hatibanda32. Patgram
33. Gaibandha34. Palshbari35. Gabidagonj36. Shaghata
37. Sundargonj
33. Sadullapur
39. Pulchari40. Kurigram
41. Ulipur
42. Chilmari

ThanaNo.
Name

43. Rawmari
44. Bhurungamari
45. Nageshwari
46. Lalmonirhat
47. Pulbari
43. Nilphamari
49. Saidpur
50. Dimla
51. Domar
52. Jaldhaka
53. Kishoegonj Bogra District
54. ?anchbibi
55. Joypurhat
56. Khetlal
57. Adamdighi
58. Dubchanchia
59. Kahalu
60. Bogra61. Gabtali
62. Shibgonj
63. Sariakandi
64. Sherpur
65. Dhunot
66. Nandigram Ra.lshahi Distr
67. Boalia
68. Paba
69. Tanore
70. Mohanpur
71. Bagmara
72. Durgapur
73. Puthia
74. Godagari
75. Charghat
76. Nav/abganj
77. Bholahat
78. Nachole
79. Shibgonj
80. Gomastapur
81. Porsha
82. Naogaon
83. Badalgachi
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Continued...

ThanaNo.
84.85. 36.
87.88.
89.90.
9192.
93.94.
95.96.

Name
Niamatpur Hand a Mahadebpur Atrai Raninagar Damo irhat Patnitala Natore Bagatipara 
Laipur Baraigram 
G-urudaspur 
Singra Pabna District

97. Pabna
98. Atgharia
99. Ishurdi
100. Chatmohar
101. Faridpur
102. Sunthia
103. Bera
104. Suj anagar
105. Sirajganj106. Kazipur
107. Raigonj
108. Tarash
109. Ullapara
110. Kamarkhond
111. Belkuchi112. Chouhali
113. Shazadpur Kushtia District
114. Kushtia
115. Khoksha116. Kumarkhali
117. -Mirpur
118. Bheramara
119. Daulatpur
120. Chuadanga
121. Alamdanga
122. Damurhuda
123. Jibannagar
124. Meherpur
125. Gangni Jessore District
126. Kotwali
127. Sharsha128. Jhikargacha
129. Avoynagar130. Bagherpara

Thana NameNo.
131. Manirampur132. Keshabpur
133. Jhenaidah
134. Shailkupa
135. Harinakunda136. Kaligonj
137. Coat Chandpur
138. t!aheshpur
139. Magura140. Sreerampur
141. Shalika
142. Mohammadnur
143. Narail
144. Kali a
145. LohagaraKhulna District146. Khulna
147. Batiaghata148. Daulatpur
149. Fultala150. Terokhada
151. Dumuria
152. Dacope
153. Paikgacha
154. Bagherhat
155. Fakirhat156. Mollahat
157. Kachua
158. Sarankhola
159. Rampal
160. Morrelgonj
161. Satkhira
162. Kalaroa
163. Kaligonj
164. Tala
165. Debhata
166. Assasuni
167. SaymnagarEarisal District
168. Ko twali
169. Jhalakathi170. Rajapur
171. Nalchity
172. Bakergonj
173. Charamaadi
174. Gournadi
175. IJj irpur176. Babugonj
177. Muladi
173. Hizla
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Continued..
109

Thana NameNo.
179. Mehendigonj130. Pirojpur131. Swarupkathi182. Banaripara
183. Nazirpur184-. Bhandaria185. Kathalia186. Mathharia
187. Kowkhali188. Bhola
189. Daulatkhan190. Borhanuddin
191. Tajmuddin192. Lalmohan
193. . Charfession

Patuakhali District
194. Patuakhali195. Bauphal196. Galachipa197. Mirzagonj198. Barguna199. Amtali
200. Bamna201. Patharghata202. Betagi
203. Khepupara Paridpur District
204. Kotwali
205. Char Bhadrashan206. Sadarpur207. Bhanga208. Nagarkanda
209. Alfadanga210. Boalmari211. Raj "bar i212. Goalunaghat
213. Pangsha214. Baliakandi215. Muksudpur216. Gopalgonj217. Kotwalipara218. Kasiani
219. Rajoir220. Kalkini
221. Go shairhat222. Bhedergonj
223. Naria224. Janjira

Thana NameNo.
225. Madaripur226. Shihchar
227. Palong

Dacca District228. Tejgaon
229. Keranigonj230. Nawabgonj
231. Dohar232. Sreepur
233. Kapasia234. Kaligonj235. Joydebpur236. Savar
237. Dhamrai238. Kaliakair
239. Lfunshigonj240. Louhajang241. Srinagar242. Sirajdikhan243. Tongibari244. Gazaria
245* Nanikgonj246. Saturia
247. Singair248. Harirampur
249. Shibalaya250. Daulatpur
251. Gheor252. Narayangonj
253. Araihazar254. Rupgonj255* Baiderbazar256. Fatulla
257. Narshingdi
258. Raipura
259. Shibpur260. Monohardi

Tangail District
261. Tangail262. Basail263. Ghatail
264. Kalihati265. Nagarpur
266. Mirzapur
267. Gopalpur268. Nadhupur
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Continued.

Thana Name Thana
No. No.

Mvmenshingh Bistrict 314.
269. Kotwali 315.270. Muktagacha 316.
271. Fulbaria 317.272. Trishal 318.
273. Bhaluka 319.
274. Gaffargaon 320.
275. Nandail 321.
276. Ishwargonj 322.
277. Gouripur 323.278. Phulpur 324.
279. Ealuaghat 325.280. Jamalpur 326.
281. Islampur 327.282. Sherpur 328.
283. Sreebordi 329.284. Sarishabari 330.
285. Nalitabari 331.236. Nakhla 332.
287. Melandah 333.288. Madargonj 334.
289. Bewangonj 335.

Kishoregon.1 Bistrict 336.
337.338.
339.340.
341.

j  A

290. Kishoregonj
291. Eussainpur
292. Pakundia
293. Earimgonj
294. Tarail
295. Bajitpur 342.

343.
"T A A296. Kuliarchar

297. Kathiadia 344.
298. Austogram
299. Bhairab 345.300. Nikli 346.301. Itna 347.302. Netrokona 348.
303. Purbadhola 349.304. Burgapur 350.
305. Berhatta 351.306. Mohangonj 352.
307. Atpara 353.308. Kendua 354.
309. Kaliajuri 355.310. Mad an 356.
311. Kalmakanda 357.Sylhet Bistrict 358.312. Kotwali 359.
313. Gowainghat 360.

Name
E a l a g o n j
T a j p u r
B isv /a m a th
B en e  h u g e  n j
G o p a lg o n j
J a i n t i a p u r
K a n a i g h a t
Z a k ig o n ^
B e a n i b a z a r
E a b i g o n j
M a d h a b p u r
C h u n a r u g h a t
B a h u b a l
B a n i a c h a n g
N a b i g o n j
L a k h a i
A j m i r i g o n j
S u n a m g o n j
C h h a t a k
J a g a n n a t h p u r
T a h i r p u r
D h a r m a p a s h a
B e r a i
S u l l a
J a m a l g o n j
M o u l a v i  B a z a r
R a j a n a g a r
K u l a u r a
S r e e m o n g a l
K a m a lg o n j
B a r l i k h a

C o m i l l a  D i s t r i c t  
C h a n d in a .  
B e b i d d a r  
L lu r a d n a g a r  
B a u d k a n d  i  
Homna 
K o t w a l i  
B u r i c h o n g  
C h o u d a a g ra m  
L ak sam  
B a r u r a  
C h a n d p u r  
F a r i d g o n j  
M a t l a b  B a z a r  
E a j  i g o n j  
K a c h u a  
B r a h m a n b a r i a
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Ill
Continued....

Thana
Ho.
3 6 1 .
3 6 2 .
363.364.365.
3 6 6 .
367.
3 6 8 .
369.
370.
371.372.
373.374.375.376.
377.378.

379.
3 8 0 .  
3 8 1 .  
3 8 2 .
383.384.385.
3 8 6 .  
387.

Name
Sarail Nasimagar 
Nabinagar 
KasbaEancharampur 

Noakhali District393.

ThanaNo.
3 8 8 .
389.390.
391.392.

Sudharam" 
Companigonj Hatiya Ramgati
LakshmipurRaipurBegumgonjSenbagRamgonj
FeniSonagaziChhagalnaiyaParsuram

394.
395.396.
397. 393.
399.
400. 401. 
402.
403.404.
405.406.

Chittagong Dist. 407. 
Doublemooring 408. Panchlaish 409. Hathazari 410.
Sandwip 411.Mirsarai Sitakundu Patikchhari 
Rao j an Rangunia

Name

Anwara
BanskhaliBoalkhali
PatiyaSatkaniaCox’s BazarChakaria
KutubdiaRamu
Moishkhali Teknaaf Fmhiya Chittagong Hill Tracts 
Rangamati Chandraghona Subalong Baghaichhari Langadu Ramgarh Khagrachhari Dighinala 
Ruma LamaNakhyongchhari
Bandarban
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APPENDIX - A.l

Productivity per acre, Total cropped area (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, IHRI boro, aman, wheat, potato, pulses, 
rape and mustard, jute, sugar-csne and tobacco.

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



j 112

a a a a a a
a a a a a a

• • * • •
T 9 a 3 3
CM a a 51 a 3
a mm x M n X

CM i 3aa a 3 3 a
a a 3 «n J .3
s 4* CM •M T
M ♦ M n .M -n

>♦ II M ii ll ii
I/i yi <n -a •n

U*
<L u X X X

3 2 5 3 a 3
0 CM 2 X .*1 S CM 2 o 3 a CM a * JM 3
CM n O 5 O n aa 7) •T •n 41• • 2 • • Z • Z « « z • z • • 2
mm o aa O CM « a a M a ci ■* O o mm O O aa

a 2 o M o a
am •ii u. a* X •u a* X aa X

3 2 a a 3 3
•j X X X X< < < < <> > > > > >

V* n >0 V* <M o mm aa U* 9 CM
. ‘•J < J CM j n a* a < X X X <M X X• • < • • < • « < • • « • • < • • <in X a* a x CM a ♦ n X- 41 O' X a n X

o U 55 a* in o u» 3 X 3 mrn 5
•• X -a X x X aa X

3CM&
n

no
n s . 4139?4

O41 <0
Hi

oo
419

QQ
•CM?Mno

oc* n9O
r>

c*
X
9

47
3*

u (I II n it ilaa 2 X aa z aa 0 z 41 aa 2 aa 3 2 X aa Z3 3 « X 3 CU CM 2 9 C r» CM C 9 3• • • • » • • • • • • t
c l !•! ."1 X «r CM X X X 1*1 aa X n X CM i*l Xs| X 9 X 9 C aa X y CM uml 3 3si X C C 5 2 C

c c» u C C
d 2 2 z S a 2

a & a a a aCl aa o X 3 aa X r» a o 3 n aX o X X •0 n X O 3 X 9 mi & 9 —
• • < • • < • • < • • at • • < • • <Q X r o aa X a o X ■a X X aa aa X a aa X

a* a* C 9 c W 0* c O' c
X X X X X X

a o o O a aa o o o o o»a •} • <M 1 • o in • 9 3 • 9 PI • 3 3 •
5 a o m CM 3 a * X n 9 9 CM a X 2
• • M • • • • 41 • « o • • Q « « On •n «a ♦ X O aa O a a o a X ■a 9 c3 a M CM a» 9 o 90 X •• 41 X 3 3

C*m

41x

<1 X•n

cm
c

n a;
5
e:

X
>

z 
u
LU

X < P4 41 < o
• u • • tu •

.1 X a 3 z o
c < 3 <
mm

u u
U4 Ul

a £
mrn CM aa 2 z
3 a CM 3 2 9
« u • • U •

a aa a 41
s* 2 •a 41

u u u
< 1 * <
X < X•a J»
X uj X

IM CM > m 4
«• aa < •• a#

« 0‘ < • • X < •
9 9  U o o iu o

• 2 < o • t:
9  < z aa •n *<
3 a"
x e as 9 2

U X U
ii 2 < II 2
•i i a J aa e. •n

'*> i c n o z o o
• w a • (J. U 2 •

u a X < U a
O a
aa aa 2 mJ

< 2 u <
X IU 2 X
2 m; C
X 2 > X

n X Xi X
<M IL O' 2 (L X
• c « t >c •

n a 4) •T n
•a X CM < ^  X» ka X X
aa u z zj u z

Z*KJ i “ •aflu j ■a J u
: - 2 » <|

f - W ■a a 2 UJ
- 1 i X uj —0.

• *JJ 
*

o <n iu • 2' S <
Xx«u:t| *
z[3

c: u
cua

—u.> c
V* X
u  Z  
-  IL c u

41
9

O«« flo<
■C UJ • 2  »<■n'CO u.' ii 2,
: c:
0 
-

nm

n
41 •• o• O < •aa x uj o
e • caa*«

x
♦  c

’•U
1 Xs. _ 2 o

S •2C 9• U a •aa < u o

2 u
■1. <&X

C>
X 3

<* •a IL X
» > C •

9
3  ^ X X mm

y U Z
2 ’4J

2 2 U
si a*

5 H< 2 &

X < -• CJ•c
Sc
ii £ 
zc

o ~ 
• u

CM 2•n r
— «f

r>o
ncm

s
£
n

cm3
oO'

*1
 ̂? 
< 
<

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

IM
nn

mC
 

T I
VI

 T
V 

l»l
:H 

Al
.H

I 
- 

ti-
jO

.5
4 

TI
IT

AI
 

CH
0l>

(»
F0

 
AH

I;
A- 

bV
lc

-J
.O

O
 

TO
TA

L 
Pl

tfD
UC

 
T I 

H.
N- 

I tl 
OS 

37 
I. 

00 
T l

it 
AI 

VA
I 

IIP 
IN 

II
U

PI
K

S- 
^u

7V
!U

U
0.

U
0

IM
HT

c
h

n
I 

ii
F 

TO
TA

L 
C

K
IW

l
O

 A
HC

Ai



113

o 3 a 9 O 9 3 9
3 3 3 3 3 3 3 3
0 • 0 • • • • •

o 3 j 3 3 3 3 J
o 3 — 9 9 0 3 A
3 V V 9 04 mrn hi •o
N ♦ 1 J 9 9 hi
,•>» 3 H H 9 3 mm '4
9 3 31 mm >4 3 A
N» H 9 "J 9 •«i
04 *i N i** A 1 N

*1 II il II M II II
VI a (A *A A A A A
’44 ’44 U 4 >44 4 4 'ii
4 £* U UJ UJ UJ U 4

3 3 - 3 5 3 T,
3

a
3 3

" i — A mm X — o ■x 9 3 X A 04 2 A o X OJ 9 a 9 2̂ 2 A
o 04 04 04 O © O A 04 9 am A O 9

• z • •» • 0 z 0 • z • • Z • • Z • • z • • Z •
o o O mm a a mm o h* mm O a a h. mm o 0 «. o u» M O
o 9 A 3 o 9 A hi
— uj 4 UJ *4 — UJ UJ UJ u

3 3 9 3 3 3 3 3
-I 4 4 4 4 4 4 4
< < < < < < < <
> > > ,  > > > > >

i t o — h 9 34 A Ol SU 9 <44 o 01 o 9 A
OJ -I 5* a  .■ 4 03 4 4) mm 4 mm a 4 hi 'Q 4 o 9 4 o 01 4 A
• < • • • < « • < 0 • < 0 « < • • < ♦ • < • • < •

04 > • o  • 3» K (A h >• O mm >• 9 W n mm W CO A W a 9 hi a
3 hi c a 9 a mm a O a O C 9 3
h- Pm ►» w ■" Pm •" Pm pm

fi 3 o 9 o o r 9
04 3 •A 9 o o 01

N • 3 • •n O' « 0* 0* • o Ol 0 n n • a • N N m A
9 A 4 3 N -1 H 9 — N tn d mm 9 o A n N 3* 9

• H t • 9 • • H • • 04 • • o « 0 o t • *1 • • A •
9 o A 4 — 0) 9 — 4 d — O n 04 9 o 9 01 a 9 mm a
J » 9 9 OJ 0 9 o «• A 9 A 3 hi
0 4 mrn 9 9 mrn A 9 01
*C H 3 9 o 9 9 2

04 9 A

II II II II tl 11 il il
9 z h 3 Z mrn — 2 -9 — 2 9 mrn Z o n 2 mm Z mm 9 2 ~m
9 3 mm V Q mm <4 a A 9 a A Pm a 9 A Q •o h» a o 04 3 9
• 0 • • • • t • 0 « 0 0 • 0 • •

4 h* 1*1 9 4 03 ri r» © — h» 9 04 »• 9 9 *m 9 Ol 'V hi 4 hi
• u U 04 y <0 4 9 u A u <? u hi KJ

2 mm 3 3 3 3 3 3
2 2 9 3 a a O a
u 4 u 4 3 u U u
X x 22 * 2 z 2 s
2. Ii a a a a a

J • o 3 o 3 9 9 n s 9 9 01 hi o
SJ 3 9 C 4 ■1 9 4 9 9 4 04 3 4 n m 4 o O 4 •• m 4 A
• X • • < • • < • • < « 0 < • • « t * < • • < •

mm w o C' K N — P» a mm Pm 9 mm o o 4 mrn hi 01 a O. « Q u 9 4 9 Q 9 3 U' ’4 9 3
— Pm h- **

pm, 4 Pm pm

o a a U o U u 9
o a a a o o o O
• 91 • Q H • mrn — • mm A • N C • a 9 « hi "i « 9

3 23 N 9 9 a mm 04 0* 9 a n 9 01 9 N n 9 9 •i 01
• 9 • • N • • j» 0 * mm • • 04 • • 04 • t A * • A •

*• j mm M Q O .3 h a A K o 9 mrn mm O mt a 3* 9 o 9 M O
5 ■n 3 fs» 3 04 0* A h> 9 n hi •7 9 J'

0 N 9 A 04 M c* 4 A

0J il C* 9 » O' — U 04 9  It 9  9 tl S « <1 9 5> ii — -1 II —
-  < -  N < O N < C Q < 3 < OJ H < n a < ©
• J • • U4 * • 4  • « J J *  • 4 • • 4 • • 4 • • 4 t

n z a  9 Z O  n z o  a  o: o  a 3 O 9 X o A 2 o A X 9
N 9  3  % A <  0 9  h. 9 9 O 9 N <

U 3  U U U U U a
’44 U U UJ UJ UJ UJ w

‘ 2. i  C. Cm • z 2
a  a  a  a 2 2

N 3 *4 *4 3  -• OJ C 9  N C 9  A 3 H 01 o o N z <5 © 3 U
O i Z A  -  Z O - 2 9  — 2  -  ^ 3 c 2 H 2 9 hj 2 0J

! • 4  • • 4  • • (J • • 'J • • 4 0 « 4 • • U • • 4 •
3 04 *4 — 04 O N  0 9 A 04 — 01 H 9
*» hi •• A 3  3  •• J* ^  •• 9 *1 «« 9 • • A c •• f t • •

4 U 4 U 4 4 ( U 4 U J 4 4 4 4 4 4 4 4
< J  < 9  < 9  < 9 < < ■ + < 3 9 9
O i < h i < 0i < h i < hi < hi 9 hi < — 9
3  Z Z Z 2 Z Q Z c 2 C 2 3 2 x
W ' ^ j K U J ^ U J h i U J H 4 K 4 — 4 l- UJ

-  A > n  A > 3 9 > -  h- > 0 H > A ,H > •A 'A > — ■c >
hi •• 9 < — •• A < <* • * mm < hi •• 04 < 04 • « 0J < O •• H 9 O' •« O < H •« OJ 9

1 • 9  < • « 9 < • • C < • • hi < • • 01 < • « ^  < • • 9  9 • ■ A 9 •
— 9 U O 4 0 *  OJ UJ O 4  9  9  UJ O 4  mm 0* UJ O — — UJ o 4 0J 9  UJ O 4 S 3 4 e 4 — 0J4 o 4
O *2  9  04 *c  < — *2 9 9  *Z 9 0 • a 9 OJ • a < 3 *« < e •C 9
-  9 9  Z -  9 <  Z - *  3 <  Z -  0J < Z - 3 < Z — 01 9 2 -  9 Z — o < Z

^ • 3 - O A 3 h . Q h* 3 h» 3 -1 3 o 2
A 3 — 9 3  — 9  0  — 9 0  -• HQ — s  a — 9 0 — JC —

il — *4j m 'jj — ‘U P * 4 — 4 — 4 — 4 —
it \  <  1 1  <  it 0. <  '12. < il 2 9 it a 9 •1 2 9 il 2. 9
.J \  T. Z  9  U* 3 Z  ** 4 0. A Z -• J i  9 g A 4  2 3 * A 4  2 A 2 — ii 1 ,i i ^ •• — Z

<S 2 3  0J 3  SQ  A O X Q  “1 9  2 0  O oi 2 0 O 2  O O 9 2 3 9 <*! 2 0 —
• '4 2  • 'i» • UC • 1  < (J e  • U. • UC • t  ' 4  Z * 4 » 4  2 • 4 • 4CS • U. • 4 2 • ‘4

9  <(J 0  3  9  <U -•  3 C" <U  O 3 h. 9VJ O o  -1 <  4 o 3 i* <  4 3 3 — <  4 O 3 *1 <  4 o —
-  — a  o  3 o 5i o
-  2 4  ^  -  2 4  h- -  2 4  V- 2 4  N» «* X  4 — — X  4 — 2  4 — mm 2  4 hi

4 9  Z 4  < 2  UJ 9  Z 4 9  2 4 9 Z 4  9 — 4  < 4  9 Z
2  4  UJ £ ,h  '4 2  4  U} 2 4  4 2  P» 4 2  h- 4 2  h- Q l h 4

2 4  C ’J  3 4  3 4 / • 4 C u; 3 4 3 4
> — x  > »• 2  > hi 2  h h  2 > — X >  — X > — Z > — x

3 4  C U J O  4  — 4  9 4  — UJ 4  — N 4  9 hi o 4 N — 2 4 — — hi 4 X hi '4
9 —2  4  a  A — U. 4  2 ^  — U. 3 2  «*1 — U- A 2  71 — 4 9 — — u. O — u. 9 4 — 4 N. 2
• > C • • > C • • > 0  • • > 3  • • » o • • > 3 0 • > c • « j > C •

N — 5* VI — — S A 9  — 9 A 9 — - 1 / 1 9  — 3 A N A A *1 — — A Ol — — 0J A
N —hi — < 9 4  4 — *M 9  3  — < 714 —hi 01 9 0(2 — — T < «* — — < — — Ol 9 OJ 9 — — 01 9

4  Z - Z  4 2  2  4 2  9  4 2  < 4  Z — 4  Z — 4  Z — * 4  Z
2 3  UJ 2  3 3 'U 3  3 3 U  0 t  3tU 2 ’• 3  4 -1 •1 3  4 *■» — 3 ’i ’ * » 3 "J 2
<  3 4  4  4 0 4  4  2 3 4  4  9 3 4  4  2 3 4 4 — C 4 J 5 3 4 4 9 3  4 4
2 3 2  '4 3 3 2  4 T  2 2 4  < 2 2  '4 3 3 S J z 2 2 * J o . ^  2 J A 3 2 U
4 3 4  —  < 2  4  —  —  0  4  —  2 2 4  —  )£ 2 4 — 9 2 4 — — 2 4 — — 2 >4 —
3 2 2  >  * 2 3  >  * 3 2  >  3 2 2  V  < > • 2 2  * > 2 X  2 > Z 2  2 >
2 <  <  z  r — 9 <
2  Z  2  9  4 2 2 Z

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



I 114

a a a a a a 3
a a a o a a a
• • • • • •

■T * a 0 <*4
'J n * 0 n "■ •m

o a j* 3 S ,
j ob a a •n *>B
3 a >j M n
1 n .'4 a 3 a
> a <r a 3 71 N,

>4 oj .n n - l 0J >»

r| ii il ii i II ■1
VI cn VI VI VI VI VI
u u 'U 44 ■J *4J ‘a
'U UJ u UJ ‘3 UJ UJ

5
x
3 3 a a 3

a

3
,-1 Z a <3 « a a Z a OJ z mrn .•n z n z a z * a
a «S 7» o OJ tm 4) 04 a ~m a z 3» a n
• Z • • z • • Z 4 • z * • z • • z • • z • •

N o am o o V* 3 o ■* O M M O OJ mm o mm 3 n
a a o O 3 s a

■J UJ a BS UJ UJ u u mm
3 a a a a a a
a - j j - j j j a
< < < < < < «
> > > > > > >

<si <u ♦ sb. ♦ 3 4) •C a mrn 3 44 4) .a
fm J o n - j 04 a a a •J < 41 j m *1 - j 04 a n mm

• < • • < • • < • • < • « < • • < • • -< « «
OJ OJ h - sb s *b OJ o 41 04 41 h- 3 n Pm o o

a a G 'U (J a a O Q „T 3 a c 3
w Ob *• w * •

a a o o a -
a

o o a o o « o
3 • e oj • a ♦ • Os a • OJ # fm OJ • a 41 4 >y J*

s 9 <n a •* ♦ 3 N < a * o o a > 3 ♦ 41 a >>
• r • • <T • • • • • • • • • • a « 4

J1 oj sS mm O Ob a os 41 a 41 O a 0 * 0 * a 01 a ■;* a a
3 a V M 0 * n OJ Ol a 41 - f 3 *B •a

« O * bb * * 41 0 1 •B
01 M N S <T

- • — ■* — ■«

>1 il II 11 *1 11
<0 Pm mm z * «• z 04 3 2 0 * 3 Z mm C z a 2 a a
* -a VI Ob a o* u n S o a mrn c m j 04 Q 41 3 0J 3
• SB 4 SB • t SB 4 • • « • • • *B • 4

0 OJ IM ps sb 04 pm 01 • mrn a >- 04 0 * OJ Ob PB fm O'
. j <J 9 u 9 u u o u u a a n

a a a a «• a a a m»
2 a c a o c 3
o u u u u u a

2 z
£ £ a a a £

J •s. 9 OJ *B * • <r 3 3 • r -a 0J a o
•n - i • s o? a «b mm a a -1 -1 n a - j a n - i a BB a ■a n

• < • • < « • < • • < • • < • « » • < • 4
c a 9 o« a J b - o a h* a M k o n ^B o a fm 3 a
X a ■c a a u a U a a c 3 0J

b- b - pm ►- w •* h» *•

a a w a a o 3
o a o o a 3 3

«S • - i sB • 3 *• 4 OJ • !■* •r- # a • 41 OJ • • l 01
O O' n OJ • r 0* < r 4 a 0* 3 «• u l 0» r C* 3 N • n 0J
4 • 4 u» • • 41 • • 3 « • •c • • 3 • O • 4

3 M o a O' o n 41 o O' *r M O' o OJ 41 04 o 3 N 0J
*1 ■T 2 Os o <r a a K o O z a a n

3 a 4 41 3 •• a 3 ■B

ii B4 Pb •1 OJ 11 O SB il 04 OJ il * a il 0J II SB Ob
o < a* 04 < B* < 3 04 < 9 < 3 < SB n < < n4 i j 4 4 •a 4 • a • • a 4 4 a 4 4 a 4 4 a 4 4a z o z a m z o 9 cc o n z o J z 9 bs z 9 SB0! « ■T < ■̂ < S. < Pm < « ■0 < 2OB aBu a u u u 9 u ■j UJ a a a a a■ a a. z ip X X za z a a X X x2 »B .“1 2 9 OJ c 41 9 2 SB o 2 •4 OJ 2 *. V 2 * 0JX 1 2 o •» « z .n a Z ? s K z mm4 u 4 4 U 4 4 u 4 4 u 4 4 u 4 4 a 4 4 u 4 40J 3 T * *J 0 3 0J o OJ •0 OJ <r OJZ S • • 3 b* •• 2 «« 9 *B «• 2 •3 • 4 2 Ul «4 2 • 4 2UJ a Ul o a a a mi a a a a a.f < '3 < •J < •a < 3 < J < a < •aw < pm < Nb < M < pm < bB * b* <2 z 2 z 3 z •B z 2 z 2 21 fm u bB UJ ba a a bB a bB a w uj0J > 4>b 9 > a > 9 > SB 9 > SB ♦0 > SB 9 > s3

f 04 • 4 3 < n •• n < o •• O < O • 4 9 < N • 4 O < 0- • B e < Ob • 4 N* < 9 ̂ 4 *  < 4 • < 4 • Jl< 4 4 n < 4 4 01 < 4 4 OĴ 4 4 C < 4 4
a ?UJ o a B* a uj o a 0J 9 a 9 a Q ♦ a 9 a mrn ol ui o a SB — a 9 a bb b» <XJ 9 a 30b • a < c 4 < 0J 4 BB < 4 B* < 9 *3 < o • c < o 4 z < BB

* < z B < ■* mm vn < 3 -9 < z SB 'G* 2 SB 2 9 < z s4
3 3 2 K 3 s»

a o •B Pm 2 BS s-c BB >CQ SB 9Q mm 9 0 BB c*o ■B
•r bB •a W a kB a bB a Bb a b» a bs

■i a. < '1 z < 3- < II z < it x < X < ■1 z <2 .1 a * <p 3 c 2 a z O 3 a  z 3 'il 1 •.*1 2 a x .1 z .1•o Z 3 3 n 20 Q ♦ Z  3 9 Q SC 9 3 5 0 o a 5 0 • 5 0 •r J14 a z 4 4 u z 4 a 4 U z 4 x 4 O  - 4 X 4 VJ z 4 a 4 a z 4 X 4 a  Z 4 X 4
1 < a o 2 B4 < u o a 9 < u 9 9 < VJ 9 < a o 2 o <  u 9 o 9 <  u 9 2
c 9 9 9 3z a Pm mm s  a Wb x  a Pm x a BB SB 5 a >B 5 a 4b * 5 a Pm SB

i  < 2 z a  < z a < z a  < Z a < 2 a  < 22. >m a X M a Z b- u X b- a x w a X bB a X bs u
3 a 2 u c u 2 u o u 2 a 2 a> *• z >* bB z > — z > bB z > bB z > bB z >bB z7* bB 04 a <r 1- -» a MB bB ♦ a & ha r a o bB 0J a o bB SB a bs OJ a SB

a — 'J. ■a x 5* mm% B| a 9 — a X a — a 9 o -*a a X VI -I t 40 z BB U. c X 94 > G 4 4 > 2 4 4 > 2 4 4 > 3 4 4 > 2 4 4 > 2 4 4 > o 4 40J*- o a ■* ■B ♦ a m ■a 04 VI 0J X SB n VI o SB «B VI J1 ■B vl •r BB o •1 n
ojia W bB < T? bB W BB < o pm Pm Ol < 04 Z bB BB *4 < ■J bB Bs "4 < b* bB as B4 « 3 Bb bs 0J < 9mm 2 u z u z SB a z BB < u z U z n a  z a z SB

< "B aw 2 < a a 2 ’1 T> «U 2 "J a 7 -  u AB mrn 5 a 23U a BB 2 U a mm a o a < c u a 2 a a 2 3U a a X U a << a  z a 7 a a 2  z a 2 2  3 a J 3  5 V < T 5 SB
* t  u «B < z  a mm 3 z  a U a a ■B < z a BB z  a BB X z a M za z  z > > i  z »» X 2. > X  X > 2 z  z >• 2 X  X V bs X X > 3
< a < C a 2 <
a < H X 2 2 * *

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

Pl
U

iU
U

Cf
 

IV
IT

Y
 

PE
N 

A
C

Ii
L-

l 
O

/O
.O

f.
 

TO
TA

L 
CI

UI
PP

EC
 

AH
li 

A- 
S

IM
2

.0
C

 
TC

TA
L 

PM
OO

UC
T 

Ki
lls

 
B

07
6J

A
.S

<i
 

TO
TA

L 
VA

LL
E 

IN 
HU

PE
iiS

 
= 

j
OV 

1J
J 

<tc
>. 

00
p

l
u

c
e

n
i 

uf
 

ii
jT

al
 

c
h

o
p

pe
d

 
a

h
e

a
:



115

o
9
9
-M

99
9
9O3

3
3<>

029
3<>

•.19 <M
CM

9C

02
9
-J

9
n

•a
Ol

9S CM
cm

9

i toi
'3

9
X

Ol9
O
<M

ol
cm

oi
UJ

9

9
-2

II
VI
UJ02
5
X

OJ
9
3

no

oi
3

u9
J
>

A aa tNI 3 9 n j < 9 m i a CM m i CM 3 .1 9 3 9 — 3 9
* < « a < • « < • 9 < « • < • • < • • < • • < •

a aa ha CM m ha CM w 9 mm >m <r k» O r* N» 9 9 pm 9
O a O a o 9 9 Q Q c 9 a 9 a 9 c
— *• *a •* ha- aa ha mm kM k» k- k-

•t 9 O 9 O 9 r S
* O a 9 9 9 9 n

•» « 3 • 1 A • 9 • a a • « fim • a 0 • A A • A
sf kj CM -1 ■9 CM •» aa 9 a ♦ « 'A A 3 mrn mrn * 9 *

• • • • •9 • • 9 • • a • • • • T • • 3 • • VI •
9 9 J n CM CM CM n 9 S 9 0* N CM « n 9 n <* CM n 9 CM ••
9 k* CM 9 mm C» a V 9 5* a 9 ■J* <? 9 9

9 «• M UJ <o CM 0 9 * m
a Jl -i CM o •J1 a 9

IM CM •* ■T • • " •

ll d II •1 It tl it II
• r .■f aa o 2 M a 3T - i a« z to 3 z 3 'C z 0 mrn Z •21

9 J a N a x mm a 9 3 <M 9 a Ml o a r* 3 o Ml
• * • ■a « • aa • • • • • • « • • • M *

9 h» «a n pm (•I O' 'M OJ p» CM k» CM 9 k* 9 9 k» CM .1 k» CM
3 CM u n 3 o 3 CM U Cl U n O CM u

X 9 M 9 mm 9 aa 9 mm 9 mm 9 mm 9 •* 9
a a 9 •3 2 2 C u
a u U (9 a CJ U u

•* d
x X u a a £ a a

!M — ,m CM 9 9 3 9 O CM <r ■T CM 9
j ♦ o -1 O A j aa n -j 01 u N n n m i n a 3 <

• < • • < * 9 < • • * • • < « • < • « • • < •
9 pa CM 9 aa n 9 9 k- 9 o w 9 m k* 9 < k» 9

a c u <M c 9 u <M a CM o o w U
— — ha — “• •• *m >- "* k» ■* k»

a o o a o 9 9 O
9 o o 9 9 9 9 o

mm • 9 • Z •oi • * 9 • <r * »M -1 • CM • M 3 « 3
9 .1 k* a s mm r» M 9 9 CM * O' n 9 CM rt a CM 9 a m CM *r
• CM • « •s 9 • a • • a • • • * 9 • k* « « •1
- 9 a * ♦ 9 mm <0 3 9 3 k«» 9 ?4 9 9 CM 3 9 3 mm 9

*y CM CM .n « .M N CM * -1 O •-1 A ■M fO
-a •1 — 9 9 mm A* •» •• •• •• rm a

£ II *1 1 « il <M
< M 9 < 3 <• u • • im • • 3 •0 z 9 9 z 9 3 z 9
< 3 < <

mm
a u a
3 3 UJ
CL Z a
z S! 9 •* A z mm

< z 9 S 9 a Pm
* u • • •J • » u •

3 II CM 3 ti s* e II ♦ < il M 9 It
O < O < cn m < •a < 3 a* < n
• 3 • • 3 • 9 •J • • 3 • • 3 •

Z 9 3 9 s z 9 9 z 9 3 Z 9
< a < 9 < T < 9 <

u 9 u u 9
3 3 3 3 3
a a 2 & X
a a X X X

O z 9 r 9 <r z A z 2 £ CM 2 <i*
s 2 CM X <o mm a ♦ Z 9 s 9
« <J • • w t 9 3 • « w • • 3 •

'21 •• o * • • aa A •« ♦ • « 9 9 • • if «• 9 ■f«• 3 U mm 3 3 3 3 3 UJ aa 3 'ii — 3 3 — 3
< J < < O < 9 < ■J << *9 «
P» < ha < ha pa < ha < h» < 3
2 2 9 C 9 2j 2 2 c 9* 2
k» UJ ha UJ ha ui ha 3 ka U ha 3 ha

9 n > CM AJ > CM mm > 9 ♦ > aa OJ > S' ■n > aa CM
k* •• n < ♦ •* N. < ♦ • a ♦ fa •« Ml < ka • • O < N • • w < ka • • CM
• 3  < • • •-1< • • 9 < • • o  < • « <*< • 9 9  < a • o  < •

3 01 X* 9 J <r 9 3 9 3 9  3 9 3 3 9  x 9 3 aa S3 X 9 3 9 f*1 uj O 3 «a S' 3 O
9 • j < • r* < mrn • 2 < O 9 mm < 9 • e* < 9 • 9 < o • pa
mm A-< z mm Z -* < Z aa Z aa 7»< 2 •a o  < z ■a CM<

2 <T ? -1 3 a 9 3 9 3 9
9  9 mm 9 9 9  a 3 q aa m e aa 3  C mm 3 0

ii W 3 ta 3 ha 3 ha — Ol ka 3 ha ol
il X < '* X < il <2. < il 5. < d X < it X < il ^

3 i .■ •“ J * "• • 4* z M 3  * <T o '3  X C z 0 3  X M 2 9 iiX *» z J a  \
a *" s M A z o n Z O 9 z  o CM 9 Z O Pa 9 z 5 mm o c  c —
• w 2 • X « 3  z * 3 9 3 9 • O • 3  9 • X • 3 9 a X • •3 2 ♦ X • 3  2 •

k* <  u 9 9 n < u O 2 o <  U 9 3 <M <  3 aa 3 CM < 3 Q — CM <  3 •a 2 CM <  3 9
.•1 ■T CM .1 •n •n
M : j ha aa- x  3 3 aa X 3 ha aa X 3 ka «a S 3 ha ■a 2 3 ha — 2  3

3  < 2 3  < 2 3  < 2 3  < z 3  < 3  < Z •U <
X >- 3 X >> u3 X k- 2 X ha 3 X >- X >- 3 X ha

9 C 2 3 9 3 2 3 c u Q U
>  k» X >ka 2 > ka 2 >  ha 9 > ha c >  ka 2 >  aa
k* k. 3 •a ha X 121 ha hi 'ii ka ha 7* 3 .£ ha 3 3 •a ha 9 3 -f ha S'

a — 3 X a — X 9 X CM — X kk X "1 ** X •21 3 — X 0 x CM — X <n x c» — X 1
• > C • • > 9 • • >  9 • •

2  3
• a > 9 • • >  - • • >  3 •

■a <3 l*> -a mm aa 01 m aa 01 Ml ♦ aa ol a* CM wt n •a 9 9 ■J1
W < a  5 ha aa a» < mm •a to ki < ha ha < r  -i ha ha CM < aa ha ha «f < V  < ha ha

U Z -  * 3  Z mm 3  Z < 3  Z z 3  Z — 1 3  Z Q 3  Z
z 9  3 9 9 9  3 2 n 9  3 2 2 9  3 3 9*3 — z 9  3 x T 9  3
u 9 U 3 9  U 3 2 9 U 3 3 0 3 3 i3 C U 3 2 0 3 3 < 2  3
< 9  Z 3 < 9  Z 9 9 3 < 3 9 9  I J J 3  2 o 0 3  2
3 Z ’3 « z Z 3 9 Z  3 a* 9 5  3 aa < Z U aa ■a 2  X aa • 2  3
Z X X > mm x x V 2 X x > x x > 2 X X >• 3 X X > ha X X
< mm aa «a « < <
•3 X X X a * z

<
Z02><
J<
Z

a* CM
•• 9

9  < •
9 CMUJ 9
9 • *a

n <
A
A Q
-alx;
» X£ J -X *.

21 2  2 aa
• 3  2 •

9 <  3 9

9  3  
- j <  
a  h -

sj — u. o
• > rz ♦9 — jo

u  z
9  X* 
3  3

-  9  2 X

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

YI
 

Ai
> 

P
tH

C
fc

JJ
t 

(JP
 

IM
II

U
N

A
L

 
A

V
E

U
A

uE



116

9 3 3 3 3 3 3
3 3 3 3 3 3 3
• • • • • 4 4

*4 OJ 3 n 04 3 3
N «a 9 3 v 3 ml
N .1 «* a 9 J %•
a * 3 mm 9 fx. P*
,•» N — 3 >• 9 9
9 3 mrn *4 0 mm «•
n mi mm 3 3 a J
•r n a M >• T

M i II tl •1 II II
VI VI •A </) w '9 71
UJ ’U ’J w u U
UJ 14 u U4 UJ UJ UJ
0.
3 3

>m

3 3 3 3 z
3 <r 3 z CM 3 3 3 2 3 3 3 a 0» z 2 O

3 — 3 O 3 3 O CM tn 01 a
• Z • • z • z m z • • 2 « • z 4 4 z 4 4

O o m ■a O 3 *a o -T M 3 n M a m ■* 3 3 M 3 9
.1 «- O 3 «• •m mm a
•a 9 «• UJ a# Ol UJ mrn UJ mm UJ mm UJ M

3 3 3 3 z z Z
9 -J -1 J a J -J

< < < < < <
> > > > > > >

9 en * n Wf* CM •m <2J Ul «T m U’
2 -J m * mi o Jl w J m u < 3 41 J m ■0
• < « 4 < • • < • • < • • < » • < • • < 4 4

•T h- 3 vi ha •» 3 ha 9 tn a n w o 9 W mrn 0* 3 <
V* 3 o c O 3 3 3 3 a 3 a 3 o 9»

h- mm h* — h* •• K "• >•

3 o o 9 3 3 ■y
3 o o a 3 3 S4»
» n N 4 mrn 3 • 3 9 • 3 3 • s . a • n • a n

.1 O 8 A 3 ■* N N * W1 3 w N a mm M o *n 3 •»
• OJ • 4 4 • OJ • • 'A • « •h • • 01 4 4 Ol 4 4

«a f*» mm -J1 CM oi ♦ mm tn <n in Ul a a a 3 r» ■c J4 •T
CM mrn c aa mm 3 mrn mm M 3 CM «• TX n mrn 3
O mrn oi — a* •« a mrn 9 3 mm a —•
»• mm aa a mm Ul *
*• CM 9 CM

■I (1 tl ii II il ii
mm z n w z 1 mm z Pm z ♦ mm Z 9 9 Z 3 9 z c 9
c 3 n JJ u 01 3 a n o n a O u O *4 a v» 3
• • • • « • • • • • 4 4 4

n w o o» pa mrn o» H u n 3 pm a 3 u a « O J*
<*; W CM u M U N w N u n u o u n
aa 3 *■ 3 -a 3 mm 3 •• z mm z mm z mm

3 2 Q O a a 2
a U U U u u U

3 z X z z
a a a a a a a•  i 04 ■N oi CM k 04 CM mm CM •* 3 •4 CM

3 ml oi a -j o 92 mi 3 3 -j /H a j Pm 3 j CM O j P- a• * • • < • a < • • < t • < • 4 < 4 4 < 4 4
pa o «r pm mm < N O 4P 04 ♦ pm 3 <r ►- 3 3 CM *

mm u «• u u «• u mm u •• u O u mm
— •• ha *• h» "• “• •• k — "*

o (J o U 3 u a
o o o o 3 3 3
• 3 oj • C 9 • <r • <M 0J « •* • n 9 4 mm n

.N CM «M .1 C a n 0* .1 a mm m (S, Ul A n 9 04 04« 2 a * «- 4 « • • <0 « « • 4 Ul 4 4 mm 4 4
* O c «n 3 3» CM 3 3 o O N 3 n a* o 9 n 3 01
mm n o -1 «• «*4 CM n Ol -a M ■a 01
mm a •• — * — A •• * a mrn tn mm

«• »•

■cr II a a II 9 M oi o II 9 a II .a 3 II > il 2 9
< OJ * < •41 41 < 04 mrn < N * < N mm < Ml •1 < n Jl

4 u » 4 •1. 4 4 ■9 4 4 'JJ 4 4 UJ 4 • X 4 • x 4 4
Z 3 V C 3 9 o 2 2 3 3 2 3 9 z o N 2 M 9
< X < a 3 « 3 < < <

u u U o U u U
•J UJ UJ UJ X X JJ
4 c. X fa 2 2 2
a a 2 X 2 a X

N 3 OJ X a e 2 2 c Ul 3 2 ha •Jl 2 -a a c 3
cs 3 -t '1 mm X X -J ■* s O 3 Z mm a* Z CM aa z 3 C

« u 4 4 u 4 4 3 4 4 u 4 • u 4 4 u 4 4 u 4 «
N 04 <N. K a* 01 N K 3 n Ml 9 •J! 8 •3
3 «• ■ 4 3 F4 • 4 2 r • 4 C ♦ • 4 3 • • mrn ♦ • 4 mm «! • 4

m i UJ mm z UJ m i UJ mm -1 u m i X aa 9 X 9 X
< •9 < J < 3 « •9 < 9 < 3 < 9
►» < < Pm < ha < pa < Pm < ha <
Q X " 2 2 2 o a 2 Q 2 C 2
4a UJ ha UJ w UJ ha UJ ha X ha X ha *9

> 3 > mm 3 > « >•» > 3 ♦ > 3 <r > a* e > ♦ > Cl
3 «• mm < N •4 < Ul 44 «• < 0* »4 3 < N • 4 aa < Oh • 4 s < 71 • 4 -1 < •T
4 Ol < 4 4 c u « 4 4 *» < 4 4 a  < 4 4 p* < 4 4 • a * 4 4 71 < 4 4

a oi UJ mrn 3  UJ 3 m l mm 3  UJ «• m l 9 9  UJ 01 J 9 9  UJ o 9 aa N X o 9 •4 n i u o 9 9
a • « < 3 4 AV < 3 • a < O 4 a* < o • Z < o 4 < 3 4 a < 3

Z mrn o < Z a < z a4 o<< 2 •a — < Z aa o < •a “  < 2
0 2 3 Z 3 a 3 9 G 3 3 3 2
a a mm 3  C 3  Q 3  O a  o 8 0 a 3 0 •a

‘j W •iJ ha 'i i ha U ha ■u pm — X ha 9 ha
II 2. < •» X < II x < » x < II X < « X < I ' l <

** ' m — 2 a 'JJ 2. •* 2 3 '9  X ma z .1 a 2 9 ij X *1 2 9 2 9 •r 2 3
9 : o 41 a S  Q a 3  0 + a 2  5 Ml O 2 0 Ol 3 z o * O 2  G 01 Jl
4 u  z 4 a. 4 5J 2 4 X 4 9  Z 4 X 4 U  z 4 X 4 9  Z 4 X 4 9  Z 4 x 4 9  2 4 2 4

3 <  0 3 n < U 3 Z h* <  U am a 01 <  u ♦ 3 0J <  U 3 3 01 <  u o 2 CM < U O 3 3
0| •T 01 * -1 01 n OJ

Z  - l Pm mm *  m i aa X  m l ha •a X  m l ha am X  m l ha aa 3  9 >a am X m l ha aa
9  < z 9  < Z U < 2 UJ < z UJ < m |V < 2 u  < 2
a  k UJ X u3 a  w 3 X  ha UJ X h* X X N X X ha 9

3 u >3 u u o u a u o (J c X
*• ►- 2 >  Pm 2 > W s >  ha z >• ha 2 >  ^ z >  ha 2

a w o UJ •m ha 3 ’XI *• ha Pm u ha ha 01 UJ 3 ha 9 X 9 ha Jl X A ha mm X N
9 «- U. 2. tn — u. <M X 01 X 3 01 — X Pa X O - X ■3 2 9 - a x A 2 P i — X o •X 01
4 >  G 4 4 >  3 4 t n >  O 4 4 > o 4 4 >  c 4 4 >  c 4 4 > c 4 •

2* mm VI ■T — •• 3 VI
t  s

♦ VI ■* 9 VI 3  n n ‘A 3  2 aa 3 'Jl 01 • VI «r
V  < W 4* •t < h»W ♦ < ha mm a* < ha W Ol < 3  ** ha ha T a* 3  3 ha W (-• < ma ha w mm «

2 U  z < U z 3 u  z < u  z a 9  Z X u  z m  mm 9  Z z
Z UJ 2 -  UJ 2 Z  il mm 3U J z  *3 2 < 3  X 2 a» 3*9 0 <

Z 3  U J 2 fi o j a a u J < 3  <J J 2 3  U J ml 3  U 9 < O U 9 2
< z  z ml A 2 'JJ 3 z  z ‘XI 2 Z  2 < 3  Z G 2 J 2 ‘a . J
a z  u mm < XUJ •a 2  UJ a 2  x mm 3 z  u mm 3 2 U aa U z x a* •
mm : a > mJ 1  X >. 2 a  x > < X X > z X X > 2 X X > 9 X x >. 2
< < < 2 z < 3 3
o

i

X 3 VI VI VI X *

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

p
ii

u
D

u
c

ri
v

iT
Y

 
(»

u«
 

ac
ii

i.
- 

ur
u.

ot
, 

ni
rA

L
 

c
k

h
i'

p
e

c
 

ah
i:

a=
 

at
i/i

z.
ac

 
tc

ta
i.

 
Fu

co
uc

na
n-

 
t3

io
4

‘<
.3

3 
tc

ta
l 

v
al

u
e 

in 
u

u
'C

ts
- 

jo
.*

v
o

-u
i>

 
l>

lii
IC

l:N
f 

I’lF
 

Iii
TA

L 
C

iid
i'I

M
fO

 
a

.i
e

a
:



117

O 3 a a 3 3 3 3
3 3 3 3 3 3 3 3

• • * 9 9 •
T ,*» 3 T 3 3 M P
M P a 3 a * *1 a
•J ** a* «• •B J 3 30 p to s. mp 3 a 3
3 3 3 a 3 M a

J <f n mrn •P a 3
J <r •m «a 3

J — *" 3 9 <P •M J

II ll il ll ll II •1 1
VI VI VI V) 01 01 VI 01

ui ■J UJ X *JJ a a
u UJ UJ 'JJ UJ UJ a UJ1 • 2. *• * a • x
3 a 3 3 3 3 a 3

to to 2 to CM 2 to 3 2 to z 3 3 S 3 3 2 3 p 2 e"1 «M a P W to O <*1 n O a Pb o CM PJ 9
« z 9 • Z • • Z • • 2 • • Z • « Z • « 2 • • Z •

a m a Q to a n mm O o n •• CM •w O p mm p
to to a mrn mm mrn c*
to UJ «• «J ■» JJ mrn JJ UJ •* UJ m» a u

3 3 3 3 3 3 3
a •J m l a J a a a
P < P < < < < <
> > > > > > > >

J* «• V) p CM Vi «p mm m CM a mm u V) 3
3 -1 a J CM to m l n n J o a o mm a a* «• a P P a
• p « • < • • < • • < • • < • • < • • < • • < •

p to a o to o mm Pm a ♦ to a m pm o 0» Pm ♦ 9 a m O
j 5 9 3 9 a a Q a v» c o 3
to to to t - "* M H •• pm

♦ p 3 3 3
o •• tf* * O a 9 O
• 3 n • -a a • to mm • o • CM CM • n CM * mm • n

O n 3 g p o 25 O a o »>. to 3* tn n * CM p* Pm *» o
• o • t a « • P 9 • 3 • • mm 9 « • « •« • • P •

r t CM K 3» VI * a P to 2 <n PI •n <n CM i*i mrn CM 9 k» 9 9 •m
o a o 3 mm O mrn a MB mm CM O * mm O O N mrn

o to N «• n mm 2 mm <n mrn o mrn O «• m
o P p 3 <M N j» a

m9 N

,1 II ii II II II II it
J z 2 a z Pm p z p a z •9 a z n a 2 mm z P .3 2 mm
to CM o 3 o m a o o a 9 p* a a o a VJ <3 P P 3 a
• mm • • mm • • • • • • « mm « 9 « • •

c pm. CM pm mm mm pm VI c* Pm mm a »» CM VP pm (M n *• «* P h* o
\ J *i o *1 <J .3 a ■* u n u CM U .1 UM D • • 3 •m 3 mm 3 3 3 •• 3 3
3 a O a c a C 3
U u u o u u U U2 Z c» <z 2 2 2 2
a u. a a a a. X a

*• CM fM 3 CM CM P o o CM <• ■p •n P n
-j CM cc m l a 9 m l mm n •j a a m l < m a CM n a pi m a CM

• < • • P • « < 9 9 < • • < ♦ 9 < « • < • 9 < •
<r >- to p to «• P pm « 3 o N pm a n >• mrn .-1 Pm o n >- O

a u mm a O a a o a a a u a a
“* to mm to ** P » *• >- "* >- •* pm

u u o o a o 9 o
o O o o o o O o
• Pm S i • f j mrn • s o • vi •r • *• <r 9 n p • K n • n

♦ 2 CM •n .3 3 O n o 0* mm o a* mrn 3 H mm a 9 CM
• •n • • •1 « • V* • 9 CM • • 0» • « M « • n 9 • P •

o mrn tfl o VI 2 3 a 9 a O n o a 0* o a n o M r» O
.M n CM mm V) P CM r> CM N CM a CM o

a to "1 mm 3 «« J mu O mm h* •» a mmto •m mm

o :i 9 ii CM il sO >0 It •0 9 il o ii •9 P II o ii K
< 3 P p to ml p 9 n < p -n P o n p n to p CM K p 1*1

t X « • a • 9 •a 9 • a « • u • 9 a • « a • • •a •
a 2 mm « 2 O to 2 a <0 2 o o 2 CM •o 2 to to 2 Q 01 2 9

< 9 P 9 P 9 P 9 P 9 p P g P

9 9 U a U 9 U U
U U u a a a Ul UJ
& to X x X !» x x
2 X a x X X x x

2 C 3 9 2 tM 3 3 to 9 3 p O 2 CM 9 3 P to 2 CM 2 2 3
P 2 P S 9 P Z 5» 9 to 9 2 to P Z 9 P 2 n P 2 CM
• U • • u • « u • • 3 • 9 U • * a 9 • a 9 • a •

r* to •a to CM 7* C* 9 CM to VI to N 3
P •• e -i «• <to CM • • -1 •• to P «• 2 p •• 9 P •• 9 P *9

a Ul •m a UJ to a a a a a a to a a to a X to a •JJ
< a p •Jl t '3 < •a p 3 p 9 p J p 3
P- < to < to < to p to P to < to P to <
2 2 3 2 c 0 2 o x 3 2 c 2 3 2

a to UJ to UJ to a to a to a to X to a
.t > a n > N. > to to > to 3 > •n > 0* 9 > P > >#• O p to M to P 9* •• O P to *« 1*1 p to •• p CM »• 9 p N •« CM P Ul • • to p

9 P < • t 3»< • • (Mp • • — P • 9 ^ P « • n  p • • «  P • 9 9  P 9
a a u j o a 3» — UJ a a 9 O UJ a a to cm a 1*1 a to cm a 9 a P p m O a O 9UJ O a to N Uj 9 a
o • 2 < 9 • •» p 9 • to p Q • z p o • z p 9 • z p o • Z p 3 « z p

9 < z 3»P z — < z to IA< z to VI P 2 to O P to to ■n p z **p 2
•n 3 O 3 1 3 V 3 to 2 p 3 9 3 to 2
9  c mm 9  C M N (2 9 0 to 9  C •• *<2 ■■ 3 0 •« 9  2 to

a to a to U to ul to •a to a to u to a to
tl x < X P II X P 'I x P V X P it x P ii x P '1 x P

rj •j X p 2 a a  x *i 2 P ■a x j z P ■a a V z 9 n 3 P a x -J z o a  x to 2 P a  x T 2
3 Z O CM 3 2 0 CM 9 Z 3 9 z  3 p 9 z  a o 9 z  s 9 9 Z 3 n 9 Z 3 to
• a  z • X • a z « X • a  z • X • a  2 • X • a  z • X « a  2 • X • a  z 9 X • a  z • x

a <  u 3 M P<J to 3 P P u o 3 P P u p 3 to p  a to 3 p p  a O 3 M p  a 9 3 P P a 9 to
*4 ■P P

z  a to to z  a to to z a to to z  a to to z  a to to z  a to to 2 a to to z a to
X < 2 a  < z a  p z a  p 2 a  p to X P to a  p 2 a  p z
X H u3 X to •a X to a X to a X to a X to <13 X to X X Pm a

a O a 3 <j 3 a 3 u 3 a 3 a 2 a
>  pm z >  to z >  to z >  P» z to to z to to 2 >  to 2 > to 2

a pm M a to to P a P to CM a to to to a to IP a a to to a to to P a CM to n a
a — X M X •1 — X to m * “ X O X 1*1 to — X to X 9 — ♦I. •n X a - X n X n — X P x CM tou. 9 x
• > c • • > o • • >  2 « • to > o • • >  c • • to >  3 • • > c • • > c •

M O 01 P to m -/I P to CM 01 P  P n ol J> - •0 01 3  p to to 01 p to 9 01 9  -• to J1 01
Pm to P P to to <T P T? to to P p ** y to to to p * 2 to to p p 7t Z to to ■*> p to to p p 9  2 to to P
u  z u z u  z p u  z P a  z 2 a  z a  z < a  z
3 -a O 2 3  *a 9 to 3 3 3  1JJ -1 * 3  a e to 2  U 2 to 3  x 3 T 3  *a 2
3  U a p 2 U a 2 c u a *» 2 0 a z 2 a a to 2 a a 2 2 a a P 2 a a

3 3  2 a r 3  2 ■j P a 3 3  Z a A 3  2 Jm • z a P 2  2 j 2 2  2
a. z  a a 2  u to Z z  uj 2 z  a to a z  a to z z  a to 2 z  a to X Z U
BB X X > X x > S X x to 3 a  x >• j x x >• a X X > a X X > a X x >
a z < 2 p p 3 ••
3 u z 3 z a X z

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



.... ---------- ' "

118

a 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3
« • « • • • • •

3 0 3 J 3 9 9
3 J\ M to 2 >J 9 J
T J to mrn N 0
to 3* n 0 .1 J to
0 3 V to J •4 •J J*
y n to to .1 3 0J J

.y n 3 2 * 3 to
— *1 m 3 3 * 1

II •l ii <1 ll tl II .1
■n ul 3 3 ’41 *3
u Ui UJ UJ UJ 'ml ui
.j UJ Ui Ui UJ UJ Ui u
a 2 a a a a * *
a 3 3 3 3 3 3 3

3 2 04 3 X to 01 a oj X a 3 X oj X o a X a 3 x
Q to 2 Oi to OJ 3 O 3 OJ a a o 9 o
• a • • Z • • z • • Z • • Z • • z • • z • • z •

to to a to to Q •• to 3 m n to to 3 a to o oj to o 2 to o
■J* • i *n 01 3 2 <0 «•

UJ to ui to Ui to UJ to UJ to UJ UJ to -JJ
3 3 3 3 3 3 3 z
mi -J J -1 3 J mJ J
< < < < < < < <
> > 9 > > > > >

2 ■T ■ •I r*» r» HI 12 to 9 U» 9 to 3 01 9
9 -J a * 01 ■r a to * -J O HI 3 3 d» 2 m J 9
• < • • < • • < • • < t • « • • < • • < « • < 4

9 to o in to o m to to Ul to o to w O to *• to 3 to 9 to o
o C a c o a o a O a O a M (3 0J Q
— to — to ** to — to — to "• »■ *• — to

O O 3 3 O O
3 V* a O O O O Q

to • 3 ■n • <r A • •n to • to 2 • to 04 • 2 to • to 2 « 2
N to 2 * to CM to 3 to a 41 to 9 e to 9 to to to to to to 0

a • 3 • r • • to • • 3 • • 2 • • '41 « • «
to •41 © CM CM a a Ul 9 41 •T a ♦ 3 3 Q 3 9 04 <0 to 04 9 to
mm to J CM i* o Ul 3 ♦ O ♦ to a UJ 2 to to 2
mm .1 Oi to 3 to to to to 04 to to

OJ ♦ 9 3 0J 04
— — — ♦ 2 —

il il il II II II II It
2 o Z to ♦ z to 3 z 2 to Z to to Z s 9 z a to Z 9

2 a O 3 3 3 m a Ul O a CJ» 3 a UJ 3 o a to a to 9 x in
• M • * • • • • •• • • * • • • m « • to «

M |to a © to to to to a to O 2 to o to 04 a to l\l 2 to o
to 9 a U n W n u 01 U <0 u o U 01 U
to 3 to 3 to 3 to 3 to 3 •• 3 to 3 to 3

2 to a O 3 a x a
U U GJ U U u u a

a
a a a a a a a a

“I •  * *4 2 oj to 3 01 2 © <0 a 3 *
n -i a 3 9 to 3 -j to to to a j oj 3 j to o ml 3 > 9 Q

• < • « < • • < » • < « • < • • * • • < • « < •
j to o * to Q to o to to 3 <r to o Q to O 04 to 2 N to O
rj u U to U ri (J to U Oi Q 2 u 0) U
— — to — to — to - to "• to — to •* to

a O O O O O 9 O
o O a O a Q O o
• to n • to c « 3 3 « O 3 • to • to • '4* a » *

A M a d <41 o 01 OJ to 2 2 to to ■« 9 2 o 3 3 to 3 o
• a • 9 « • 3 • • m • • o i • • n • 3 • « to 4

9 to a to to 3 0 to o •T o O 3 2 a 2 e a 9 9 * 3 9
9 oj 0 3 to •41 to to to to 3 3 a

to a to to — o — * “* a a to

u «y 11 OJ to II 3 9 II 9 II 2 to n a ii 2 ii
04 < a * < <\J < 9 < Oi < 2 to « 2 a < «*4 O < O

• • • 'I* • • W • * ui • • UJ • « UJ « • - i • • u •
a 2 o x o to 2 O 2 X c 3 2 O *0 2E O 2 •X O 3 x 9
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66.06 MO. 13 1 2 7 . 1 3  7 6 . 7 /  1 0 6 . 7 9 6 2 .  8 9

4 2 . 2 6  4 . 1 0  0 . 3 b  3 7 . 1 1

Y1 E L 0  AS PERCENT OF NATIONAL AVERAGE:

3 7 . 1 6  4 . 6 4  0 . 8 1  4 5 . 5 6

Y I E L D  AS P E R C E N T  OF  N A T I O N A L  A V E R A G E :

1 2 0 . 5 6 9 2 . 7 1 1 0 5 . 2 9 8 4 . 3 4 1 1 3 . 0 9

PR ODUCT I VI T Y PER ACHE* 5 9 6 . 6 5  TOTAL CROPPEC AREAS
p e r c e n t  o f  t o t a l  c r o p p e d  a r e a :

1 2 . 6 4  0 . 2 1  0 . 2 5  4 3 . 5 8  1 . 6 5

Y I E L D  AS PERCENT UF NAT1UNAL AVERAGE:

7 5 . 5 0  0 6 .  1 1 1 1 1 . 8 0  7 2 . 9 3  8 1 . 7 5
M IR 2A P U I!

PR ODUCT I VI T Y P E R  ACHEs  7 0 2 . 5 2  TOTAL CROPPEC AREAs
PERCENT OF TOTAL CROPPED AREA:

2 7 . 1 2  I . 6 0  1 . 9 6  S 4 . 8 5  0 . 0 5

Y I E L D  AS PERCENT UF NATIUNAL AVERAGE:

6 6 . 0 6  1 1 4 . 0 4  1 0 4 . 2 5  8 4 . 4 5  1 0 0 . 9 9
G O PA LPU R

PR ODUCT I VI T Y PER ACRE= 5 4 4 . 7 3  TOTAL CROPPEC AREAs
PERCENT OF TOTAL CROPPED AREA:

2 3 . 6 0  4 . 6 2  2 . 3 1  4 6 . 5 0  0 . 3 0

Y I E L D  AS PERCENT UF NAT| URAL AVERAGE:

6 6 . 0 6  9 7 . 6 1  1 0 |  •  71 8 0 . 6 1  8 1 . 7 5
h a q h u p u r

P R O D U CT I V I T Y  PER A C R E s  6 6 0 . 7 9  TOTAL CROPPEC AREA*
PERCENT OF TOTAL CROPPED AREA:

6 0 . 1 0  9 . 3 6  1 . 7 8  . 4 . 3 3  0 . 0 9

Y I E L D  AS PERCENT UF NATIONAL AVERAGE:

5 6 . 6 2  1 4 3 . 5 5  1 5 2 . 5 6  7 2 . 9 3  8 1 . 7 5
K O T U A L I

PR ODUCT I VI T Y PER A CRE s  7 1 5 . 3 4  TOTAL CROP PEC AREA*
PERCENT OF TOTAL CROPPED AREA:

1 0 6 3 2 1 . 0 0  TCTAL PRODUCTIONS 1 1 4 7 6 4 4 . 0 0  TOTAL VALUE I N HUP EE S s  j 7 l . j o j 4 4 . 0 0

0.2U

6 1 1 .7 6

5 . 7 0

1 0 3 . 3 4

1 . 7 9

t o e . 16

1 3 . 4 7

1 0 5 . 2 9

0 . 2 8 0 . 1 6

S 4 . 8 4  1 1 3 . 0 9

1 3 0 5 4 3 . 0 0  TCTAL P HCOUCT l CNs  1 9 7 4 7 2 9 . 0 0  TOTAL VALUE IN HUP E E S s  5 4 9 1 5 6 0 0 . 0 0

0 . 1 5 2 . 5 5

5 8 . 1 8  1 0 3 . 3 4

1 . 4 9

9 2 . 7 1

8.68

I I 1 . 2 8

1.00 0 . 4 8

S 4 . S S  | 0 0 . 5 2

1 0 9 5 7 9 . 0 0  TCTAL PRODUCTIONS 1 3 9 2 9 0 6 . 0 0  TOTAL VALUE IN R U P E E S s  4 4 0 8 0 0 6 4 . 0 0

0 . 4 7

8 9 . 9 2

2 . 9 7 1 . 8 3

9 1 . 8 6  1 0 8 , 1 6

1 6 . 6 3

9 4 .  | 6

0. 46 0 . 2 4

8 7 . 9 6

8 1 9 2 6 . 0 0  TCTAL PRCOUC T t QNs  8 2 6 2 3 0 . 2 5  TOTAL VALUE I N R U P E E S s  3 1 1 1 2 0 1 6 .0 0

0 . 5 5

5 5 . 0 1

1 . 5 9

I 1 4 . 8 2

6 . 6 2 1 5 . 2 7

9 2 . 7 1  ( 0 0 . 1 5

0.0

0,0

0 . 2 4

1 0 0 . 5 2

1 1 3 6 9 3 . 0 0  TOTAL PRCOUCTI ONs  1 2 6 4 1 7 7 . 0 0  TOTAL yALUE IN R u P £ £ S =  4 £ 1j 9J I 2 . 0 0

0 . 0 6

6 0 . 0 6 1 1 4 . U4 1 0 4 . 2 5  8 4 . 4 5  6 7 . 3 2
MUKTAGACHA

P R ODUCT I VI T Y PER ACRE= 6 7 7 . 2 5  TOTAL CROPPED A R E A s
PERCENT OF IUTAL CROPPED AREA;

1 8 . 7 6  3 . 4 5  0 . 0 4  4 4 . 5 3  0 . 0 6

Y I E L D  AS PERCENT OF NATIUNAL AVERAGE:

5 6 . 6 2  | 0 3 . 3 5  9 6 . 6 2  8 4 . 4 5  6 7 . 3 2
FULOAKI A

PR ODUCT I VI T Y PER A C H E s  7 6 1 . 2 2  TOTAL CROPPED A R E A s
p e r c e n t  o f  t u i a l  c r o p p e d  a r e a :

1 5 . 2 1  5 . 8 6  0 . 7 7  4 3 . 3 5  0 . 1 7

YI E LD AS PERCENT OF NATIUNAL AVERAGE:

6 6 . 0 6  1 0 9 . 0 9  1 0 1 . 7 1  8 0 . 6 1  6 7 . 3 2
T R I S I I A L

P RODUCTI VI TY PER ACREs  7 1 4 . 5 9  TOTAL CRUPPEC AHLAs
PERCENT OF TOTAL CROPPED AREA!

0 . 3 4

6 8 . 7 6

3 . 2 1

1 4 5 . 8 2

1 . 2 4

7 7 . 2 6

I 0 . 9 6

8 5 . 6 0

0 . 2 7 0. |0

( 0 3 . 3 2  ( 0 0 . 5 2

1 1 9 4 6 1 . 0 0  TCTAL PRODUCTIONS | | 8 7 9 1 7 . 0 0  T ° T AL yALUE IN H UP E E S s  4 3 7 3 2 2 8 8 . 0 0

0 . 3 9

6 3 . 4 7

0 . 5 4

I 14 . 8 2

1 . 2 8

7 7 . 2 6

1 0 . 8 5

1 1 9 . 8 4

O.Of

8 5 .  4 C

0 . 0 5

8 7 , 9 6

1 2 5 0 9 2 . 0 0  TOTAL PRODUCTIONS 1 9 8 5 7 9 9 . 0 0  TOTAL VALUE IN R U P E E S s  5 0 6 5 0 j 9 2 . 0 0

0 . Id

6 5 . 5 9

0 . 9 6

1 3 2 . 0 4

1 . 3 3

9 2 . 7 1

1 0 . 8 7

1 1 7 . 2 7

I. 12 0 . 1 6

1 0 5 , 4 3  1 1 3 . 0 9

9 7 2 7 4 . 0 0  TCTAL PRODUCTIONS 1 0 6 9 2 3 4 . 0 0  TOTAL VALUE IN H UP E E S s  3 d o | 7 0 2 4 . 0 0

0 . 0 8 0 . 5  I 0.68 1 . 5 7 8 . 7 9 0. 12 0 . 0 9
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7 5 . 5 0  1 0 9 . 0 9 '  1 0 6 . 7 9  7 o . 7 7  o 7 . 3 2
U H A L U K A

p r o d u c t i v i t y  p e n  a c h l s  6 0 0 .2 3  t o t a l  c h u p p c c  a r e a s  
p e r c e n i  o f  t o t a l  c r o p p e d  a r e a :

2 9 . 0 3  1 1 . 7 1  2 . 9 1  3 7 . 6 3  0 . 0 2

Y I E L D  AS  P E R C E N T  OF  N A T I O N A L  A V E R A G E :

3 6 . 6 2  1 0 9 . 0 9  1 0 1 . 7 1  7 2 . 9 3  6 7 . 3 2
GAF F ARGAON

PRODUCT I V 1 I V  P E R  A C R E -  0 1 6 . 3 6  TO T A L  C R U P P E C  A H F.A s
p e r c e n t  o f  t o t a l  c r o p p e d  a r e a :

3 4 . 4 0  7 • 4 6  4 . 6 U  3 6 . A o  0 . 0 3

V I E L I )  AS  P E R C E N T  OF  N A T I O N A L  A V E R A G E :

6 6 . 6 2  1 1 4 . 8 4  1 0 4 . 2 6  0 4 . 4 6  6 7 . 3 2
N A N O A I L

p r o d u c t i v i t y  p e r  a c r e s  0 7 5 . 2 0  t o t a l  c r o p p e d  a r e a s
PERCENT OF TOTAL CROPPED AREA:

3 0 . 0 0  6 . 6 0  0 . 7 5  3 0 . 0 4  0 . 1 7

Y I E L D  AS P E R C E N T  UF  N A T I U N A L  A V E R A G E :

6 6 . 0 6  1 1 4 . 0 4  9 9 . 1 6  0 4 . 4 5  6 7 . 3 2
I  Sl IU ARGUN J

PR ODUC T I VI T Y PER ACREs  6 9 0 . 2 0  TOTAL CROPPEC AREAs
PERCENT OF TOTAL CROPPED AREA:

3 3 . 0 7  3 . 0 0  0 . 1 0  4 9 . 9 7  0 . 1 3

Y I E L D  A S  P E R C E N T  0 F  N A T I O N A L  A V E R A G E :

4 7 . 1 9  1 0 9 . 0 9  9 6 . 6 2  0 4 . 4 5  6 7 . 3 2
G O U R I P U R

P H U R U C r lV l I V  PER ACRES 6 6 5 . 7 1  TOTAL CROPPEC AREAs
P E R C E N T  OF TOTAL CROPPED AREA:

2 0 . 3 6  2 . 9 7  0 . 0 9  5 2 . 3 0  0 . 0 6

Y I E L D  AS P E R C E N T  OF  N A T I U N A L  A V E R A G E :

5 6 . 6 2  1 1 4 . 0 4  1 0 6 . 7 9  0 0 . 2 0  6 7 . 3 2
P HU L P U R

P R O D U C T I V I I Y  P E R  A C R E s  6 7 6 . 0 4  T O T A L  C R O P P E C  A R E A s
P E R C E N T  OF  TOTAL C R O P P E D  A R E A !

1 2 . 6 2  2 . 6 3  1 . 0 5  5 2 . 1 2  0 . 0 9

Y I E L U  AS P E R C E N T  OF N A T I U N A L  A V E R A G E :

£ 6 . 0 6  1 0 9 . 0 9  1 0 1 . 7 1  0 4 . 4 5  6 7 . 3 2
i i a l u a G i i a T

P R O D U C T I V I T Y  P E R  A C H E s  7 0 6 . 2 0  TO T A L  C R U P P E C  A R E A s
P E R C E N T  O F  TOTAL C R O P P E D  A R E A :

3 3 . 4 7  5 . 7 3  2 . 3 2  5 2 . 7 9  0 . 0 3

Y I E L D  A S  P E R C E N T  UF  N A T I O N A L  A V E R A G E :

6 6 . 6 2  1 1 4 . 0 4  1 0 1 . 7 1  0 4 . 4 5  6 7 . 3 2
J A H A L P U R

P R O D U C T I V I T Y  P E R  A C R E s  6 9 5 . 2 1  TOTAL C R O P P E C  A R E A s
P ER C E N T  OF  TOTAL C R O P P E D  A R E A :

1 1 . 3 0  2 . 9 0  1 . 0 9  4 5 . 3 0  0 . 2 |

Y I E L D  AS P E H C E N T  OF  N A T I O N A L  A V E R A G E :

r . U . 7 r .  1 2 0 . 5 6  9 2 . 7 1  1 1 7 . 2 7  9 3 . 0 3  1 1 3 . 0 9

9 5 6 6 1 . 0 0  T C 1 A L  P R O D U C T I O N S  1 0 2 7 6 9 9 . 9 4  TOTAL VALUE | N  R U P E E S s  3 u 7 9 o u O u . O Q

0 . 1 3  0 . 6 4  3 . 0 3  1 4 . 0 2  0 . 0 4  0 . 0 5

5 5 . 0 1  1 3 2 . 0 4  7 7 . 2 o  1 0 0 . 1 5  9 0 . 6 7  1 0 0 . 5 2

1 3 2 4 6 1 . OC T C T A L  P H C D U C I I G N s  1 9 1 9 7 0 0 . 0 0  TU T A L  VALUE I N  H U P £ E S =  6 C u 7 6 2  7 2 . 0 0

1 . 0 9  1 . 4 5  0 . 7 0  1 3 . 0 0  0 . 5 1  0 . 1 4

7 4 . 0 5  1 3 7 . 7 9  9 2 . 7 1  1 1 3 . 0 5  9 4 . 0 9  1 1 3 . 0 9

9 4 5 2 9 . 0 0  T C T A L  P R C O U C T I O N s  1 1 8 6 1 9 0 . 0 0  TOTAL VALUE I N  R U P E E S s  3 7 1 1 2 5 4 4 . 0 0

0 . 5 3  2 . 4 5  0 . 0 5  1 1 . 9 6  0 . 5 C  0 . 0 7

6 3 . 4 7  | 3 7 . 7 9  1 0 8 . 1 6  0 3 . 0 3  9 4 * 0 9  1 1 3 . 0 9

9 7 4 3 0 . 0 0  T C T A L  P R C O U C T I O N s  1 2 5 0 7 6 0 . 0 0  TO T A L  VALUE I N  R U P E E S s  3 1 7 0 1 t i 0 u . Q O

1 . 5 7  0 , 7 0  0 . 7 3  8 . | 3  0 , 5 1  0 . 4 1

6 0 . 7 6  1 2 6 . 3 0  | 0 8 . | 6  1 1 7 . 2 7  | 0 S , 4 3  1 2 5 . 6 5

1 0 5 7 8 9 . 0 0  T O T A L  P R C O U C T I O N s  1 3 0 1 9 6 7 . 0 0  TO T A L  VALUE I N  H U P E E S s  4 1 6 7 1 2 6 4 . 0 0

0 . 8 7  0 . 2 4  0 . 4 0  1 3 . 7 4  0 . 5 7  0 . 2 4

6 0 . 7 6  1 1 4 . 0 2  9 2 . 7 1  0 5 . 6 0  7 1 . 6 4  1 1 3 . 0 9

1 9 3 1 5 5 . 0 0  T O T A L  P R G D U C T I G N s  2 1 0 6 1 2 9 . 0 0  TOTAL VALUE | N  R U P E E S s  / C 4 S 3 1 U 4 . 0 0

0 . 7 7  0 . 9 4  1 . 5 5  7 . 7 1  0 . 2 6  0 . 2 6

5 2 . 0 9  9 1 . 0 6  1 0 8 . 1 6  e 3 . 0 3  8 4 . 3 4  1 1 3 . 0 9

1 2 0 4 6 0 . 0 0  T C T A L  P R C D U C I I O N s  1 4 1 0 5 6 0 . 0 0  TO T A L  VALUE I N  R U P E E S s  5 3 0 5 7 5 0 4 . 0 0

0 . 3 0  0 . 3 6  0 . 5 5  4 . 3 1  0 . 0 9  0 . 0 5

7 4 . 0 5  1 3 7 . 7 9  9 2 . 7 1  1 0 5 . 2 9  0 ( i | £  1 2 5 . 6 5

1 7 0 0 2 2 . 0 0  T C T AL  P R C O U C T I O N s  2 6 4 0 9 7 1 . 0 0  TO T A L  VALUE I N R U P E E S s  6 7 1 5 9 3 2 a . 0 0

0 . 3 1  1 . 3 3  Q . 3 0  1 5 . 0 5  l . | 8  0 . 1 5
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9 3 n 3 aw 9 3 ri 3aa • mm < 9 • mm <ŵ 3  < Z mm 0- -< Z9 3 9 29 0 a* a o3 3 3 Ow
it a < ii a <
3 a 3 z n u  a 0 za 2 3 O' n 2 0 ri

• U 2 • 3 • U S « 3
<  0 o 3 n < u CM 3—■ 9mrn 2 3 3 aa 2  3 3
3  < z 3  < za  3 3 a  3 UJ3 U 2 u3 3 55 >* r- 5CM 3 CM 3 J 3 * 9•w — 3 9 a Ul — 3 aa > c • • 2 > o •CM Pm VI — < a# VI«•* 3  Wa CV « ■r w ■w w <wa 2 U  z -W o u  z

“2 3 3 S < 2 3z S U 3 Q S U 3U 3 2 3 C 3aw S 3 BW 5 <z UJ aw
2 a s > a a >•
3 z
3 u

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



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

1 2 2 . 6 4  1 0 9 . 0 )  OB.  9 9  4 2 . 1 2  4 o . I B
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PR UUUCT I VI T Y PER ACHE— 9 4 6 . 2 4  TOTAL CRUPPEC AREA*
p e r c e n t  o f  t o t a l  c r o p p e o  a r e a s

2 7 . 4 6  0 . 6 4  | . 6 I  6 5 . 2 4  0 .  IB

Y IE L D  AS P E R C E N T  O F N A T IU N A L  A V E R A G E ;

1 4 1 . 5 6  1 1 4 . B4 4 6 . 6 2  1 0 7 . 4 u  1 2 5 . 0 J
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PlHlOUCT IV1T V PER ACHE-  9 0 8 . 9 5  TOTAL CHOPPEC AREA*
PERCENT OF TOTAL CROPPEO AREAS
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YIELD AS PERCENT OF NATIONAL AVERAGES

I 7 2 . 1 2  1 0 3 . 3 5  0 8 . 9 9  1 0 7 . 4 0  1 0 5 . 7 9
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P R O D U C T I v l T Y  PER ACHE-  9 5 4 . 0 1  TOTAL CROPPEC AHEA=
PERCENT OF TOTAL CROPPEO AREAS

J 7 . 7 5  4 . 4 7  1 . 9 7  4 4 . 5 2  0 . 7 1

YI E LD AS PERCENT OF NATIONAL AVERAGES

1 4 1 . 5 6  9 7 . 6 1  9 6 . 6 2  1 1 5 . 1 5  | 3 4 . 6 5
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MATL40 QATAR

P R ODUCT I VI T Y PER A C R E - 1 0 4 9 . 4 5  TOTAL CROPPEC AREA-
PERCENT OF TOTAL CROPPEO AREAS

2 5 . 7 0  3 . 0 9  3 . 0 0  4 7 . 4 0  0 . 2 0

YI E LO AS PERCENT OF NATIONAL AVERAGES

1 4 1 . 5 6  1 0 3 . 3 5  9 4 . 0 0  1 0 5 . 1 7  1 7 3 . 1 2
H A J I G A N J

P R ODUCT I VI T Y PEN ACRE -  9 6 6 . 6 1  TOTAL CROPPED AREA-
PERCENT OF TOTAL CROPPEO AREAS

2 6 . 2 7  3 . 1 7  S . 3 0  5 3 . 9 9  0 . 2 7

YI E LD AS PERCENT OF NATIONAL AVERAGES

1 1 2 . 1 2  1 1 4 . 0 4  1 0 1 . 7 1  1 0 7 . 4 0  1 5 3 . BO
K A C h u a
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1 2 4 . S 7  1 1 4 .  U4 7 3 . 7 4  1 2 2 . OJ  0 . 0
CHANDKAGIIONA
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i QAGHA 1CHITAR II

PRi lOUCI  I V I T Y  PER ACRE- 2  0 0 0 . 6 9  TOTAL CROPPEC AREA-
P E RC E n I O f  TOTAL CHOPPED AREAS

1 2 . 0 1  2 4 . 6 0  1 0 . 4 4  1 9 . 4 3  0 . 0 1

Y I E L D  AS PERCENT O f  NATIONAL AVERAGE:

1 2 2 . 6 9  1 2 6 . 3 2  9 6 . 6 2  1 3 0 . 1 0  9 6 . 1 0
! l a n g a d u

! PRI10UCTIV1 I T  PEH ACRE-1  S O I . 9 4  TOTAL CROPPEC AREA=
! PERCENT U f  TOTAL CROPPED AREAS

2 7 . 4 1  5 1 .  19  1 6 . 3 4  2 . 7 0  0 . 0
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2 . 2 4  0 . 1 9  1 . 1 4  0 . 5 9  0 . 4 6  0 . 0

1 5 0 . 6 0  9 | . 0 6  | 0 e . t 6  1 1 2 . 1 3  1 1 1 . 7 6  0 . 0

4 7 4 3 . 0 0  TCTAL P R C0UCT 1CN= 1 0 5 5 3 0 . 0 0  TOTAL VALUE I N R UPEE S*  4 0 4 7 u 7 l . 0 0

1 . 1 6  0 . 0  0 . 7 4  0 . 1 7  0 . 0 2  0 . 2 7

1 0 4 . 7 3  0 . 0  1 3 9 . 0 6  | 0 7 . 0 0  £ 4 . 3 4  1 1 3 . 0 9

2 0 9 7 5 . 0 0  TC J AL  PRODUCTION* 4 0 5 7 5 0 . 5 6  TOTAL VALUE I N R U P E E S -  I O O I 6 7 U U . 0 0

0 . 2 6  0 . 4 2  | 4 . S 6  0 . 1 1  0 . 3 |  0 . 6 2

1 0 5 . 7 0  | 3 7 . 7 9  1 3 9 . 0 6  2 9 . 1 0  1 1 1 . 7 6  1 5 0 . 7U
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1 7 1 5 5 . OC TOTAL PRODUCTION* 3 7 d 7 7 0 . 1 9  TOTAL VALUE I N RUPEES= 1 4 2 2 9 U 0 2 . 0 0

0 . 2 4  0 . | 0  3 . 5 0  0 . 2 9  0 . 3 0  0 . 4 3

1 0 5 . 7 0  0 0 . 3 7  1 2 3 . 6 1  4 9 . 6 5  7 3 . 0 0  1 0 0 . 5 2

2 7 6 0 5 . 0 0  TOTAL PHCOUCTIQN* 4 9 3 0 7 0 . 0 0  TOTAL VALUE I N RUPEE S*  1 L U 7 J U 4 0 . 0 0

0 . 2 5  0 . 0  0 . 7 1  0 . 0  O.4 7  0 . 7 2
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Appcndlx-B
Monthly Average Wholesale Prices of Selected Crops in Bangladesh 
> (1969-70)

(In Rupees )

Month Rice1 Wheat2 Jute
5Sugar­cane BuISaird Tobacco Potato Pulses

July 40.19 23.00 26.69 3.00 47.44 138.75 28.75 21.48
AQgust 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 25123
February 35.69 23.00 31.10 3.00 45.33 127.50 11.28 24.07
March 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 - 112.50 - -

June - 23.00 33.16 3.00 - - - -

Annual Average 39.16 23.00 30.91 3.00 51.35 128.90 23.67 23.91

1. Average wholesale price of four selected rice(coarse).
2. Wheat monthly price v/as not available, 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 J Wholesale Price Series of important Farm Products in East Pakistan;

Agricultural Marketing Directorate, Dept, of Agr., Govt, of 15. Pak., 
and Bangladesh Agriculture in Statistics; Ministry of Agriculture,
Govt, of Bangladesh.
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APPETTDIX - C

Cropping Intensity Index for 411 thanas of Bangladesh
(1969-70)

The ratio of gross cropped area to
net cropped area
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APPENDIX -  D

Percent production of selected crops by value
1IIAJIA AUG IHJUtl II.MI iJURo W i l l * .  AT i f t l l / i T u PUL SITS MLSTARO JUTE SUGARCANE TUQACCO

KQTWALI 1 7 . 6 2 o . o t 0 .  JO 5 3 . 0 0 0 .1 :9 1 5 . 5 7 0 . 2 9 2.«*2 2 .  13 4 . 1 4 2 .5 U

UIROL 2 5 . 4 5 0 . 4 4 0 . 4 2 56  . 4 0 0 . 1 2 < » .0 | 0 .  J  J 3 . 1 6 0 . 7 0 « . . / / 0 . 1 0

UUCHAGONJ 17# 28 0 . 0 6 0 . 1 6 34 . 5 9 0 . 0 1 1 . 1 2 0 . 1 6 1 . 5 5 0 .  J / 4 4 . 4 9 0 . 0 1

KAHAROLE | 2 # 6 9 0 . 0 4 0 . 0 1 6 7 . 0 0 0 . 0 4 1 *70 0 . 4 0 1 . 1 4 1 . 3 9 1 4 .  7o o .  1 7

tJKRGUHJ 1 7 . 3 4 0 . 4  7 1 . 0 4 4 6 . 7 1 o . a a 3 . 3 9 0 . 0 0 0 . 4  0 6 . 0 3 1 i . V I 1 • 02

KtMNStlAHA 2 4 . 6 6 0 . 0 1 O . t  3 61 . 5 7 O . 19 4 . 0 1 0 . 4 4 2 . 9  0 4 *1*4 I -1  u O. 35

c h i k i h u a n o e h 4 2 . 0 7 0 . 0 J . H 7 4 4 . 2 6 0 . 3 2 2 . 9 1 0 . 2 9 0 , 3 2 2 , 3 6 J . j b 0 . 2 6

PARBATIPUR 2 4 . 3 0 0 . 0 5 1 . 2 3 5 2 . 7 2 0 . 2 7 IK . 3 2 0 . 1 7 0 . H 5 0 .U 7 tt.Oo 0 . 0 0

PlIULB Art 1 2 2 . 6 6 0 . 4 3 2 . 4 7 6 6 . 5 5 0 . 0 0 3 . 7 5 0 . 1 6 1 . 7 5 0 . 3 4 1 .  7o 0 . 0 4

n a u a u g u n j 2 0 . 7 3 2 . 2 9 2 . 0 4 4 9 .  10 0 . 0 6 1 . 3 5 0 . 9 2 6 . 0 3 o . u o 1 5 . 6 9 0 . 2 2

ItAKIMPUR 4 . 0 4 0 . 5 0 0 . 4 5 91 . 2 9 o . o i 0 . 5 2 0 . 2 5 0 . 4  I 0 . 7 1 1 . 6 3 u . l l i

GHORAGIIAT 1 7 .4 U 0 . 1 3 0 . 9 7 6 9 . 6 5 0 . 0 3 3 . 0 0 0 . 1  1 3 . 2 5 0 . 0 3 4 . 3 4 O. 1 3

t h a k u r Ga d n 4 7 . 1 4 0 . 0 7 0 . 0 9 2 9 . 9 0 0 . 3 6 6 . 7 9 0 . 1 0 2 . 0 3 2 . 6 1 9 . 7 1 0 . 4 0

PIRGUNJ 2 7 . 4 0 0 . 0 7 l . 9 | 3 5 . 5 4 0.  t  1 2 . 2 7 0 . 3 0 2 . 6 2 3 . 4 6 2 6 . 1 1 u .  13

HAIUPUR 2 2 . 3 2 0 , 6 5 0 . 1 7 7 0 . 3 3 0 . 1 9 1 . 0 3 1 . 0 7 3 . 1 5 O . l d O . o l u . l l

RANISANKA IL 2 4 . 9 3 0 . 1 6 0 . 7 0 66.00 0 . 5 9 0 . 0 9 0.10 3 . 6 1 0 . 4 3 1 . 5 6 0 . 0 7

QAEIAOAn G I 2 5 . 4 7 0.0 0 . 0 5 6 0 , 9 0 0 . 7 6 1 *63 0 . 0 6 1 . 0 6 1 , 3 7 7 . 4  9 0 . 3 3

AlWArtl 1 2 . 4 0 0 . 0 6 1 . 1 6 71 . 2 5 0 . 6 7 2 . 2 6 0 . 0 7 0 . 0 5 5 . 2 1 5 . 9 3 0 . 0 6

TE1UL1A 2 1 . 2 6 0.0 0.0 6 3 . 7 9 0.01 2 . 6 2 0 . 0 2 1 . 1 9 4 . 6 1 6 . 1 5 o .  35

PANCltAGArtll 1 3 . 1 9 0 . 0 1 0 . 2 0 7 6 . 7 5 0. 0 | 3 . 0 0 0 . 1 3 O . l i O 0 . 3 0 4 . 5 3 0.20
UOOA 2 1 . 5 4 0.0 0.00 5 2 . 0 4 0 . 0 2 $ 3 . 3 4 0 . 3 1 1 . 4 6 4 . 2 7 o .  7 9 0 . 2 4

UElllGQMJ 2 7 . 7 6  ' 0 . 2 4 0 . 2 3 61 . 0 7 0 . 0 7 4 . 3 0 0 . 2 0 1 . 3 3 2 . 1 5 0 . 0 3 1 . 6 6

KOftfALl 2 J . 1 5 0. U 1 2 . 3 3 4 6 . 9 1 0 . 1 7 1 2 . 7 3 0 . 2  7 6 . 1  0 6.119 0 . 9 1 I . 6 6

KAWNIA 2 3 . 6 9 0 . 6 3 1 . 5 6 44  .3 4 0 . 2 5 2 . 0 5 0 . 1 9 1 . 5 7 2 . 6 4 1 . 2 0 21 . 0 9

g a n Ga O i a r a 2 7 . 5 0 0 . 3 0 1 . 2 6 5 0 . 5 3 0 . 1  1 4 . 3 0 0 . 2 0 1 . 2 0 5 . 4 4 0 . 5 0 0 . 4  9

MITHAPUKUR 2 5 . 9 5 0 . 2 1 2 . 2 6 4 0 .  15 0 . 2 6 6 . 3 7 0 . 9 4 3 . 0 5 7 . 3 3 5 . 3 6 0 . 1 3

p i r g u n j 1 0 . 6 5 1 . 5 9 1 . 2 5 5 6 .  10 0 . 0 5 0 . 7 6 0 . 4 5 1 . 6 6 4 .UO O . 9 0 0 . 3 4

P1RGACHA 3 1 . 9 7 2 . 3 9 1 . 7 6 4 6 . 6 7 0 . 1 3 2 . 3 0 0 . 5 0 1 . 7 3  | 7 . 1 9 2 . 3 9 2 . 0 9

QAOARGUNJ 1 4 . 2 3 0 . 0 5 0 . 0 4 3 2 . 0 3 0 . 1 2 3 . 6 5 0 . 2 5 1 . 4 0 2 . 7 9 11. 7 2 3 5 .  12

k a l IG u n j 3 3 . 4 3 2 . 1 5 0 . 7 5 5 0 . 9 0 0 . 0 6 4 . 9 5 0 . 0 5 0 . 5 2 2 . 5 o 1 .  0 5 3 . 5 0

HAT UJ ANDA 3 3 . 6 6 0 . 1 9 0 . 5 9 3 0 . 3 7 0 . 2 0 4 . 2 2 0 . 1 6 2 . 2 6 2 . 4 9 0 . 1  1 1 7 . 6 6

p a t g r a m 7 . 0 0 0 . 1 6 0 . 0 4 1 9 . 4 0 0 .  | 0 1 « 3 | 0 . 1  I 1 . 1 7 0 . 5 4 0 . 0 1 7 0 . 0 9

GA1BANOIIA 3 3 . 5 2 1 . 1 4 3 . 0 2 4 0 .  30 0 .  12 1 , 5 3 0 . 1 5 0 . 2 0 9 . 6 9 1 . 1 0 0 . 3 5

PALASHIJARI 3 0 . 0 2 0 . 0 6 1 . 1 0 3 6 . 9 3 0 . 2 1 3 . 7 4 0.411 1 . 0 6 1 0 . 0 5 1 3 . o V 0 . 2 5

GAdlNDAGONJ 2 3 . U 5 2 . 4 1 3 . 3 7 4 0 . 4 9 0 . ) 0 4 . 6 6 0 • J 6 0 . 2 7 0 . 2 0 1 6 * 0 9 0 . 1 3

SltAGllAlA 2 0 . 5 6 7 . 6 0 9 . 0 5 4 5 . 6 7 0* | 0 4 . 4 9 1 . 0 4 0 . 2 6 9 . 6 1 1 . 3 6 0 .  19

SUN0ARGUN3 3 3 . 3 3 0 . 6 d 0 . 4 4 51 . 0 0 0 .  | 0 2 . 5 0 0 . 3 5 0 . 4 2 0 . 9 2 1 . 2 0 0 . 2 6
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O 9 a o O o O 9 9 9 9 9 9 — O

9 9 04 9 9 01 a 9 7 a 9 9 3 K
a 0» 3 04 9 9 9 9 04 3 a a 9 0*
# « ♦ • • • • • • « • • • • •

a* 7 3 a a 9 a 01 04 a a 9 9 04 043 9 9 ♦ 9 ♦ 3 3 N a < ♦ ♦ 9 3
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