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A bs trac t  

T he s t u dy qu a nt i t a t iv el y  d et er min e t h e i mp a c t  of  p ol ic y  cha n g es  o n  t ech n ica l  
ef f i c i ency  of  s ma l l  s ca l e  fo o d c r op  f a r mer s  in  O n do S t a t e ,  N ige r ia ,  us ing  t h e  
s t ocha s t i c  f r ont i er  met h od o lo g y.   G iv e n  t h e s p ec i f i ca t io ns  of  t h e C ob b -D ou gl a s  
S t ocha s t i c  f r ont i er  mod e ls ,  t h e r es u l t s  s h o w t ha t  t h e e la s t i c i t y  of  mea n va lu e  of  f a r m 
ou t p u t  i s  a n  inc r ea s in g  fu n c t io n  of  l a n d ,  l a b ou r  a nd  i mp l ement s .   T he mea n va lu e of  
f a r m ou t p u t  i s  a l s o  es t i ma t ed  t o  b e a n  i nc r ea s in g  fu nc t i o n  of  a gr oc h emica l s  a n d  
s eeds .   T he r es u l t s  in d ica t e  t ha t  a n  i n c r ea s ing  r et u r ns - t o- s ca le  ex i s t s  a mo n g t h e  
f a r mer s .   T he a na lys i s  s ho ws  a  wi d e va r ia t io n  i n  t h e es t i ma t ed  t ech n ica l  ef f i c i enc i e s ,  
r a ngi n g  b et w een 0 . 2 2  a nd  0 . 8 9 .   T he r es u l t s  of  s i mu la t io n  o n  p ol ic y  va r ia b les  s h o w  
t ha t  t he l ev el  of  t e ch n ica l  ef f i c i enc y  w ou l d  s i g ni f i ca nt l y  in c r ea s e w i t h  r i s i n g  l ev e l  o f  
edu ca t io n ,  f a r mi n g ex p er i enc e  a nd  a mou n t  of  c r edi t  u s ed  a n d  d ec l i n e w i t h  t h e a g e  o f  
t he f a r mer s .  
 
K eyw o rd s :  St ocha s t i c  f r ont i er ;  T ech ni ca l  ef f i c i ency;  S ma l l - s ca le  f a r mer s ;  N ig er ia  
 
* C o rr es p on d en ce  E -m ai l :  i a j i b e fu n@ya h o o. co m ;  T e l ep h on e  n u m b er :+ 23 4 -
8 0 3 4 02 5 3 38   
 
I ntro d uct io n  
 

Nigerian agriculture is dominated by the small 
scale farmers who produce the bulk of food 
requirements in the country.  Despite their unique 
and pivotal position, the small holder farmers belong 
to the poorest segment of the population and 
therefore, cannot invest much on their farms. The 
vicious circle of poverty among these farmers has led 
to the unimpressive performance of the agricultural 
sector. While several efforts have been undertaken to 
raise production level and productivity of these 
farmers, so as to achieve food security, such efforts 
have not yielded the desired results.   
 As the population density increases, farmers 
must produce even more food than before. With the 
population increases today, people are being pushed 

to new lands and many into marginal lands. One of 
the enormous challenges in the drive to increase food 
to feed the growing population will be to raise 
productivity and efficiency in the agricultural sector, 
more so that Nigeria’s rapid population growth has 
outstripped the nation’s capacity to grow food. From 
1980 - 1990, Nigeria’s population grew by 3.1% a 
year, while agricultural production lagged far behind 
- growing at just 2.5% a year (Ojo, 1990).    
 Given the various agricultural programmes and 
policies implemented over the years to raise farmers’ 
production and productivity, it then becomes 
imperative to quantitatively measure the current level 
of and determinants of technical efficiency and 
policy options available for raising the present level 
of efficiency, given the fact that efficiency of 
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production is directly related to the overall 
productivity of the agricultural sector. 
 From the foregoing, there is crucial need to 
raise agricultural growth; as such growth is the most 
efficient means of alleviating poverty and protecting 
the environment. For Nigeria, raising productivity 
per area of land is the key to effectively addressing 
the challenges of achieving food security, as most 
cultivable land has already been brought under 
cultivation, and in areas where wide expanse of 
cultivable land is still available, physical and 
technological constraints prevent large-scale 
conversion of such potentially cultivable land.  
 E f f ic i enc y  of  a  p r odu c t i on  s ys t em or  
u ni t  mea ns  a  co mp a r i s on  b et w een  
ob s er v ed  a nd  op t i ma l  va lu e of  i t s  ou t p u t  
a nd  inp u t s .  T he  c o mp a r i s on  ca n  t a k e t h e  
for m of  t h e  r a t io  o f  ob s er v ed  t o  
ma x i mu m p ot ent ia l  ou t p u t  ob t a ina b le  
f r om t h e g i v en  i np u t s  or  t he r a t io  of  
mi ni mu m p ot ent ia l  t o  ob s er v ed  i np u t  
r equ i r ed  t o  p r odu c e t h e g i v en  ou t p u t  or  
s o me c o mb i na t io n  of  t h e t w o.  I n  t h es e  
t wo c o mp a r i s ons ,  t h e op t i mu m i s  
d ef in ed  i n  t er ms  o f  p r odu c t i o n  
p os s ib i l i t i es ,  a nd  ef f i c i enc y  i s  t ech n ica l .  
 
2 .  L i t erat ure  rev iew  
 
 S o me ef f i c i enc y  s t u di es  i n  Af r ica n  
a gr icu l t ur e  i nc lu d e A d es i na  a nd  D ja t o ,  
1 9 9 7,  Aj ib efu n  a nd  Ab du l ka dr i ,  1 9 9 9,  
O b wo na ,  2 00 0 ;  H es h ma t i  a nd  M u lu g et a ,  
1 9 9 6 ;  S ey ou m e t  a l .  1 9 9 8 ;  Wei r ,  1 9 99 ;  
Wei r  a nd  K ni g ht ,  2 0 00 ;  M och eb e l el e  a n d  
Wint er -N e ls o n  (2 0 0 0 ) ;  T owns end e t  a l ,  
1 9 9 8 ;  Aj ib efu n  e t  a l . ,  1 9 9 6.  O f  t hes e  
s t u dies ,  n o n e ha s  in v es t i ga t ed  p ol ic y  
op t io ns  f or  r a i s in g  f a r mer s ’  t ec hn ica l  
ef f i c i ency .   

A d es i na  a nd  D ja t o  a p p l ied  t h e  
s t ocha s t i c  f r ont i er  mo d el  t o  mea s u r e t h e  
r ela t iv e ef f i c i enc y  of  wo men  a s  f a r m 
ma na g er s  u s in g  t h e p r of i t  f u nc t i o n .  
T hei r  r es u l t s  s h ow  t ha t  t h e r e la t iv e  
d egr ee of  ef f i c i enc y  of  w o men i s  s i mi la r  
t o  t ha t  of  men.   Aj ib efu n  a nd  Ab du lka d r i  
( 1 9 9 9 )  es t i ma t ed  t ec hn ica l  ef f i c i enc y  f or  

f o od c r op  f a r mer s  u nd er  t h e N a t io na l  
D i r ec t or a t e  of  E mp l o y ment  in  O n d o  
S ta t e ,  N iger ia .  R es u l t s  of  a na lys i s  
in d ica t ed  w id e va r ia t ion  in  t h e l ev el  of  
t ec hn ica l  ef f i c i enc y ,  r a ngi n g  b et w een  
0 . 2 2  a nd  0 . 8 8 .   H es h ma t i  a nd  M u lu g et a  
(1 9 9 6 )  es t ima t ed  t h e t ec hn ica l  
ef f i c i ency  of  U ga nda n  ma t ok e -p r odu c i n g  
f a r mer s  a nd  fou n d t ha t  t he f a r mer s  f a ce  
t ec hn o lo g i es  wi t h  d ec r ea s in g  r et u r ns  t o  
s ca le ,  w i t h  mea n   t ec hn ica l  ef f i c i enc y  of  
6 5 %,  b u t  f ou nd no  s i g ni f i ca nt  va r ia t ion  
in  t ec h ni ca l  ef f i c i enc y  wi t h  r es p ec t  t o  
f a r m s iz es .   O b wo na  (2 0 0 0 )  a p p l ied  t h e  
C ob b -D ou gla s  f r ont i er  mod e l  i n  a na lys i s  
of  t h e d et er mina nt s  of  t ec hn ica l  
ef f i c i ency  d i f f er ent ia l s  a mo n g s ma l l  a n d  
med iu m s ca l e  t ob a cco  f a r mer s  in  
U ga nda .  T he r es u l t s  of  t h e s t u d y s h o w  
t ha t  edu ca t io n ,  c r edi t  a cc es s ib i l i t y  a n d  
ex t ens io n  s er v ic es  c o nt r ib u t e  p os i t iv e l y  
t o  t h e i mp r o v ement  of  ef f i c i enc y .  
S ey ou m e t  a l . ,  ( 1 9 98 )  in v es t i ga t ed  t h e  
t ec hn ica l  e f f i c i enc y  a n d  p r odu c t i v i t y  of  
ma iz e p r odu c er s  in  E t h i op ia .  T he i r  
f in d in gs  s h o w ed t ha t  f a r mer s  t ha t  
p a r t i c ip a t e  i n  p r ogr a mme of  t ec hn o lo g y  
d emo ns t r a t ion  w er e mor e t ech n ica l l y  
ef f i c i en t  t ha n  f a r mer s  t ha t  d id  not  
p a r t i c ip a t e .  Wei r  ( 1 9 9 9 )  in v es t iga t es  t h e  
ef f ec t s  of  edu ca t ion  on  f a r mer s ’  
p r odu c t iv i t y  of  c er ea l  c r op s  in  r u r a l  
E t h iop ia ,  us ing  a v er a g e a nd  s t oc ha s t i c  
f r ont i er  p r odu c t io n  fu nc t i o ns .  T he  
r es u l t s  s how s u b s ta nt ia l  b en ef i t  o f  
s cho o l i n g  f or  f a r mer ’ s  pr odu c t i v i t y  i n  
t er ms  of  ef f i c i enc y  ga i ns ,  b u t  wi t h  a  
t hr es h ol d  of  a t  l ea s t  f ou r  y ea r s  of  
s cho o l i n g  b ef or e  a ny  s i g ni f i ca nt  ef f ec t s  
on  f a r m l ev el  t ec h n i ca l  e f f i c i enc y .   We i r  
a nd  K n i ght  ( 2 0 0 0 )  s t u died  t h e i mp a c t  of  
edu ca t io n  ex t er na l i t i es  on  p r odu c t i o n  
a nd  t ec h ni ca l  ef f i c i enc y  of  f a r mer s  in  
r ur a l  E t h iop ia .  T he f i n di n gs  i nd ica t ed  
t ha t  t he s ou r ce of  ex t er na l i t i es  t o  
s cho o l i n g  wa s  in  t h e a d op t i on  a n d  
s p r ea d  of  i nn o va t io ns  w hi ch  s h i f t  ou t  
t he p r o du c t i on  f r o nt i er .  M ea n t ec hn ica l  

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



J o u r n a l  o f  R u r a l  E c o n o m i c s  a n d  D e v e l o p m e n t  v o l .  1 7  N o.  1  
 

 
 

15  
 

ef f ic i ency  of  c er ea l  c r op  f a r mer s  wa s  
0 . 5 5  a nd  a  u ni t  inc r ea s e i n  y ea r s  of  
s cho o l i n g  i nc r ea s es  t ech n ica l  ef f i c i enc y  
b y  2 . 1 % p oi n t .  T owns en d e t  a l . ,  ( 1 9 9 8 )  
u s ed  da t a  en v e l op ment  a na lys i s  (D E A)  
t o  i n v es t iga t e  t h e  r ela t io ns hip  b et w een  
f a r m s iz e,  r e t u r ns  t o  s ca le  a nd  
p r odu c t iv i t y  a mo n g wi n e p r o du c er s  in  
S ou t h  Af r ica .  T he s t u dy r ev ea l ed  t ha t  
mos t  f a r mer s  op er a t e  u nd er  co ns t a nt  
r e t u r ns  t o  s ca le ,  wi t h  w ea k i n v er s e  
r e la t io ns h ip  b et w een f a r m s iz e  a n d  
p r odu c t iv i t y .   M o ch eb e l e l e  a n d  Wi nt er -
N e ls o n  (2 0 0 0 )  inv es t i ga t ed  t h e i mp a c t  of  
l a b ou r  mi gr a t ion  o n  t h e  t ec hn ica l  
ef f i c i ency  p er for ma nc e of  f a r ms  i n  t h e  
r ur a l  eco n o my of  L es ot ho .  Us i n g  t h e  
s t ocha s t i c  f r ont i er  p r odu c t i o n ,  t h e s t u d y  
r ev ea l ed  t ha t  h ou s eh o lds  t ha t  s en t  
mi gr a nt  l a b ou r  t o  S ou t h  Af r ica n  mi n es  
w er e  mor e e f f i c i en t  t ha n  h ou s eh ol ds  t ha t  
d i d  n ot  s end  mi gr a nt  l a b ou r  t o  S ou t h  
Af r ica n  min es ,  w i t h  mea n t ec hn ica l  
ef f i c i ency  of  0 . 3 6  a nd  0 . 2 4 ,  
r es p ec t i v e ly .   Aj ib efu n  e t  a l . ,  ( 19 9 6 )  
u s ed  t h e t r a ns log  s t oc ha s t i c  f r ont i er  
p r odu c t io n  fu nc t io n  t o  s t u d y t h e  
t ec hn ica l  ef f i c i en cy  of  s ma l lh o ld er  f o o d  
c r op  f a r mer s  in  N i g er ia .  T he i r  r es u l t s  
in d ica t ed  a  w i d e va r ia t io n  i n  t h e l ev e l  of  
t ec hn ica l  ef f i c i enc y  of  t h e f a r mer s .    

O u t s ide  Af r ica ,  a  nu mb er  of  
ef f i c i ency  s t u d i es  i n  a gr icu l t u r e  ha v e  
b een  ca r r ied  ou t  b y  va r iou s  a u t hor s .  
R u ss el  a n d  Y ou n g (1 9 8 3 )  a p p l i ed  a  
d et er mi ni s t i c  C ob b -D ou g la s  f r ont i er  
mo d e l  t o  a  c r os s - s ec t i o n  of  5 6  f a r ms  i n  
E ng la n d.  T he r es u l t s  in d ica t ed  t ec hn ica l  
ef f i c i enc i es  r a ngi n g  b et w een 0 . 4 2  a nd  
1 . 0 ,  wi t h  a  mea n t ec h nica l  ef f i c i en cy  of  
0 . 7 3 .  K ont os  a nd  You n g (1 9 8 3 )  in  t he i r  
s t u dy  u s ed  d et er mi n i s t i c  f r ont i er  
p r odu c t io n  fu n c t io n  t o  es t i ma t e  da t a  on  
8 3  G r eek  f a r ms  du r i ng  t h e 1 9 8 0 -8 1  
c r op p in g  y ea r .  T he p r ed ic t ed  t ec hn ica l  
ef f i c i enc i es  r a ng e b et w een 0 . 3 0  a nd  
1 . 0 0 ,  wi t h  a  mea n t ec h nica l  e f f i c i enc y  
of  0 . 5 7 .  Ai gn er  e t  a l . ,  ( 1 9 77 )  es t i ma t ed  

t he  s t oc ha s t i c  f r ont i er  p r odu c t io n  
fu nc t i on  for  Un i t ed  S t a t e  a gr icu l t u r a l  
da t a  cov er in g  6  y ea r s  a nd  4 8  s ta t es .  F or  
t h i s  a p p l ica t io n ,  t h e s t oc ha s t i c  f r ont i er  
p r odu c t io n  fu nc t i on  wa s  not  
s ig ni f i ca nt l y  d i f f er ent  f r o m t h e  
t r a d i t io na l  a ver a g e r es p o ns e fu nc t i o n .   
Ba t t es e  a nd  C or r a  (19 7 7 )  ca r r i ed  ou t  a n  
emp i r ica l  s t u dy  i n v ol v i n g  da t a  on  
Au s t r a l i a n  gr a z ing  i ndu s t r y  s u r vey  a n d  
b ot h  d et er mi n i s t i c  a nd  s t ocha s t i c  C ob b -
D ou g la s  p r odu c t io n  f r o nt i er s  w er e  
es t i ma t ed  f or  t h e t hr ee s t a t es  in  t h e  
p a s t or a l  zon e  of  E a s t er n  Au s t r a l i a .  T hey  
co nc lu d ed t ha t  t he va r ia nce of  t h e  
in e f f ic i enc y  ef f ec t  wa s  fou n d t o  b e a  
h i g hl y  s i g ni f i ca nt  p r op or t ion  o f  t o t a l  
va r iab i l i t y  of  t h e lo ga r i t h m of  t h e va lu e  
of  s h eep  p r o du c t io n  in  a l l  s t a t es .  
K a l i r a ja n  (1 9 8 1 )  ap p l ied  t h e s t oc ha s t i c  
f r ont i er  C ob b -D ou g la s  fu nc t io n  u s i n g  
da t a  f r om 7 0  r i ce  f a r mer s  in  I nd ia .  T he  
va r ia nce of  in e f f ic i enc y  ef f ec t s  wa s  
fou n d t o  b e a  h i g hl y  s i g n i f i ca nt  
co mp o n ent  in  d es c r ib i n g  t h e va r ia b i l i t y  
of  r i c e  y i el ds .  Ba gi  ( 1 9 8 2 a )  es t i ma t ed  a  
s t ocha s t i c  f r ont i er  C ob b -D ou g la s  
p r odu c t io n  fu nc t io n  t o  d et er mi n e  
w h et h er  t her e  w er e a ny  s ig n i f i ca nt  
d i f f er enc es  in  t h e t ec h ni ca l  ef f i c i enc i es  
of  c r op  a nd  mix ed  ent er p r i s e  f a r ms  in  
Wes t  T en n es s ee.  T he va r ia b i l i t y  of  
in e f f i c i enc y  ef f ec t s  wa s  fou n d t o  b e  
h i g hl y  s i g ni f i ca nt  a nd  t h e mea n  
t ec hn ica l  ef f i c i enc y  of  mix ed  ent er pr i s e  
f a r ms  wa s  s ma l l er  t ha n  t ha t  of  cr op  
f a r ms  (0 . 7 6  a nd  0 . 8 5  r es p ec t i v e l y) .  Ba gi  
a nd  H u a ng (1 9 8 3 )  es t i ma t ed  a  t r a ns lo g  
s t ocha s t i c  f r ont i er  p r odu c t i on  fu nc t i o n  
u s ing  s a me da t a  on  t he f a r ms  co ns i d er ed  
in  Ba gi  ( 1 9 8 2 a ) .  T he  C ob b -D ou g la s  
s t ocha s t i c  f r ont i er  mo d e l  wa s  fou nd  not  
t o  b e a d equ a t e  r ep r es ent a t ion  of  t h e  
da t a ,  g iv en  t h e  s p ec i f i ca t ion  of  t h e  
t r a ns log  mo d e l  f or  b ot h  c r op  a nd  mix ed  
f a r ms .  T he mea n t ec hn ica l  ef f i c i enc i es  
of  c r op  a nd  mix ed  f a r ms  w er e  es t i ma t ed  
t o  b e  0 . 7 3  a nd  0 . 6 7 ,  r es p ec t i v e l y .  
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K a l i r a ja n  a nd  F l i nn  (1 9 8 3 )  u s ed  t h e  
t r a ns log  s t oc ha s t i c  f r ont i er  p r odu c t io n  
fu nc t i on  i n  t h e a na l ys i s  of  da t a  on  7 9  
r i ce  f a r mer s  in  t h e P hi l ip p i n es .  T he  
in d iv i du a l  t ec h ni ca l  ef f i c i enc i es  r a ng ed  
f r om 0 . 3 8  t o  0 . 91 .  Bra vo-u r et a  a nd  
R ieg er  (1 9 9 0 )  es t i ma t ed  b ot h  
d et er mi ni s t i c  a n d  s t o cha s t i c  f r ont i er  
p r odu c t io n  fu nc t i o ns  f or  a  l a r ge s a mp l e  
of  da i r y  f a r ms  i n  t h e N or t h - ea s t er n  
s ta t es  of  U. S . A for  t h e y ea r s  1 9 8 2.  T he  
s t ocha s t i c  f r ont i er  mo d e l  ha s  s ig n i f i ca nt  
in e f f ic i enc y  ef f ec t s  f or  1 9 8 2  b u t  not  
s ig ni f i ca nt l y  d i f f er ent  f r o m t h e  
d et er mi ni s t i c  f r ont i er  in  1 9 8 3 .  Ba t t es e  
a nd  C o el l i  ( 1 9 9 5 )  a pp l i ed  p a n e l  da t a  
mo d e l  i n  t h e  a na lys i s  of  da t a  for  da i r y  
f a r ms  i n  N ew  S ou t h  Wa l es  a n d  V ic t or ia  
f or  t hr ee y ea r s .  T he es t i ma t ed  t ec hn ica l  
ef f i c i enc i es  r a ng ed b et w een 0 . 5 5  t o  0 . 9 3  
for  N ew  Wa l es  f a r ms  a nd  b et w een 0 . 3 9  
a nd  0 . 9 3  for  Vic t or ia  f a r ms .  Ba t t es e  a n d  
T es s ema  (1 9 9 3 )  es t i ma t ed  s t oc ha s t i c  
f r ont i er  p r odu c t i on  fu n c t io n  wi t h  t i me -
va r y in g  t ec h ni ca l  in ef f ic i enc y  for  I nd ia n  
f a r mer s .  Whi l e  t h e r es u l t s  s ho w t ha t  
t ec hn ica l  ef f i c i enc i es  of  f a r m va r ied  
wi d e l y ,  t h e hyp ot h es i s  of  t i me- i n va r ia n t  
t ec hn ica l  ef f i c i enc y  i s  n ot  r e j ec t ed  i n  
on e of  t h e t hr ee v i l l a g es .  Ba t t es e  
e t  a l . ,  ( 19 9 6 )  ap p l ied  t h e s t oc ha s t i c  
f r ont i er  p r odu c t io n  fu n c t io n  u s i n g  p a ne l  
da t a  of  w h ea t  f a r mer s  in  f ou r  d i s t r i c t s  in  
Pa kis t a n .  T he i r  r es u l t s  s ho w t ha t  t h e  
t ec hn ica l  i n ef f ic i enc y  ef f ec t s  a r e  h i g hl y  
s ig ni f i ca nt .  T he r es u l t s  a l s o  in d ica t e  
t ha t  t ech nica l  ef f i c i enc y  t en ds  t o  b e  
s ma l l er  f or  o l d er  f a r mer s  a nd  t hos e w i t h  
gr ea t er  f or ma l  s ch o ol i ng .  I t  wa s  a l s o  
d i s c o v er ed  t ha t  t he  l ev e l s  of  w h ea t  
p r odu c t io n  of  f a r mer s  t en d  t o  a p pr oa ch  
t he i r  p ot ent ia l  f r o nt i er  p r odu c t io n  l ev e l s  
ov er  t i me,  t h ou g h t h er e  wa s  no  ev i d enc e  
of  t ec hn ica l  c ha n g e.  T he t ec hn ica l  
ef f i c i enc i es  w er e f ou n d t o  va r y  
co ns i d er a b ly  ov er  t i me s u ch  t ha t  t he  
mea n t ec h nica l  ef f i c i enc i es  r a ng ed f r o m 
5 7 % t o  7 9 % in  t h e d i s t r i c t s .  Aj ib efu n  e t  

a l . ,  (1 9 9 6 )  es t i ma t ed  s t oc ha s t i c  f r ont i er  
p r odu c t io n  fu n c t i on  f or  J a pa nes e r i c e  
f a r m h ou s eh ol ds  u s i n g  p a n e l  da t a  
co v er in g  1 9 8 4  t o  1 9 94 .  G iv en  t h e  
t r a ns log  f r o nt i er  mod e l ,  t h e C ob b -
D ou g la s  f r ont i er  f u nc t i on  wa s  fou nd  t o  
b e ina d equ a t e  in  t h e a na lys i s  of  t h e  
da t a .  T he t ec hn ica l  i n ef f ic i enc i es  w er e  
fou n d t o  b e s t a t i s t i ca l ly  s i gn i f i ca nt  b u t  
t i me- i n va r ia n t .  T he a na lys i s  a l s o  
in d ica t ed  ev i d enc e  of  n eu t r a l  
t ec hn o lo g ica l  cha n g e.  T echn ica l  
ef f i c i enc i es  of  a v er a g e r i c e  f a r m 
hou s eh ol ds  i n  t h e p r ef ec t u r es  w er e qu i t e  
h i g h ,  wi t h  t h e mea n t ec hn ica l  ef f i c i enc y  
of  7 4 . 5 %.   
 
3.  Methodology 
 
3.1. Study area and data 
 
 For this study, farm level data were collected 
from 200 small scale farmers in Ondo State. Ondo 
State is one of the 36 States of Nigeria located in the 
Southwestern part of Nigeria. Within the state, there 
are three distinct ecological zones- the mangrove 
forest to the south, the rain forest in the middle belt 
and the derived savanna to the north. The state is 
well suited for production of crops such as maize, 
cassava, yam, and cocoyam. The bulk of the 
agricultural products come from manually cultivated 
rain-fed crops. Mixed cropping system of farming is 
common in the state, as in other parts of the country. 
The selection of respondent farmers for this study 
was multistage sampling. In the first stage, the 
villages in the state were divided into five strata, 
based on farmers’ economic, socio-cultural and 
geographical considerations, and one village was 
selected from each stratum. The second stage 
involved random selection of sample farmers from 
the selected strata. From each selected village, 40 
smallholder farmers were interviewed, making a total 
of 200 sample farmers in all. Production resources 
were categorized into five groups: land, labour, 
implements, agrochemicals and seed. Generally, the 
major resources for farming in the study area are 
land, labour and simple farm implements. Land was 
measured in hectares; and human labour was 
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measured as quantity as well as the price of the 
resources.  Depreciation values of implements were 
also taken into consideration. 
 
3.2. The model 
 
 This study uses the stochastic frontier 
production function.  The stochastic frontier 
production function model has the advantage in that 
it allows simultaneous estimation of individual 
technical efficiency of the  
respondent farmers as well as determinants of 
technical efficiency (Battese and Coelli, 1995). 
 The idea of frontier production can be 
illustrated with a farm using  inputs (X1, 
X2=………….Xn) to produce output Y.  Efficient 
transformation of inputs into output is characterized 
by the production of function f(x), which shows the 
maximum output obtainable from various input 
vectors. The stochastic frontier production function 
assumes the presence of technical inefficiency of 
production.  Hence, the function is defined by, 
 Y = f(xi, β) exp (vi –ui)   
 i = 1, 2…………..n  (1) 
where v is a random error which is associated with 
random factors not under the control of farmer.  The 
model is such that the possible production Yi is 
bounded above by the stochastic quantity f(xi, β) exp 
(vi), hence the term stochastic frontier.  The random 
error vi are assumed to be independently and 
identically distributed as N(0, 2v) random variables 
independent of the uis. 
 Technical efficiency of an individual farmer is 
defined in terms of the ratio of the observed output to 
the corresponding frontier output, given the available 
technology. 
Technical efficiency (TE) = YiYi

* 
 = f(xi, β) exp (vi –ui)/  f(xi, β) exp  
 = exp (–ui)  (2) 
 
where Yi is the observe output and Yi

* the frontier 
output.  Technically efficient farms are those that 
operate on the production frontier and the level by 
which a farm lies below its production frontier is 
regarded as the measure of technical inefficiency. 
 For this study, the production technology of 
small scale food crop farmers is assumed to be 

specified by the Cobb-Douglas frontier production 
function defined by: 
 

Log Y =  β0 + β1log X1 + β2log X2  
+  β3log X3 + β4log X4 + β5log X5  
+ V1 – UI – UI    (3) 

Where, 
 Log represents the natural logarithm 

 Y represents the value of production of i-th 
farmer measured in Naira 

 X1 represents the total area of land in hectares on 
which crops were grown 

 X2 represents family labour in mandays 
   

X3 stands for the value of implements in Naira 
 X4 represents the quantity of fertilizer used, in 

kilograms 
 X5 stands for value of seed in Naira 
 Bis are coefficients to be estimated  

Vis are assumed to be independent and 
identically distributed normal random errors, 
having zero mean and unknown variance, 
2v; 

 Uis are the determinants of technical efficiency, 
which are assumed to be independent of Vis 
such that Uis is the non-negative truncation 
(at zero) of the normal distribution with 
mean, ui, and variance, 2, where uis is 
defined by,  

 
  µi = 0 + 1Z1i + 2Z2i  
  + 3Z3i + 4Z4i + 5Z5i  (4) 
 
where z1, z2 z3 z4, are age, level of education, farming 
experience and amount of credit used by farm 
operator respectively.  These variables are assumed 
to influence technical efficiency of the farmers, and 
s are unknown scalar parameters to be estimated. 
 The variables age, level of education, farming 
experience, and amount of credit used are included in 
the model as determinants of technical efficiency, to 
indicate possible effects of farmers characteristics 
and input-use on technical efficiency in order to be 
able to come out with recommendations on how 
government policy formulation could be used to 
influence these amenable policy variables so as to 
enhance the technical efficiency of the farmers. 
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4. Empirical results 
 
4.1. Summary statistics 
 
 Presented in Table 1 is a summary statistics of 
variables used in the stochastic frontier production 
function.  The values in the summary statistics vary 
across the farms.  The farmers involved in the study 
have relatively small farms.  Farm sizes ranged 
between 0.493 and 2.20 hectares.  Also both hired 

and family labours were extensively used by the 
respondents, though with wide variations across 
farms.  The main reason for wide variation in the 
intensity of farm labour use could be attributed to 
variation in the types of crops grown by respondent 
farmers.  For instance yam production is known to be 
traditionally associated with intensive labour-use, 
especially with mould-making, staking and 
other operations involved in yam farming. 

 
, Table 1: Summary statistics for variables in the stochastic frontier model for the small scale farmers 

Va r ia b les  M ea n  S ta nda r d  
D evia t io
n .  

M ini mu m M ax i mu m 

Va lu e of  ou t p u t  (N a ir a )  2 8 , 30 3  3 9 , 19 9  1 , 3 95  7 4 , 25 0  
Fa r m s ize (H ec t a r es )  1 . 5 6  0 . 4 93  0 . 9 00  2 . 2 0  
T ota l  La b our  (M a nda ys )  9 0  2 8 . 9  1 7  2 0 1  
H i r ed  L a b ou r  (Ma nda ys )  3 9  5 0  8  1 0 4  
Va lu e of  s eed  (N a i r a )  5 0 0  2 0 5 .7  1 2 7  8 7 1  
I mp l ement s  (N a i r a )  4 0 0 .2  5 3 4 .7 6  1 4 0  1 , 5 36  
F er t i l i z er s  (K g)  5 2  3 8  2 1  3 0 0  
A g e (y ea r s )  3 8  5 . 9  2 1  7 0  
E du ca t ion  (y ea r s )  4  6 . 2  0  1 2  
Fa r min g E x p er i en c e  1 9  4 . 9  4  2 8 . 5  
Fa mi l y  s iz e   6  3 . 7  1  1 0  

  
 
 T able  2 :  M a xi mu m l i k e l i h ood  e s t i ma te s  
 

V a r i a b l e s  P a r a m et er s  C o- e f f i c i e n t  S t a n da r d  
E r r or  

t - r a t i o  

L a n d  β1  0 . 23  0 . 11  2 . 09  
L a bou r  β2  0 . 34  0 . 15  2 . 27  
I m pl e m en t s  β3  0 . 27  0 . 10  2 . 70  
A gr oc h em i c a l s  β4  0 . 18  0 . 13  1 . 38  
S e e d s  β5  0 . 24  0 . 11  2 . 18  
V a r i a nc e  p ar a me te r s      
  s

2  0 . 19  0 . 01 1  1 7 . 2 7  
   0 . 87  0 . 23  3 . 78  
I n e f f i c i e n c y  M od e l      
C on s t a n t    0  1 . 27  0 . 66  1 . 92  
A g e  1  0 . 21  0 . 10  2 . 10  
E d u ca t i on   2  - 0 . 2 3  0 . 11  2 . 09  
E x p er i en c e    3  - 0 . 1 9  0 . 09  2 . 11  
F a r m  cr e d i t   5  - 0 . 3 0  0 . 12  2 . 50  
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4 . 2 .  R es u l t s  o f  M a xi mu m l i k e l i ho o d E s t i ma t e s  
 
I nf er enc es  a b ou t  s t ocha s t i c  f r o nt i er  mo d e l  
a r e  b a s ed  o n  t h e  ma x i mu m l i k el i ho o d  
es t i ma t es ,  r ep r es ent ed  b y  t h e e la s t i c i t y  
es t i ma t es .   T he va r ia nce p a ra met er s  of  t h e  
mo d e l  a r e  ob t a ined  i n  t er ms  of :  
 
  2 s  =   u

2  +   v
2  a nd  

    =   2 /  ( v
2  + 2 )        ( 5 )  

 
 T he es t i ma t e  f or  t he   p a r a met er  in  
t he  s t oc ha s t i c  f r ont i er  mod e l ,  8 7 %,  i s   
l a r ge.   T he va lu e in d i ca t es  t h e r e la t iv e  
ma g n i t u d e of  t h e  va r ia nce w i t h  t h e  
in e f f ic i enc y  ef f ec t s .   T his  imp l i es  t ha t  
t ec hn ica l  i n ef f ic i en c i es  a r e  h i g hl y  
s ig ni f i ca nt  in  t h e  a na lys i s  of  t h e  da t a .  
T he p r odu c t i o n  ela s t i c i t y  mea s u r es  t h e  
p r op or t iona l  cha n g e i n  ou t p u t  r es u l t in g  
f r om a  pr op or t iona l  c ha ng e i n  t h e ou t p u t  
r es u l t in g  f r o m a  p r op or t iona l  c ha ng e  i n  
t he i - t h  i np u t  l ev e l ,  wi t h  a l l  o t h er  inp u t  
l ev e l s  h e l d  co ns t a nt .   P r es ent ed  i n  T a b le  
3  a r e  e la s t i c i t y  es t i ma t es  a nd  r et u r ns - t o  
s ca le  va lu e.  
 
T able  3 :  E las t i c i ty  a nd  re t ur ns - to - s ca le  

fo r  s ma l l  s ca le  far mers  i n  
O ndo  S tate  

 
I np u t s  E la s t i c i t y  
L a nd  0 . 2 3  
L a b our  0 . 3 2  
I mp l ement s  0 . 2 6  
A gr och emi ca l s  0 . 1 8  
S eeds  0 . 2 4  
R et u r ns - t o- s ca le  1 . 2 3  
 
 T he ela s t i c i t y  o f  mea n va lu es  of  
ou t p u t  wi t h  r es p ec t  t o  t h e i np u t s  a r e  
es t i ma t ed  a t  t he va lu es  of  t h e mea ns  of  
t he r es ou r ces .  T he e la s t i c i t y  o f  mea n  
va lu e of  f a r m ou t p u t  wi t h  r es p ec t  t o  l a n d ,  
l a b ou r ,  i mp l ement s , a gr och emica l s  a n d  
s eeds  a r e  0 . 23 ,  0 . 3 2 ,  0 .2 6 ,  0 . 1 8  a nd  0 . 2 4  
r es p ec t i v e ly .  G i v en  t h e s p ec i f i ca t io ns  of  
t he C ob b -D ou g la s  f r ont i er  mo d e ls ,  t he  

r es u l t s  s how t ha t  t he ela s t i c i t y  of  mea n  
va lu e of  f a r m ou t p u t  i s  es t i ma t ed  t o  b e a n  
inc r ea s in g  fu nc t i on  of  l a n d ,  l a b ou r ,  a nd  
of  i mp l ement s .   Als o ,  t he mea n va lu e of  
f a r m ou t p u t  i s  es t i ma t ed  t o  b e a n  
inc r ea s in g  fu nc t i on  of  a gr oc h emica l s  a s  
w e l l  a s  a n  inc r ea s i ng  fu n c t io n  o f  s eeds .  
T he r et u r ns - t o- s ca le  va lu e,  1 .2 3 ,  imp l i es  
t ha t  a n  i nc r ea s in g  r et u r ns - t o- s ca le  ex i s t s  
a mo n g t h e f a r mer s .  T he r et u r ns - t o- s ca le  
p a r a met er  ind ica t es  w ha t  ha p p ens  w h en  
a l l  p r odu c t io n  r es ou r c es  a r e  va r ied  i n  t h e  
lo n g  r u n  b y  t h e s a me p r op or t i o n .  
D ou b l i n g  t h e a mou nt  of  p r odu c t i o n  i np u t s  
wi l l ,  mor e t ha n  d ou b l e  t h e va lu e of  t h e  
f a r m ou t p u t .  T he i mp l ica t io n  of  
inc r ea s in g- r et u r ns  t o  s ca le  in  t h i s  s t u d y  i s  
t ha t  a s  t he  a mou nt  of  p r odu c t i o n  inp u t s  i s  
inc r ea s ed ,  t h e u n i t  cos t  of  ou t p u t  wou l d  
d ec l i n e.  T his  mea ns  t ha t  t hou gh t h e  
f a r mer s  a r e  u s in g  t h e i r  p r odu c t io n  i np u t s  
wi t h i n  t h e r a t iona l  z o n e of  p r odu c t i o n  
fu nc t i on ,  t h ey  a r e  s t i l l  u s i ng  t h e  i np u t s  a t  
s u b -op t ima l  l ev e l s .   G iv en  t h e s u b s i s t en t  
na t ur e  o f  t h es e f a r mer s ,  a  
r eco mmen da t i o n  f or  inc r ea s e i n  s i z e  of  
op er a t io n  p u r ely  b a s ed  on  ec o n o mi es  of  
s ca le  w i t h ou t  co ns i d er a t ion  for  t ec hn ica l  
ef f i c i ency  of  t h e f a r mer s  ma y b e  
mis l ea d i ng .  T o ex a min e t h i s  
co ns i d er a t ion ,  t ec h nica l  e f f i c i enc y  
es t i ma t es  f or  i nd i v i du a l  f a r mer s  w er e  
es t i ma t ed  f r o m t h e C ob b -D ou g la s  f r on t i er  
p r odu c t io n  fu nc t i o ns  a nd  t h e  d i s t r ib u t ion  
of  t ec h ni ca l  ef f i c i en cy  i s  p r es ent ed  i n  
T a b le  4 .  G iv en  t h e s p ec i f i ca t ion  of  t h e  
C ob b -D ou gla s  s t ocha s t i c  f r ont ier  mo d e l  
in  equ a t io n  (1 ) ,  t h e co mp u t ed  t ec hn ica l  
ef f i c i enc i es  va r y  wi d el y  a mo n g t h e  
s a mp l e f a r mer s ,  wi t h  mi ni mu m a n d  
ma x i mu m va lu es  of  0 . 2 2  a nd  0 . 8 9  
r es p ec t i v e ly  a n d  a  mea n t ec hn ica l  
ef f i c i ency  va lu e of  0 . 6 5 .  T he d i s t r ib u t ion  
of  t h e t ec h nica l  ef f i c i enc y  i n  t a b l e  4  
c l ea r ly  s ho ws  t ha t  t he t ec hn ica l  
ef f i c i ency  s k ew ed mor e h ea v i l y  i n  t he  
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T able  4 :   Freq ue ncy  d i s t r ib ut io n o f  t ec hnic a l  e f f i c ie ncy  e s t i ma tes  
 
T ech nica l   
ef f i c i ency  r a ng e  

F r equ enc y  % of  t o ta l   

0 . 1 0 -0 .2 9  1 5  7 . 5  
0 . 3 0 -0 .4 9  5 0  2 5 . 0  
0 . 5 0 -0 .6 9  9 9  4 9 . 5  
0 . 7 0 -0 .8 9  3 1  1 5 . 5  
0 . 9 0 -1 .0 0  5  2 . 5  
 
 

0

20

40

60

80

100

120

Frequency/% of Total

0.1-0.29 0.30-0.49 0.50-0.69 0.70-0.89 0.90-1.00
Technical Efficiency Range

Figure 1: Frequency Distribution of Technical Efficiency

Frequency
Percentage of Total

 
0.50 and 0.69 range, representing about 50% of the 
sample farmers.  This is clearly shown in Figure 1. 
The wide variation in technical efficiency estimates is 
an indication that most of the farmers are still using 
their resources inefficiently in the production process 
and there still exists opportunities for improving on 
their current level of technical efficiency.  
 This led us to examine the issue of factors that 
determine technical efficiency. Given the results of 
the inefficiency model in the Cobb-Douglas frontier 
model, age of operator, level of education, farming 
experience and the amount of credit used in farming 
are individually significant determinants of technical 
inefficiency at 5% level. The implication here is that 
these variables significantly affect the level of 
technical efficiency of the respondent farmers. While 
the level of education, farming experience and 
amount of credit have negative coefficients, the age 
of operator has positive coefficient.  The negative 
coefficients of level of education, farming experience 
and amount of credit imply that an increase in any of 

or in all of these variables would lead to decline in 
the level of technical inefficiency. An increase in the 
age of operator would lead to increase in the level of 
technical inefficiency. This implies that younger 
farmers are more technically efficient than older 
ones. This could be explained by the fact that 
younger farmers, apart from having greater physical 
strength required for farming, they are more likely to 
be receptive to improved farming techniques than the 
older farmers. The negative coefficient of farming 
experience implies that farmers with more farming 
experience are more technically efficient than farmers 
with less year of farming experience. Also, the 
negative coefficient of education implies that farmers 
with more education are more technically efficient 
than those with less education. This is a priori result, 
given that education will make farmers to be well 
aware of available improved farming practices and 
will be more receptive to such practices. The negative 
coefficient of the amount of credit implies that 
farmers who used more amount of credit are more 
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technically efficient than farmers who used less 
amount of credit. This could be explained by the fact 
that since most of the farmers are resource-poor, 
access to farm credit will enable them purchase those 
farm inputs they could not ordinarily afford without 
credit.   Given that these variables are amenable to 
policy changes, government policy can be tailored to 
improve the current level of technical efficiency of 
the farmers. For instance, given that a younger farmer 
is more technically efficient than older one, 
government policy can be designed to attract younger 

farmers into farming. Also, agricultural policy could 
be designed to encourage experienced farmers to 
remain in the farming business. Finally, government 
could design suitable credit policy for the small scale 
farmers.  
 In order to determine the magnitude of change 
in the level of technical efficiency that could result 
from a change in government policies that influence 
the determinants of technical inefficiency simulation 
was performed on the identified variables which 
could be influenced by government policy. 

 
4.3. Analysis of policy variables that affect technical 

inefficiency 
 
 Table 5 shows the simulation results, assuming a 
change in policy that influences the determinants of 
technical inefficiency.  The simulation is done with an 
increase in the values of the policy variables by 5%, 
10% and 20% and the observed changes in the level of 
technical efficiency. 

 T he r es u l t s  of  s i mu la t io n  of  p ol ic y  
va r iab les  s h o w t ha t  t he mea n t ec hn ica l  
in e f f ic i enc y  w ou l d  d ec l i n e  wit h  r i s i n g  
l ev e l  of  edu ca t ion ,  f a r mi n g ex p er i en c e  
a nd  a mou nt  of  c r edi t .  A n i n c r ea s e  in  t h e  
l ev e l  of  edu ca t io n  f r o m 5 % t hr ou g h 2 0 %  
r a i s ed  t he  mea n t ec h ni ca l  ef f i c i enc y  f r o m  
 
 
T able  5 :  S i mul a t io n  res ul t s  o f  v ar i at io n  

i n po l icy  v a r i ab le s  o n me a n  
t ec hnic al  e f f i c ie ncy  

 
Va r ia b les   (Mean T.E =0.65) 

+ 5 % + 1 0 % + 2 0 % 
A g e of  
op er a t or  

 
0 . 6 5  

 
0 . 6 4  

 
0 . 6 3  

L ev el  of  
edu ca t io n  

 
0 . 6 9  

 
0 . 7 1  

 
0 . 7 4  

Fa r min g 
ex p er i en c e  

 
0 . 6 9  

 
0 . 7 0  

 
0 . 7 3  

A mou nt  of  
c r ed i t  

 
0 . 6 7  

 
0 . 6 8  

 
0 . 6 9  

 
t he  cu r r ent  l ev e l  of  6 5 % t o  7 4 %,  wh i l e  a n  
inc r ea s e i n  t h e l ev e l  of  f a r mi n g  

ex p er i en c e f r o m 5 % t hr ou gh 2 0 % l ed  t o  
i n c r ea s e  in  t h e mea n t ec h ni ca l  ef f i c i enc y  
f r om t h e cu r r ent  l ev e l  of  6 5 % t o  7 3 %.   O n 
t he o t h er  ha nd a n  i n c r ea s e  in  a ge f r o m 5 % 
t hr ou gh 2 0 % l ed  t o  s ig n i f i ca nt  d ec l i n e  in  
t he  mea n t ec h nica l  ef f i c i enc y  f r o m 6 5 %  
t o  6 3 %.   T he p a t t er n  of  t h e c ha n g es  i n  t h e  
l ev e l  of  t ec h nica l  ef f i c i enc y  a s  a  r es u l t  o f  
p er cent a g e c ha n g e in  p o l ic y  va r ia b les  i s  
p r es ent ed  i n  f igu r e 2 .  

Figure 2:Effect of Policy Changes on Technical Efficiency
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From the foregoing, it is important to note that 
education is one of the policy variables which can be 
used by policy makers to improve the current level of 
technical efficiency of farmers in Nigeria. Hence any 
agricultural policy in the country that would attract 
people with high level of education into farming and/or 
encourage illiterate farmers to undergo 
education/training would definitely lead to increase in 
the level of technical efficiency of the farmers. Also 
the analyses imply that any agricultural policy in the 
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country that would encourage experienced farmers to 
remain in the farming business (thereby gaining more 
experience) would also lead to increase in the level of 
technical efficiency of the farmers. It is also important 
to state that any agricultural policy that would attract 
young people into farming business would lead to 
increase in the level of technical efficiency, given that 
young and educated people are more receptive to 
agricultural innovation than the old and illiterate 
farmers.  
 
5. Summary and conclusion 
 
 This study is on the analysis of the influence of 
policy variables on the level of technical efficiency of 
small-scale food crop farmers in Ondo State, Nigeria, 
using the stochastic frontier production function. The 
results of analysis show that level of education, 
farming experience and the amount of credit are 
important policy variables that significantly determine 
the level of efficiency of the farmers.  
 In conclusion, educational level of farmers as 
well as farming experience are important policy 
variables and determinants of efficiency which can be 
incorporated into the agricultural policy in Nigeria in 
order to raise the current level of technical efficiency 
and hence the level of productivity in the Nigerian 
agricultural sector.  
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