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Abst ract  
 

Po st  ha r ves t  fac i l it ie s  o r  app ropr ia t e  s to r age  t echno lo gy has  bee n t he  ma jo r  
p ro b le m o f N iger ia n ag r icu lt u r e  fo r  a  lo ng  t ime  t ha t  has  r e su lt ed  in  co ns ide r ab le  
was t e  o f ag r icu lt u r a l o u t put  and  he nc e  co ns ide r a b le  lo ss  t o  t he  eco no my.  T h is  
s t udy t he r e fo r e  exa mine s  t he  po st  ha r ves t  cho ices  o f g r a in  s t o r age  t echn iques  and  
pes t ic ides  u se  by fa r mer s  in  so u t h- wes t  N ige r ia .  Mu lt is t age  samp ling  t echn ique  
was  used  to  d r aw a  samp le  o f 192  fa r mer s  fr o m w ho m neces sa r y in fo r ma t io n  
wher e  e l ic it ed ,  wh i le  Mu lt ino mia l  lo g it  mo de l was  used  in  a na lys ing  t he  da t a .  T he  
r esu lt s  r evea led  quant it y o f  g r a in  s to r ed ,  educat io n,  gender  o f fa r mer ,  cap it a l  
inve s t ed  and  p r ice  o f g r a ins ,  a s  fac to r s  t ha t  a f fec t  fa r mer s ’  cho ice  o f s to r age  
t echn iques .  A lso  cho ice  o f  pes t ic ide  u sed  by fa r mer s  was  in f lue nced  by qua nt it y  
o f g r a ins  ha r ves t ed ,  co st  o f pes t ic ide  a nd  co st  o f inve s t me nt .  T he  need  to  educa t e 
fa r mer s  o n t he  use  o f pes t ic ide s  in  o r de r  t o  avo id  p ro b le ms o f g r a in  co nt am ina t io n 
and  ass is t  fa r mer s ’  t o  access  lo ans  and  c r ed it  fac i l it ie s  beco me s  inev it a b le .   
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In t roduct ion 
 

Sto r age is  pa r t icu la r ly  impo r t ant  in  
ag r icu lt u r e  because  ag r icu lt u r a l  
p ro duct io n is  seaso na l  w h i le  de ma nds  
fo r  ag r icu lt u r a l  co mmo d it ie s  a r e  mo r e  
eve n ly sp r ead  t hro ugho ut  t he  yea r .  I n  
t his  c ir cu mst ance ,  t he r e  is  ne ed  t o  
mee t  ave r age  demand  by s t o r ing  exce ss  

supp ly du r ing  t he  ha r ves t ing  seaso n fo r  
g r adua l r e lea se  t o  t he  mar ke t  dur ing  
o f f- seaso n pe r io ds .  I n  t he  p ro cess ,  
seaso na l p r ices  a r e  s t ab i l ized .  Po st -
ha r ves t  fo od  lo sses  a r e  o ne  o f t he  
impo r t ant  sou r ces  o f fo o d insecu r it y in  
Afr ica .  AMCOST  ( 2006)  e st ima t ed  pr e -  
and  po st ha r ves t  fo od  c ro p  lo ss  amo ng  
Afr ican co unt r ie s  t o  be  abo ut  10%,  
wh ich is  h ig her  t han t he  g lo ba l  
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ave r age .  N ige r ia  is  lo s ing  a bo ut  2 . 4  
b i l l io n t o nnes  o f fo o d yea r ly  t o  poor  
ha r ves t  and  s to r age fac i l it ie s  
( Olu meko ,  1999) .  T hus ,  lo sses  
a sso c ia t ed  w it h  t hese  c r o ps  l im it  t he  
po t ent ia l inco me o f t he  fa r mer s ,  
t hr eat en foo d  secu r it y and  e xace r ba t e  
co nd it io ns  o f  po ver t y  a mo ng  r u r a l  
ho useho lds ,  w ho se  inco me  s t r eam 
depends  o n t he  a b i l it y  t o  s to r e  excess  
fa r m p r o duce  fo r  a  la t e r  dat e 
( Nt io kwana  1999  c it ed  by T ha maga -  
Ch it ja  e t  a l . ,  2004) .   A l l  ag r icu lt u r a l  
p ro duce  whet he r  o f p la nt  o r  anima l  
o r ig in ,  s t a r t  det e r io r at ing  a lmo s t  a s  
soo n as  t he y a r e  ha r ves t ed .  T h is  
de t er io r at io n ma y s t a r t  w it h in a  few  
minu t es  o f ha r ves t  r e su lt ing  in  pa r t ia l  
o r  t o t a l lo ss  w it h in da ys ;  it  ma y t ake  
p lace  ve r y s lo w ly mak ing  t he  c r o p to  
r et a in  so me  qua l it y  fo r  mo nt hs  
( Set amo u  e t  a l ,  1998) .  Gr a in lo s ses  in  
ma iz e  fo r  exa mp le  ca n r eac h 20 - 30  % 
under  r easo nab le  co nd it io ns .  T h is  so r t  
o f lo ss  lo wer s  t he  inco me and  s t andar d  
o f l iv ing  o f  t he  fa r mer s  and  a lso  leads  
t o   wast e   o f a  la r ge  fr ac t io n o f t he  
co nt r ibu t io n to  t he  na t io n’s  fo o d 
supp ly ( As iedu  and  Va n Gas t e l,  2001 ;  
FAO,  2004) .  

Udo h e t  al . ,  ( 2000)  c la ss i f ied  
s to r age  t echn iques  int o  t hr ee 
ca t egor ies  na me ly:  T r ad it io na l / lo ca l  
g r a ins  s t o r age  ( LS)  t echn iques  a t  fa r m 
and  do mes t ic  leve l  w h ic h inc ludes  
lo ca l c r ibs  a nd  r ho mbus ,  p la t fo r m,  
o pen f ie ld ,  roo f a nd  f ir ep lace ;  
I mpr o ved / se mi mo der n g r a ins  s to r age 
( SMS) t echn iques  a t  fa r m and  do mes t ic  
le ve l w h ic h a r e  t he  vent i la t ed  c r ib s ,  
impr o ved  r ho mbus ;  a nd  Br ick  b ins  a nd  
mo der n cent r a l ized  s to r age ( MS)  at  
co mmer c ia l  le ve l  w h ic h inc lude s  s i lo s  
and  war eho uses .  Fa r mer s  u sua l ly make  

use  o f s t o r age  t echn ique s  t ha t  a r e  mo s t  
su it ab le  t o  t hem a nd  t he ir  po cket  at  a  
po int  in  t ime  ( As iedu  e t  a l ,  2002) .  T he  
p ro b le ms o f g r a in  s t o r age  d if fe r  w ide ly  
t hro ugho ut  Nige r ia  a nd  depend  la r ge ly  
o n t he  c l ima t ic  co nd it io ns  o f t he  a r ea .  
T he  ma in o b jec t ives  o f g r a in  s to r age 
a r e  t o  ma int a in  qua l it y o f t he  p ro duce 
fo r  a  lo ng  pe r io d  o f t ime .  Ho wever ,  
app ro pr ia t e  ha r ves t ing ,  t r anspo r t at io n,  
s t o r age  and  mar ke t ing  fac i l it ie s  a r e  
r equ ir ed ,  a s  mo s t  food  co mmo d it ie s  a r e  
no t  pro cessed  p ro mpt ly int o  seco ndar y 
p ro duct s,  due  t o  lo w le ve l o f fo o d 
p ro cess ing  t echno lo gy in  N iger ia .  Lo ng  
t er m po st - ha r ves t  pro t ect io n o f s t o r ed 
g r a ins  aga ins t  pes t s  r ema ins  t he  
p r imar y co ns t r a int  t o  ma int enance  o f  
su f f ic ient  fo o d  supp l ie s  in  N iger ia .  
Mo der n met ho ds  o f fo o d  gr a in  
t r eat me nt  u s ing  insec t ic ides  a nd  
fu migant s  t o  check  po st  ha r ves t  lo sses  
du r ing  s to r age a r e  hig h ly e xpe ns ive  
( Whit e  and  Lee sc h,  1995) .  Apar t  fr o m 
be ing  e xpe ns ive ,  t hese  t r eat ment s  due  
to  t he ir  r e s idua l e f fec t s  a r e  t o xic  a nd  
co nt inuo us  app l ica t io ns  o f  suc h  
che mica ls  leads  t o  env ir o nment a l  
po l lu t io n a nd  hea lt h  haza r ds ,  bes ides  
deve lo p ing  r es is t ance  in  o r ga n is m 
( Subr ama ya m e t  a l ,  1995) .  T his  s t udy 
t he r e fo r e  a ssesses  t he  c ho ices  o f  
fa r mer s  in  so ut h- west  N ige r ia  fo r  po st  
ha r ves t  g r a in  s t o r age  t echn iques  a nd  
pes t ic ides  u se .  T he  r es t  o f t he  a r t ic le  is  
o r gan ised  as  fo l lo ws .  T he  next  sect io n  
d iscuses  t he  fr a mewo r k  fo r  whic h t he  
s t udy was  bas ed ,  wh i le  sec t io n t hr ee  
p r esent s  t he  mo de l a nd  desc r ibes  t he  
da t a t his  is  fo l lo wed  by t he  r e su lt s  in  
sec t io n fo u r  and  co nc lus io n in  sec t io n  
f ive .   
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2 .  Theoret i ca l  fra mework  
Rat io na l c ho ice  t heo r y,  a lso  kno wn 

as  cho ice  t heo r y o r  r at io na l ac t io n  
t heo r y is  t he  ma in t heo r et ica l pa r ad ig m 
in  t he  cu r r ent ly- do mina nt  scho o l o f  
mic r o eco no mics .  I t  is  a  fr a mewo r k  fo r  
under s t and ing  and  o ft en fo r ma l ly  
mo de l ing  so c ia l a nd  eco no mic  be ha v io r  
( Lawr ence  and  E as le y,  2008) .  Ra t io na l  
cho ice  t heo r y,  a t t empt s  t o  deduce  wha t  
w i l l  happe n whe n ind iv idua ls  a r e  faced  
w it h  a  s it ua t io n suc h as  fa r mer s  c ho ice  
o f po st  ha r ves t  ma nage ment  o f g r a ins .  
T he  t heo r y bo rro ws  fr o m eco no mics  t he  
a ssu mpt io n t ha t  a l l ind iv idua ls  a r e  
ra t iona l  ego i s t s.  Far mer s  a r e  a ssu med  
to  be  r at io na l in  t he ir  capac it y t o  
dev ise ,  choo se ,  and  put  into  pr act ice  
e f fec t ive  mea ns  t o  c lea r  ends  ( impr o ve  
s t andar d  o f l iv ing ,  inco me and  p r o f it  
ma x imiza t io n) ;  t he y a r e  ego is t s  
because  t he  e nds  in  ques t io n ge ner a l l y  
r e fe r  t o  t he  se l f- int e r es t  o f t ha t  
ind iv idua l.  Ra t io na l c ho ice  t heo r y uses  
a  spec if ic  a nd  na r r o w def in it io n  o f  
" r at io na l it y"  s imp ly t o  mea n t ha t  an  
ind iv idua l  such  as  a  fa r mer  ac t s  t o  
ba lance  co s t s  aga ins t  bene f it s  t o  a r r ive  
a t  act io n t ha t  max imizes  pe r so na l  
adva nt age  ( Milt o n,  1953) .  Qua l it a t ive  
cho ice  a na lys is  me t ho ds  a r e  u sed  to  
desc r ibe  and /o r  p r ed ic t  d isc r e t e  
cho ice s  o f dec is io n- maker s  o r  t o  
c la ss i fy  a  d isc r e t e  o ut co me  acco rd ing  
to  a  ho st  o f r eg r esso r s.  Fa r mer s  cho o se 
t he  a lt e r na t ive  t ha t  is  l ike ly t o  g ive  
t hem t he  g r ea t est  sat is fac t io n  in  t e r ms  
o f po st  ha r ves t  t echno lo g ies  ( Hea t h,  
1976 ;  Car l ing  1992 ;  Co le ma n,  1973) .  
Mo de ls  t ha t  r e ly  o n r at io na l c ho ice  
t heo r y o ft en ado pt  me t ho do lo g ica l  
ind iv idua l is m,  t he  a ssu mpt io n t ha t  
so c ia l  s it ua t io ns  o r  co l lec t ive  
be ha v io r s  a r e  t he  r e su lt  o f ind iv idua l  

ac t io ns  a lo ne ,  w it h  no  ro le  fo r  la r ge r  
in s t it u t io ns .  Cho ice  mo de ls  e s t ima t ed  
w il l  r e f lec t  t he  a  pr ior i  a ssu mpt io ns  o f  
t he  mo de le r  a s  t o  wha t  fac to r s  a f fec t  
t he  dec is io n p r o cess .  

Cho ice  mo de ls  a r e  deve lo ped  fr o m 
eco no mic  t heo r ie s  o f r ando m u t i l it y.  I n  
eco no mics ;  u t i l it y  means  t he  r ea l  o r  
fanc ied  ab i l it y o f a  goo d o r  se r v ice  t o  
sa t is fy  a  hu ma n want .  T he  co ncept  o f 
u t i l it y app l ie s  t o  bo t h s ing le - a t t r ibu t e  
and  mu lt i- a t t r ibu t e  a lt e r na t ive s .  T he  
fu nda me nt a l a ssu mpt io n in  u t i l it y  
t heo r y is  t ha t  t he  dec is io n maker  s uc h  
as  a  fa r mer  a lwa ys  cho o ses  t he  
a lt e r na t ive  fo r  wh ic h t he  expec t ed 
va lue  o f t he  u t i l it y  is  ma x imu m.  I f t ha t  
a ssu mpt io n  is  accep t ed ,  ut i l it y  t heo r y 
can be  used  to  p r ed ic t  o r  p r esc r ibe  t he  
cho ice  t ha t  t he  fa r mer  w il l  make ,  o r  
sho u ld  make ,  a mo ng  t he  a va i la b le  
a lt e r na t ives .  Fo r  t ha t  pur po se,  a  ut i l it y  
has  t o  be  ass igned  to  each o f t he  
po ss ib le  ( and  mut ua l ly  e xc lus ive )  
a lt e r na t ives .  T he  p r inc ip le  o f expec t ed  
u t i l it y max imiza t io n s t at e s  t hat  a  
r at io na l inves t o r  such as  a  fa r mer ,  
whe n faced  w it h  a  cho ice  a mo ng  a  se t  
o f co mpe t ing  feas ib le  inves t me nt  
a lt e r na t ives  l ike  c ho ice  o f  s to r age 
t echn iques ,  ac t s  t o  se lec t  an inves t me nt  
wh ich ma x imizes  h is  expec t ed  ut i l it y  
o f wea lt h .  E xpec t ed  ut i l it y t heo r y 
( E UT ),  fo r go t t en unt i l  Vo n Neu ma n  
and  Mo r gens t er n ( 1944) ,  has  bee n t he  
bas is  fo r  muc h dec is io n- mak ing  t heo r y.  
E UT assume s  t ha t  t he  p r e fe r ences  o f  
t he  dec is io n maker  co mp ly w it h  t he  
ax io ms o f o r der ing ,  co nt inu it y and  
indepe nde nce  ( St a r mer ,  2000) ,  and  t ha t  
t he r e  is  a  u t i l it y fu nc t io n U t ha t  
a ss ig ns  a  nu mer ica l  va lue  t o  each 
a lt e r na t ive  ( Har daker  et  a l . ,  1997) .  Fo r  
exa mp le ,  i f  Y  is  a  se t  o f c ho ice  o b jec t s  
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( t ype  o f s t o r age  t echn iques  a nd  
pes t ic ides  t o  u se )  and  a  f in it e  su bse t  D  
o f Y  r ep r esent s  a  dec is io n p r o b le m      
( i . e .  t he  fa r mer s ’  be ha v io r  is  desc r ibed  
by a  r ando m c ho ice  r u le  ρ  wh ic h  
ass ig ns  t o  each dec is io n p r o b le m a  
p ro bab i l it y d is t r ibu t io n o ver  feas ib le  
cho ice s) ,  t hen t he  p r o bab i l it y  t ha t  t he  
fa r mer  cho o ses  xD is  de no t ed  ( x) .  
A r ando m u t i l it y is  a  p ro bab i l it y  
measu r e  µ  o n so me  se t  o f u t i l it y  
fu nc t io ns  U   {u :  Y  → I R} .  T he  
r ando m c ho ice  r u le  ρ  max imiz es  t he  
r ando m u t i l it y  µ  i f  ( x)  is  equa l t o  
t he  µ  ( pro bab i l it y o f c ho o s ing  so me  
u t i l it y fu nc t io n u  t ha t  at t a ins  it s  
ma x imu m in  D  a t  x) .  A r ando m u t i l it y  
is  a  p r o bab i l it y  measu r e  de f ined  o n a n  
appro pr ia t e  a lge br a  o f U .   Let  M ( D,  u )  
deno t e  t he  ma x imize r s  o f u  in  t he  
cho ice  p r o b le m D ( t ype  o f s to r age 
t echn iques  and  pes t ic ides  t o  u se ) .  T ha t  
is ,  

 
M( D,  u)  =  {x   D  |  u  ·  x  ≥ u  ·  y   y   
D}  ……………………. ( 1)  
 
Whe n a  fa r mer  faces  t he  dec is io n  
p ro b le m D a nd  t he  u t i l it y fu nc t io n u  is  
r ea l ized  t hen t he  fa r mer  mus t  cho o se 
an e le me nt  in  M( D,  u ) .  Co nver se ly,  
whe n t he  cho ice  xD is  o bse r ved  t hen  
t he  fa r mer ’s  u t i l it y  fu nc t io n mus t  be  in  
t he  set :  
 
N  ( D ,  x) :=  {u    U  |  u  ·  x  ≥ u  ·  y   y   
D}  …………………….. ( 2)  
  

Cho ice  mo de ls  a r e  u sed  in  
ag r icu lt u r e  and  o t he r  f ie ld s  t o  
r ep r esent  t he  se lec t io n o f  o ne  a mo ng  a  
se t  o f mu t ua l ly  exc lus ive  a lt e r na t ive s .  
T he  ana lyt ica l  app r o aches  t hat  a r e 
co mmo nly u sed  in  a n ado pt io n dec is io n  

s t udy invo lv ing  c ho ices  a r e  t he  b ina r y 
lo g it  mo de l,  b ina r y p r o bit  mo de l,  
mu lt ino mia l  lo g it  ( MNL)  mo de l,  
mu lt ino mia l  p r o bit  ( MNP)  mo de l,  
nes t ed  lo g it  mo de l e t c .   I n  t hese  
mo de ls ,  t he  se t  o f a lt e r na t ive s  mus t  be  
exhaus t ive  ( i. e .  t he  se t  inc ludes  a l l  
po ss ib le  a lt e r na t ive s) ,  mu t ua l ly  
exc lu s ive  ( i. e .  cho o s ing  o ne  a lt e r na t ive  
mea ns  no t  choo s ing  a ny o t he r  
a lt e r na t ives )  a nd  f in it e  ( Hens her  e t  a l .  
2000) .   
S ince  t he  p io neer ing  wo r k by Dan ie l  
McFadden in  t he  1970s  and  1980s  
( McFadden,  1973 ,  1981,  1982,  1984 ;  
Haus ma n a nd  McFadde n,  1984)  d isc r e t e  
( mu lt ino mia l)  r e spo nse  mo de ls  ha ve  
beco me a n impo r t ant  t oo l o f emp ir ica l  
r e sea r cher  and  t hese  mo de ls  ha ve  bee n  
app l ied  in  ma ny a r eas  o f eco no mic s ,  
inc lud ing  ag r icu lt u r a l eco no mic s .   
P ro bit  mo d e l a nd  lo g it  mo de l ha ve  
bee n used  in  e mp ir ica l  s t ud ies  t o  
cap tu r e  t he  in f lue nce  o f so c io -  
eco no mic  va r ia b les  o n fa r mer s ’  
ado pt io n dec is io ns  ( Rahm a nd  Hu fma n,  
1984 ;  Ha i lu ,  1990 ;  Kebede  e t  a l . ,  
1990 ;  Ades ina ,  1996) .  I n  t hese  mo de ls ,  
fa r mer s  a r e  a ssu med  to  ma ke  ado pt io n  
dec is io ns  based  upo n a n o b jec t ive  o f  
u t i l it y  ma x imiza t io n.  On t he  o t he r  
ha nd ,  bo t h t he  mu lt ino mia l  lo g it  and /o r  
p ro b it  ana lyses  ha ve  been e xt ens ive ly  
used  in  so c ia l  r e sea r ch invo lv ing  mo r e  
t han t wo  dependent  va r ia b les  ( T es fa ye  
e t  a l . ,  2001 ;  St at  Mat h Cent e r ,  2003) .  
I t  has  a lso  bee n used  in  ag r icu lt u r a l  
p ro duct io n eco no mics  l it e r a t ur e  t o  
mo de l ac r eage  sha r e  cho ices  ( e . g . ,  
Caswe l l  a nd  Z i lbe r ma n 1985 ;  Bew le y  
e t  a l . ,  1987 ;  L ic ht enber g  1989 ;  Wu a nd  
Seger so n 1995) ,  c ro p dec is io ns  
( L iv ings t o n et  a l.  20 08)  o r  la nd  use  
dec is io ns  ( e . g . ,  Lubo wsk i e t  a l . ,  2006) .   
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Mabo udu  e t  a l . ,  ( 2000)  u sed 
mu lt ino mia l lo g it  ana lys is  mo de l t o  
a ssess  t he  co mbined  e f fec t  o f t hr ee  
k inds  o f va r iab les :  fa r mer s ’  so c io -
eco no mic  fac t o r s ,  t echno lo g y 
char ac t e r is t ic s  a nd  t he  fa r m spec i f ic  
fac to r s  o n t he  use  o f fo u r  t ypes  o f  
impr o ved  c la y s to r age.  I n  ano t he r  
r e sea r ch,  L ia  ( 1994)  made  use  o f t he  
mo de l t o  p r esent  pa r amet e r  e st ima t es  
r ep r esent ing  a l l  co nt r act s amo ng  fo u r  
ma jo r  cat egor ies  o f s t e r i l iza t io n a mo ng  
U. S. A whit e  wo men.  T hese  mo de ls  
ha ve  a lso  bee n e mp lo yed  in  c l ima t e  
cha nge  s t ud ies  because  o f co ncep t ua l  
s imi la r it ie s  w it h  ag r icu lt u r a l  
t echno lo gy ado pt io n s t ud ies .  Fo r  
exa mp le ,  Nhe mac hena  a nd  Hassa n  
( 2007)  emp lo yed  t he  mu lt iva r ia t e  
p ro b it  mo de l t o  ana lyze  fac to r s 
in f luenc ing  t he  cho ice  o f c l ima t e  
cha nge  adap t at io n o pt io ns .  
Kur uku la su r iya  a nd  Me nde lso hn  ( 2006)  
e mp lo yed  t he  mu lt ino mia l  lo g it  mo de l  
t o  see  i f  c r o p  cho ice  by fa r mer s  is  
c l ima t e  sens it ive .  S imi la r ly  Seo  and  
Mende lso hn ( 2006)  u sed t he  
mu lt ino mia l  lo g it  mo de l t o  ana lyze  
ho w l ives t o ck spec ie s  cho ice  is  c l ima t e  
sens it ive .  A lso  Der essa  e t  a l . ,  ( 2009)  
ado pted  t he  mu lt ino mia l lo g it  mo de l t o  
ana lyze  fac to r s  t hat  a f fec t  t he  cho ice  
o f adap t at io n met ho ds  in  t he  N i le  bas in  
o f E t hio p ia .  I n  t h is  s t udy t he  
mu lt ino mia l lo g it  mo de ls  wer e  
e mp lo yed  to  exa mine  t he  fac to r s 
a f fec t ing  t he  fa r mer s ’  dec is io n to  u se  a  
pa r t icu la r  s to r age  t echn ique  and  
pes t ic ide .   
 

 
 

3 .   M ethodo logy  Analy t i ca l  t echn ique 
and dat a 

 
3 . 1.  Em pi r i ca l  m odel  
 

T he  mu lt ino mia l  lo g it  mo de l  
( MNL)  is  impo r t ant  fo r  ana lyz ing  
fa r mer  adap t at io n dec is io ns .  T h is  
app ro ach is  a lso  app ro pr ia t e  fo r  
eva lua t ing  a lt e r na t ive  co mbina t io ns  o f  
adapt at io n s t r at eg ies ,  inc lud ing  
ind iv idua l  s t r at eg ies  ( Haus ma n and  
Wise ,  1978 ;  Wu a nd  Ba bco ck ,  1998) .  
Fu r t he r mo r e,  t he  mu lt ino mia l  lo g it  
mo de l is  su it ab le  fo r  a lt e r na t ive s  t ha t  
can be  u na mbiguo us ly de f ined .  
Mu lt ino mia l  lo g it  mo de l des c r ibes  t he  
be ha v io r  o f fa r mer s  whe n  t he y a r e  
faced  w it h  a  va r ie t y o f  c ho ice s  w it h  a  
co mmo n co nsu mpt io n o b jec t ive .  T he  
mo de l a ssu me s  t ha t  dat a  ar e  case  
spec if ic ;  t ha t  i s ,  each independe nt  
va r ia b le  has  a  s ing le  va lue  fo r  each  
case .   T he  cho ice  o f t he  mo de l was  
based  o n it s  a b i l it y t o  per fo r m be t t e r  
w it h  d isc r e t e  cho ice  s t ud ies  
( McFadden,  1974  and  Judge ,  e t  a l ,  
1985) .  T he  mu lt ino mia l  mo de l was  
used  to  exp r ess  t he  p ro bab i l it y o f a  
fa r m ho useho ld  head  be ing  in  a  
pa r t icu la r  ca t ego r y.  T he  imp l ic it  
t heo r et ica l u nder p inn ing  o f suc h  
mo de l ing  is  t he  a ssu mpt io n o f u t i l it y.   
Suppo se  an ind iv idua l  fa r mer ’s  u t i l it y  
a ft e r  ado pt ing  a  pa r t icu la r  s to r age 
t echno lo gy ( e . g .  lo ca l s t o r age  et c )  fo r  
a  g ive n vec to r  o f eco no mic ,  so c ia l,  a nd  
phys ica l fac to r s  ( X )  is  de no t ed  by U ij  
( X ) .  T hen,  t he  p r e fe r ence  fo r  ado pt ing  
o r  no t  adopt ing  can  be  de f ined  a s  a  
l inea r  r e la t io ns h ip  g ive n by:  
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U i j ( X)  =  γ j  X i j  +  e i j  … ( 3)  
Or  

Y i j  ( X)  = γ j  X i j  + e i j ……( 4)  
 
Wher e  U i j  deno t e t he  ut i l it y t ha t  t he  
fa r mer s  de r ive  by c ho o s ing  o ne  o f t he  
fo u r  o ut co mes  ( i. e .  j  i s  equa l e it he r  o f  
t he  fo l lo w ing  no  s to r age ;  lo ca l  s t o r age 
LS ;  se mi mo der n s t o r age SMS; and  
mo der n s t o r age  MS)  γ j  va r ie s  a nd  X i j  
r ema ins  co ns t ant  ac ro ss  a lt e r na t ives ;  
and  e i j  is  a  r ando m e r r o r  t er m 
r e f lec t ing  int r in s ica l l y  r ando m c ho ice  
be ha v io u r ,  measu r e me nt  o r  
spec if ica t io n e r ro r  and  uno bse r ved  
a t t r ibu t es  o f t he  a lt e r na t ive  o u t co mes .  
As su ming  t ha t  t he  qua l it a t ive  va r ia b le  
Y inde xes  t he  ado pt io n dec is io n,  t hen it  
w i l l  t ake  a  va lue  o f o ne  i f  t he  fa r mer  
ado pt s  a  pa r t icu la r  t echno lo gy a nd  ze r o  
o t he r wise .  T he  p ro bab i l it y  t ha t  a  g ive n  
fa r mer  w il l  u se  a  lo ca l  s t o r age 
t echn ique  fo r  exa mp le  ca n be  e xp r essed  
as  a  func t io n o f X  as :  

 

1 0,2,3

1 1 0,2,3 0,2,3

1 0,2,3 0,2,3 1

( 1) ( )
( )

{ ( ) }

( ) ( )

i i

i i i i

i i i i

P Y P U U
P X e X e

P X e e

P X F X

 

 

  

  

   

   

  

… (5)  

wher e  P i s  a  p r o bab i l it y  fu nc t io n,  ξ  =  
ε i o , 2 , 3  –  ε i 1  is  a  r ando m d is t u r bance  
t er m,    = ( 1 0,2,3i i  )  a  vec to r  o f 
unkno wn par a met e r s  whic h can be  
int e r p r et ed  as  t he  ne t  in f lue nce  o f t he  
vec to r  o f independe nt  va r ia b les  o n  
ado pt io n o f int e r c ro pp ing ,  and  F ( X )  
i s  t he  cumu la t ive  d is t r ibu t io n fu nc t io n  
fo r  ξ  eva lua t ed  at  X .   A lso  le t  P i j  ( j  =  
0 ,  1 ,  2 ,  3)  deno t e  t he  p ro bab i l it y  

a sso c ia t ed  wit h  t he  fo u r  cho ices ,  w it h  j  
=  0  i f  no ne  use  o f  s to r age  t echn ique ,  j  
=  1  i f  lo ca l s t o r age  is  u sed ,  j  =  2  i f  
se mi- mo der n s t o r age  is  u se  a nd  j  =  3  i f  
mo der n s to r age is  u sed .  Fo l lo w ing  
Babco ck  e t  a l . ,  ( 1995)  t he  p ro bab i l it y  
o f an ind iv idua l g r a in  fa r mer  ado pt ing  
e it he r  o f kno wn s to r age  t echno lo g y ( j  
wh ich  is  LS  =1 ;  SMS  =2 ;  a nd  MS =3) ,  
g ive n eco no mic ,  so c ia l,  a nd  phys ica l  
cha r ac t e r is t ic s  ( X )  is ,  P (J |X )  and  ca n  
be  spec if ied  by:  
 

         3
1

exp( )
1 exp( )

j i
ij

j j i

y X
P

y X




  

Fo r  j =  1 ,  2 ,  3  …………. ( 6 )  
 
wher e  P i j  is  t he  p r o bab i l it y  o f be ing  in  
each o f t he  gro up s 1 ,  2  and  3  
 

 0 3
1

1
1 exp( )i

j j i

P
y X




 Fo r  j =  0 …… ( 7 )  

 
wher e  P i o  is  t he  p r o bab i l it y o f be ing  in  
t he  r e fe r ence  g r o up  o r  g roup 0 .  

I n  p r act ice ,  when es t ima t ing  t he  
mo de l t he  co e ff ic ient s  o f t he  r e fe r ence  
g ro up  ar e  no r ma l ized  t o  zero  ( Madda la ,  
1990 ;  Gr eene ,  1993 ;  Kimhi ,  1994) .  
T h is  is  because  t he  p r o bab i l it ie s  fo r  a l l  
t he  cho ices  mus t  sum up  to  unit y  
( Gr eene ,  1993) .  Hence ,  fo r  4  cho ices  
o nly ( 4 - 1 )  d is t inc t  set s  o f pa r amet e r s  
can be  ide nt i f ied  a nd  es t ima t ed .  T he  
na t u r a l lo ga r it hms  o f t he  o dd  r at io  o f  
equat io ns  ( 6 )  and  ( 7 )  g ive  t he  
e s t ima t ing  equat io n ( Gr eene ,  1993)  a s :  
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 0

ln ij
j i

i

P
X

P


     ……( 8)  

T h is  deno t es  t he  r e la t ive  p r o bab i l it y  o f  
each o f g r o ups  1 ,  2  and  3  t o  t he  
p ro bab i l it y  o f  t he  r e fe r e nce  g r o up.  T he  
es t ima t ed  co e ff ic ient s  fo r  each cho ice  
t he r e fo r e r e f lec t  t he  e f fec t s  o f X i` s  o n 
t he  l ike l iho o d  o f t he  fa r mer s ’  c hoo s ing  
t hat  a lt e r na t ive  r e la t ive  t o  t he  
r e fe r ence  g r o up .  T his  app r o ach was  
a lso  used  to  det e r mine  t he  cho ice  o f  
ino r gan ic  pes t ic ides  ( no  use ;  Apr o n 
p lus  and  Pho s to x in w it h  no  use  be ing  
t he  r e fe r ence  g r o up  0) .  
 
Marg ina l  e f f ec t s  
 

Mar g ina l  e f fec t s  measu r e  t he  
expec t ed  change  in  p r o bab i l it y o f a  
pa r t icu la r  c ho ice  be ing  made  w it h  
r e spect  t o  a  unit  cha nge  in  a n  
exp la na t o r y va r iab le  ( Lo ng ,  1997 ;  
Gr eene ,  2000) .  Accor d ing  to  Gr eene  
( 1993) ,  by d if fe r ent ia t ing  equa t io ns  ( 6 )  
and  ( 7 ) ,  t he  pa r t ia l  de r iva t ives  o r  
mar g ina l e f fec t s  o f t he  mo de l o n t he  
p ro bab i l it ie s  a r e :  
 

  1[ ]j
j jk j j jk

j

P
P B P B

P 


 


 ……… ( 9)  

 
Whe n t he  mar g ina l  e f fec t s  o r  pa r t ia l  
de r iva t ives  a r e  o bt a ined  t he  de r iva t io n  
t echn iques  imp l ic it ly  ind ica t e  t ha t  
ne it he r  t he  s ign  no r  t he  magn it ude  o f  
t he  mar g ina l  e f fec t s  ne ed  bea r  a ny  
r e la t io nsh ip  t o  t he  s ign  o f t he  
co e ff ic ie nt s  u sed  in  o bt a in ing  t he m 
( Gr eene ,  1993) .  
 
 

3 . 2.  Em pi r i ca l  spec if i ca t ion  o f  
var iab les  

 
T he  depende nt  va r ia b le  in  t he  

e mp ir ica l e s t ima t io n fo r  t his  s t udy is  
t he  cho ice  o f a  fa r mer  u s ing  a  
pa r t icu la r  s t o r age  t echn iques  a nd /o r  
pes t ic ides .   Fo r  t he  pu rpo ses  o f t h is  
s t udy,  no n- use  o f s to r age  t echn iques  
and  no  use  o f  pes t ic ides  wer e  t aken as  
t he  base  ca t egor y r espec t ive ly.  T he  
cho ice  o f exp la na to r y va r ia b les  is  
d ic t at ed  by t heo r et ica l be ha v io r a l  
hypo t heses ,  e mp ir ica l  l it e r a t u r e  and  
da t a  ava i la b i l it y.  T he  e xp la na t o r y 
va r ia b les  co ns ide r ed  in  t h is  s t udy 
inc lude  qua nt it y o f g r a ins  ha r ves t ed ,  
p r ice  o f g r a ins ,  co st  o f pes t ic ide s ,  
cap it a l inves t ed ,  gender ,  age ,  
educat io n a nd  fa r ming  e xper ience  o f  
t he  r e spo ndent s .  T able  1  p r o vide s  t he  
po ss ib le  s ig ns  o f t he  co e ff ic ie nt  o f  
t hese  va r ia b les  a s  o bse r ved  fr o m 
var io us  st ud ies .   

Quant it y o f g r a ins  ha r ves t ed ,  
s t o r ed,  and  o r  co nsu med  as  we l l  a s  
t he ir  p r ice  a r e  impo r t ant  in  mo de l ing  a  
d isc r e t e  cho ice  invo lv ing  s to r age 
t echn iques .  Acco r d ing ,  Ber g  and  Ke nt  
( 1991)  when t he r e  a r e  s ign if ica nt  int e r -
seaso na l p r ice  va r ia t io ns ,  fa r mer s  o ft en  
s to r ed  fo r  specu la t ive  ga ins .  Wil l ia m e t  
a l  ( 1999)  suggest ed  t hat  it  is  adv isa b le  
t o  sto r e  when t he  po st  st o r age  va lue  
( r evenue)  exceeds  t he  t o t a l e xpenses  
incu r r ed  in  t he  s to r age  pro cess .  Soc ia l  
- eco no mic  fac to r s  such as  t he  in f lue nce  
o f age  o n cho ices  has  bee n mixed  in  
t he  l it e r a tu r e.  So me s t ud ies  fo und  t ha t  
age  had  no  in f luence  o n a  fa r mer ’s  
dec is io n  to  pa r t ic ipa t e  in  fo r es t  and  
so i l  a nd  wa t e r  manage me nt  ac t iv it ie s  
( T hacher  e t  a l . ,  1997 ;  An im,  1999 ;  
Zha ng  a nd  F l ick ,  2001 ;  Beke le  a nd  
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Dr ake ,  2003) .  Ot he r s ,  ho we ver ,  fo und  
t hat  age is  s ign i f ica nt ly a nd  nega t ive ly  
r e la t ed  t o  fa r mer s ’  c ho ice  t o  adopt  new 
t echno lo g ie s  ( Gou ld  e t  a l . ,  1989 ;  
Fea t he r s to ne  and  Goo dwin,  1993 ;  
Lapar  and  Pande ly,  1999 ;  Bur to n e t  a l . ,  
1999 ;  Do l isca  e t  a l . ,  2006 ;  Nya ngena ,  
2007 ;  An le y e t  a l . ,  2007) .  Var io us  
s t ud ies  ha ve  s ho wn t hat  gender  is  a n  
impo r t ant  va r ia b le  a f fec t ing  ado pt io n 
dec is io n a t  t he  fa r m leve l .  Fe ma le  
fa r mer s  ha ve  bee n fo und  to  be  mo r e 
l ike ly t o  adopt  na tu r a l r e so u r ce 
ma nage me nt  and  co nse r va t io n p r ac t ices  
( Newmar k  e t  a l . ,  1993 ;  Bu r to n e t  a l . ,  
1999 ;  Do l isca  e t  a l . ,  2006 ;  Bayar d  e t  
a l . ,  2007) .  E ducat io n and  fa r ming  
exper ie nce  o n t he  o t he r  hand  a r e  
impo r t ant  fac t o r s  in f lue nc ing  ado pt io n 
dec is io ns .  Sever a l s t ud ies  have  s ho wn  
t hat  impr o v ing  educa t io n a nd  
d isse mina t ing  kno w ledge  is  a n  
impo r t ant  po l ic y mea su r e  fo r  
s t imu la t ing  lo ca l  pa r t ic ipa t io n in  
va r io us  deve lo p me nt  and  na t u r a l  
r e sou r ce  ma nage ment  in it ia t ives  
( Bu lt ena  a nd  Ho ibe r g ,  1983 ;  Ander so n 
and  T ha mpa l la i,  1990 ;  Sh ie lds  e t  a l . ,  
1993 ;  He ine n,  1996 ;  Tr ao r é e t  a l . ,  
1998 ;  H ig ma n e t  a l . ,  1999 ;  An im,  
1999 ;  Lapar  and  Pande ly,  1999 ;  
G le nd inn ing  e t  a l . ,  2001 ;  Do l isca  e t  
a l . ,  2006 ;  An le y e t  a l . ,  2007 ;  T iza le  
2007) .  Bet t er  educat io n and  mo r e  
fa r ming  e xper ie nce  impr o ve  awar eness  
o f po t ent ia l  be ne f it s  a nd  w il l ing ne ss  t o  
pa r t ic ipa t e  in  lo ca l na t u r a l r e so u r ce 
ma nage me nt  and  co nse r va t io n  
ac t iv it ie s .  
 
 
 
 

Tab le  1 :   Def in i t i on  o f  variab les  
u sed  in  t he empiri ca l  ana lys i s  
 
Var ia b l
es  

Def in it io
n  

Measu r
e  

E xpec t e
d  s ig n  

QH Quant it y 
o f g r a ins  
ha r ves t ed  

Kilo g r a
m 

±  

PR P r ice  o f  
g r a ins  pe r  
kg  

Na ir a  ±  

GD Gender  o f 
t he  
r e spo nden
t s 

1  =  
ma le  
and  
 0  =  
fe ma le  

±  

AGE  Age  o f  
r e spo nden
t s 

Year s  ±  

E D E ducat io n
a l le ve l  
o f 
r e spo nden
t s 

Year s  ±  

FE  Far ming  
exper ie nc
e  o f 
r e spo nden
t s 

Year s  ±  

CP  Co st  o f 
pes t ic ides  

Na ir a  -  

CI  Cap it a l 
inve s t ed 

Na ir a  ±  

 
3 . 3.  Da ta  and descr ip t i ve s ta t i s t i c s  
 
T he  s t udy was  co nduc t ed  t he  Sout h 
wes t er n N iger ia  wh ic h co ns is t s  o f  
Lago s ,  Ogun,  Oyo ,  Osun,  Ondo  and  
E k it i  s t a t e s.  T he  a r ea  l ie s  be t ween  
lo ng it ude  2 0  31 1 and  E ast  6 0  00 1  and  
La t it ude  6 0  21 1  and  8 0  37 1 N ( Agbo o la ,  
1979)  wit h  a  t o t a l la nd  a r ea  o f 7 7 , 818 
k m2  a nd  a  p r o jec t ed  po pu la t io n o f 28 ,  
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767 ,  752  in  2002  ( NPC,  2010) .  T he  
c l ima t e  o f So ut hwest  N ige r ia  is  
t ro p ica l in  na t u r e  and  it  i s  cha r ac t e r ize  
by we t  and  d r y seaso ns .  T he  
t emper a tu r e r anges  be t ween 21 and  
34 while  t he  a nnua l  r a in fa l l  r a nges  
be t ween 1500mm a nd  3000 mm.  T he  
vege t at io n in  Sout hwes t  N ige r ia  is  
made  up  o f fr e sh wa t e r  swamp and  
ma ngr o ve  fo r est  at  t he  be lt ,  t he  lo w 
la nd  in  fo r es t  st r et ches  in la nd  to  Ogun 
and  pa r t  o f Ondo  s t at e  whi le  seco ndar y 
fo r es t  is  t o wards  t he  no r t he r n bo undar y 
wher e  de r ived  a nd  so u t he r n Savanna h  
ex is t  ( Agboo la ,  1979) .  T he  ma in  
o ccupat io n o f t he  peo p le  in  t he  a r ea  is  
fa r ming  w it h  so me  pe t t y  
ent r epr eneur sh ip  a nd  o ff ice  wo r ks .  
Da t a wer e  so ur ced  fro m a  t o t a l o f 192  
g r a in  c r o p  fa r mer s  who  wer e  r ando mly  
sa mp led  t hro ugh t he  mu lt i- s t age  
sa mp ling  appr o ach.  Oyo  and  Osun  
s t at e s  wer e  se lec t ed  o ut  o f t he  f ive  
s t at e s  o f so u t h wes t er n N iger ia  because  
t hey wer e  t he  ma jo r  g r a in  p r o duc ing  
s t at e s  in  t he  zo ne .  T wo  ag r icu lt u r a l  
zo nes  each was  r a ndo mly se lec t ed  fr o m 
t he  t wo  st at e s  o ut  o f wh ich s ixt een  
v i l lages  ( e ig ht  v i l lages  pe r  s t at e )  wer e 
la t e r  samp led .  Us ing  t he  fr a me  o f  
fa r mer s  o bt a ined  fr o m t he  zo na l o f f ices  
o f t he  Agr icu lt u r a l De ve lo p me nt  
P ro gr amme ( ADP)  o f bo t h s t at e s ,  
t we lve  fa r mer s  wer e  r ando mly s e lec t ed  
pe r  vi l lage  and  in fo r mat io n o n t ype  o f  
s to r age  t echn iques  a nd  pes t ic ide s  u se ,  
so c io - eco no mic  c ha r ac t er is t ic s ,  p r ice s ,  
t ype  and  quant it y o f g r a ins  cu lt iva t ed  
and  s t o r e,  e t c  wer e  o bt a ined  fr o m t he m 
w it h s t r uctu r ed su r vey in s t r ument .  

T he  c ha r ac t er is t ic s  o f fa r mer s  i n  
T ab le  2  s ho ws t hat  t he r e  wer e  mo r e 
ma le  g r a in  fa r mer s  t han fe ma le  fa r mer s  
in  so ut h- west ,  N ige r ia  a nd  a  la r ge  

p ro por t io n o f t hese  fa r mer s  wer e  in  
t he ir  p r o duct ive  yea r s  ( 31 - 50  yea r s ) .  
A lso ,  a  la r ge  pe r cent age  ( 30. 4%)  o f t he  
fa r mer s  had  no  fo r ma l  educa t io n wh i le  
a  la r ge  p r o por t io n ( 74 . 5%)  engaged  in  
fa r ming  as  ma jo r  o ccupat io n.  T he  
s to r age  t echn iques  used  in  t he  s t udy 
a r ea  inc lude  baske t s ,  bags ,  d r ums,  
impr o ved  r ho mbu s ,  r a ised  p la t fo r ms ,  
s i lo s  a nd  war eho use  s to r age  fac i l it ie s .  
Ho wever ,  fo l lo w ing  Udo h e t  al .  ( 2000) ,  
t he  s to r age  t echn iques  wer e  c la ss i f ied  
int o  t hr ee  cat egor ies  na me ly:  
T r ad it io na l/ lo ca l g r a ins  s to r age 
t echn iques  ( LS)  a t  fa r m a nd  ho useho ld  
le ve l  ( t hese  inc lude -  lo ca l  c r ibs  a nd  
r ho mbus ,  p la t fo r m,  o pen f ie ld ,  roo f and  
f i r ep lace ) ;  impr o ved  / se mi  mo der n  
g r a ins  s t o r age  t echn iques  ( SMS)  at  
fa r m a nd  ho useho ld  le ve l  ( t hese  
inc lude - ve nt i la t ed  c r ib s ,  impr o ved  
r ho mbus)  and  br ick  b ins  a nd  mo der n  
cent r a l ized  s to r age  ( MS)  at  co mmer c ia l  
le ve l ( t hese  inc lude -  s i lo s  and  
war eho uses) .  I t  was  o bse r ved  t ha t  lo ca l  
s t o r age  t echn iques  wer e  mo s t ly u sed  by  
fa r mer s  ( 39 .8%) .  T he  t ype  o f  
pes t ic ides  u s ed  wer e  ap ro n p lus  a nd  
pho sto x in w it h  a  t o t a l o f 133  fa r mer s  
u s ing  p ho sto x in.  Mo der at e ly  la r ge  
p ro por t io n ( 47. 7%)  o f fa r mer s  t ha t  
u sed  lo ca l s t o r age t echn iques  used  
pho sto x in t o  pro t ect  t he ir  g r a ins .  

  
4 .  Resu lt s  and di scuss ion  
 
4 . 1.   De term inan t s  of  choice  o f  g ra in 
s to rage  use  by  f arm ers  in  sou th - wes t ,  
N iger ia  
 

Var io us  fac t o r s  have  be ing  
mo de led  as  a f fec t ing  t he  c ho ice  o f  
s to r age  t echn iques  used  by fa r mer s .  
T hese  fac to r s  inc lu de  to t a l o f o ut put  
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ha r ves t ed ,  pr ice  o f g r a ins ,  gender ,  
educat io n,  yea r s  o f fa r ming  e xper ie nce  
and  cap it a l inves t ed .  T he  es t ima t ed  
co e ff ic ie nt s  and  t he  co r r espo nd ing  t -
r at io s  a s  we l l  a s  t he  mar g ina l  impac t s  
o f cha nges  in  t he  indepe ndent  va r ia b les  
o n t he  p ro bab i l it y  o f  fa r mer s  c hoo s ing  
to  u se  any o f t he  s to r age  t echn ique  a r e  
sho wn in  T ab le  3 .  T he  l ike l iho o d - r at io  
t e st  o f t he  hypo t hes is  t ha t  t he  
co e ff ic ie nt s  o f a l l  t he  e xp la na t o r y 
va r ia b les  a r e  ze ro  has  a  Ch i- squar ed  
va lue  o f 76 . 38  w it h  18  d . f. ,  suggest ing  
t hat  t he  e s t ima t ed  mo de l  is  h ig h ly  
s ig n if icant  a t  1%  le ve l  w it h  a  lo g  
l ike l iho o d  o f - 197. 628 t hus  ind ica t ing  
a  we l l  f it t ed  mo de l.  T he  t ab le  s ho ws 
t hat  t he  co e ff ic ie nt  o f quant it y o f  
g r a ins  ha r ves t ed  ( QH) was  po s it ive ly  
s ig n if icant  fo r  bo t h lo ca l a nd  se mi -
mo der n s t o r age  t echn iques .  T he  
mar g ina l  impac t s  o f t h is  sugges t s  t ha t  
a  1%  inc r ease  in  t he  quant it y o f g r a ins  
ha r ves t ed  w il l  inc r ease  fa r mer s  o dds  
( p ro bab i l it y)  o f u s ing  lo ca l o r  se mi-
mo der n s t o r age  t echn iques  by 0 . 01% .  
T h is  r e spo nse  ho wever ,  is  pe r fec t ly  
ine la s t ic  whe n  eva lua t ed  a t  t he  mea n  
va lue s  o f t he  indepe ndent  va r ia b le .   
S imi la r ly,  t he  co e ff ic ie nt  o f t he  
va r ia b le  o n yea r s  o f educa t io n (E D) 
was  po s it ive ly s ig n if ica nt  fo r  u se r s o f  

 
Tab le  2 :  Di s t ribut ion  o f  respondent s 
accord ing  t o  t hei r soc ioeconomics  
variab les  
 

Var ia b le  Fr equenc y Per cent age 
Gender     
Ma le  165 85 . 9  
Fe ma le  27  14 . 1  
   

Age   
15  – 30 14  7 . 3  
31  – 50 92  47 . 9  
51  – 70 78  40 . 6  
71  – 90 8  4 . 2  
Mean  50 . 1   
 
L eve l  o f  
educa t ion 

  

No  fo r ma l  
educat io n  

58  30 . 4  

P r imar y 
scho o l  

53  27 . 8  

Seco ndar y 
scho o l  

59  30 . 7  

Po st -
seco ndar y 
scho o l  

22  11 . 5  

Occupa t ion   
Fa r ming  143 74 . 5  
Ar t isa ns  43  22 . 4  
C iv i l 
se r v ice  

6  3 . 6  

Storage 
f ac i l i t i e s  

  

No n-  u se  69  36 . 1  
Lo ca l 
s t o r age 

76  39 . 8  

Semi-  
mo der n  

14  6 . 8  

Mo der n 33  17 . 3  
T ype  o f  inorgan ic 
pes t i c ides 

 

No n use 42  21 . 9  
Apr o n p lus  17  8 . 9  
Pho sto x in  133 69 . 3  
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lo ca l a nd  mo der n s t o r age  t echn ique s .  
T he  mar g ina l  impac t  o f t his  ind ica t es  
t hat  a  pe r cent age  inc r ease  in  t he  yea r s  
o f fa r mer s ’  educa t io n   is  l ike ly t o  
inc r ease  t he  o dds  o f u s ing  lo ca l  a nd  
mo der n s t o r age  t echn iques  by abo u t  
0 . 03%  and  0 . 04%  r espect ive ly by  
fa r mer s .  I n  t er ms  o f r e spo nse ,  t he  
ind ica t io n a r e  t ha t  t he  inc r ease  leads  t o  
le ss  t han p r o po r t io na t e  inc r ease  ( lo ca l,  
0 . 02  and  mo der n,  0 . 04)  in  t he  
p ro bab i l it y o f u s ing  lo ca l s t o r age  and  
mo der n s to r age  t echn iques .  T he  gender  
( GD)  co eff ic ie nt s  o f t he  t hr ee  s to r age 
t echn iques  wer e  a l l  po s it ive ly  
s ig n if icant .  T her e  wer e  ho wever ,  so me  
d if fe r ences  in  t he  magn it ude  o f t he  
mar g ina l  e f fec t  o f bo t h t he  lo ca l  
s t o r age  and  se mi- mo der n s to r age 
t echn ique  fr o m t ha t  o f t he  mo der n 
s to r age  t echn ique .  Whi le  mar g ina l  
impac t  o f t he  ge nder  va r ia b le  sugges t s  
a  an inc r ease  in  t he  o dds  o f fa r mer s  
u s ing  t he  t hr ee  t ypes  o f  s to r age 
t echn iques  fr o m a  pe r cent age inc r ease  
in  t he  nu mber  o f fa r mer s  ( e spec ia l l y  
ma le  fa r mer s )  cu lt iva t ing  g r a ins ,  t ha t  
o f mo der n t echn ique  was  muc h h igher  
( 0 .21%)  when  co mpar ed  w it h  t he  0 . 03% 
o f bo t h lo ca l a nd  se mi- mo der n s to r age 
t echn iques .  I n  a l l  t he  r e spo nses  o f  
fa r mer s  t o  t h is  c ha nges  wa s  o bse r ved  
to  be  e la s t ic  w he n eva lua t ed  at  t he  
mea n va lue s  o f t he  independe nt  
va r ia b le .  Desp it e  t he  s ign i f ica nce  o f  
t he  e s t ima t ed  co e ff ic ie nt  o f cap it a l  
inve s t ed  va r ia b le  ( CI ) ,  it  s ig n if ica nce  
was  ho wever  nega t ive  w it h  r e spec t  t o  
t he  use  o f lo ca l s t o r age  t echn ique  a nd  
w it h  a  mar g ina l impac t  o f 0 . 10.  T h is  
sugges t ing  a  dec r ease  by 0 . 1%  t he  o dds 
o f u s ing  t he  t echn ique  by fa r mer s  fo r  
1%  inc r ease  in  cap it a l  inves t me nt .  T he  

fac t  i s  t ha t  any inc r ease  in  cap it a l  
inve s t me nt  ma y fo r ce  fa r mer s  t o  
cha nge  t he ir  s t r uct ur e  o f p ro duct io n 
and  s t o r age  t echn iques  e it he r  
po s it ive ly o r  nega t ive ly.  Apar t  fr o m 
t he  po s it ive  s ig n if icance  o f t he  
co e ff ic ie nt  o f quant it y o f ha r ves t ed  
g r a ins ,  t he  co e ff ic ient  o f p r ice  va r ia b le  
( PR)  was  a lso  po s it ive ly s ig n if ica nt  fo r  
fa r mer s  u s ing  se mi- mo der n s to r age 
fac i l it y.  T he  mar g ina l  impac t  is  suc h  
t hat  suggest  a  0 . 02%  inc r ease  in  t he  
o dds  o f u s ing  se mi- mo der n s to r age 
t echn ique  by fa r mer s  fo r  eve r y 1%  
inc r ease  in  t he  p r ice  o f a  k i lo g r am o f  
g r a in .  Jus t  l ike  o t he r s ,  t he  r e spo nse  is  
a lso  ine las t ic  a s  ind ica t ed  by t he  
e la s t ic it y va lue  o f 0 .13 .  
 
 
4 . 2.  Determinant s  o f  cho ice  o f  
inorganic  pes t i c ide  use  by  f arm ers  in  
sou th - wes t ,  N iger ia  
 
I n  t h is  sec t io n,  fac t o r s  a f fec t ing  t he  
cho ice  o f ino r gan ic  pes t ic ides  u sed  by  
fa r mer s  t o  pr ese r ve  g r a ins  wer e  
ident i f ied .  Fr o m t he  pa r a met e r  
e s t ima t es  p r esent ed  in  T ab le  4 ,  t he  
l ike l iho o d -r at io  t e st  o f t he  hypo t hes is  
t hat  t he  co e ff ic ie nt s  o f a l l  t he  
exp la na t o r y va r iab les  a r e  ze r o  sho w a  
Ch i- squar ed  va lue  o f 231 . 79  wit h  d . f.  
18 ,  suggest ing  t ha t  t he  e st ima t ed  mo de l  
is  h ig h ly s ign i f ica nt  and  we l l  f it t ed 
w it h  a  lo g  l ike l iho o d  o f - 37. 9.  T he  
t able  a lso  so  sho w quant it y o f g r a ins  
ha r ves t ed ( QH),  co st  o f pes t ic ide  ( CP)  
and  co s t  o f inve s t me nt  ( CI)  a s  t he  ma in  
va r ia b les  de t e r min ing  t he  use  o f  
pes t ic ides  by fa r mer s  in  t he  s t udy a r ea .  
Wher eas  t he  co e ff ic ie nt  o f co s t  o f  
pes t ic ide  was  po s it ive ly s ig n if ic ant  fo r  
bo t h t he  use  o f  Apr o n p lus  a nd  
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Pho sto x in  pes t ic ides  by fa r mer s ,  t he  
co e ff ic ie nt  o f t o t a l o ut put  was 
po s it ive ly s ig n if ica nt  o nly fo r  t he  use  
o f it  Pho sto x in  pes t ic ide .  T he  
imp l ica t io ns  w it h  r e spec t  t o  t he  
mar g ina l e f fec t  is  t ha t  a  pe r cent age 
inc r ease  in  co s t  o f bo t h Apr o n p lus  a nd  
Pho sto x in pes t ic ide  is  l ike ly t o  
inc r ease  t he  p ro bab i l it y  o f u se  o f bo t h 
pes t ic ides  by fa r mer s  by abo u t  0 . 03% 
and  0 . 04%  r espect ive ly.  T he  r espo nse  
o f fa r mer s  t o  such inc r ease  is  ho wever  
ine la s t ic .  S imila r ly ,  t he  mar g ina l  e f fec t  
o f quant it y  o f ha r ve s t ed  g r a ins  
co e ff ic ie nt  suggest s  an inc r ease  in  t he  
p ro bab i l it y  o f u se  o f P ho s to xin  

pes t ic ide  by fa r mer s  by a bo u t  0 . 01% 
fo r  eve r y 1%  inc r ease  in  t o t a l o ut  w it h  
t he  r e spo nse  o f fa r mer s  be ing  ine las t ic .  
E st ima t ed  co e ff ic ie nt  o f cap it a l  
inve s t me nt  was  ho wever ,  nega t ive ly  
s ig n if icant  in  de t e r min ing  t he  use  o f  
bo t h Apr o n p lus  a nd  P ho s to xin  
pes t ic ides  by fa r mer s .  T he  mar g ina l  
e f fec t  imp l ica t io n is  t ha t  t he r e  is  l ike ly  
t o  be  a  dec r ease  in  t he  p r o bab i l it y  o f  
u se  o f bo t h t ypes  o f  pes t ic ides  by  
fa r mer s  by a bo ut  0 . 04%  if cap it a l  
inve s t me nt  inc r eases  by 1% .  Also  
fa r mer s ’  r e spo nse  t o  t his  c ha nge  is  
l ike ly t o  be  ine las t ic  a s  sugges t ed  by 
t he  e la s t ic it y va lue .   

 
T a b l e  3 :  P ar a me t e r  e s t i ma te s  o f  de te r mi n an t s  o f  c h o i c e  o f  f ar me r s  s t or a ge  t e c h ni q ue s   
 
V a r i a b l e  C o e f f i c i e n t  

e s t i m a t e  
S t a n d a r d  
e r r o r  

A s y m p t o t i
c  t - r a t i o  

E l a s t i c i t y  
a t  m e a n s  

S l o p e a  

L o c a l  S t o r a g e        
Q H  0 . 0 0 1 * * *  0 . 0 0 0  3 . 4 9 0  0 . 0 0  0 . 0 1  
P R  0 . 1 1 4  0 . 8 0 2  0 . 1 4 0  - 0 . 0 2  0 . 0 3  
E D  0 . 1 4 1 * * *  0 . 0 3 8  3 . 7 1 0  0 . 0 2  0 . 0 3  
F E   0 . 0 0 2  0 . 0 1 5  0 . 1 0 0  0 . 0 0  - 0 . 0 1  
G D  0 . 7 6 5 * * *  0 . 2 1 0  3 . 6 4 8  1 . 1 2  0 . 0 3  
C I  - 0 . 0 1 0 * * *  0 . 0 0 1  - 4 . 0 0 0  0 . 0 0  0 . 1 0  
C o n s t a n t   - 1 . 0 7 3  0 . 6 6 6  - 1 . 6 1 0    
S e m i  M o d e r n  S t o r a g e       
Q H  0 . 0 0 1 * *  0 . 0 0 0  2 . 4 3 0  0 . 0 0  0 . 0 1  
P R  2 . 4 1 3 * *  1 . 0 3 3  2 . 3 4 0  0 . 1 3  0 . 0 2  
E D  0 . 0 5 8  0 . 0 7 3  0 . 7 9 0  - 0 . 0 1  0 . 0 0  
F E   - 0 . 0 1 3  0 . 0 2 5  - 0 . 5 3 0  - 0 . 0 1  0 . 0 0  
G D  1 . 9 1 2 * * *  0 . 1 2 2  3 . 0 7 4  1 . 0 6  0 . 0 3  
C I  0 . 0 0 0  0 . 0 0 0  0 . 1 8 0  0 . 0 0  0 . 0 0  
C o n s t a n t   - 1 9 . 0 0 7  1 0 0 6 . 0 7 9  - 0 . 0 2 0    
M o d e r n  s t o r a g e        
Q H  0 . 0 0 0  0 . 0 0 0  1 . 5 3 0  0 . 0 0  0 . 0 0 0  
P R  - 0 . 1 4 2  0 . 9 9 2  - 0 . 1 4 0  - 0 . 0 6  - 0 . 0 4  
E D  0 . 1 0 0 * *  0 . 0 4 6  2 . 1 9 0  0 . 0 4  0 . 0 4  
F E   0 . 0 1 4  0 . 0 1 8  0 . 7 6 0  0 . 0 2  0 . 0 2  
G D  1 . 7 9 5 * * *  0 . 0 1  2 . 5 6 5  1 . 3 8  0 . 2 1  
C I  - 0 . 0 0 0  0 . 0 0 0  - 0 . 5 5 0  0 . 0 0  0 . 0 0  
C o n s t a n t   - 1 . 3 2 6  0 . 7 6 3  - 1 . 7 4 0    
N u m b e r  o f  o b s e r v a t i o n s   1 9 2      
L o g  l i k e l i h o o d   - 1 9 7 . 6 2 8      
L R  c h i 2 ( 1 8 )       7 6 . 3 8 * * *      
P s e u d o  R 2  0 . 1 6 2      
 
* * *  s i g n i f i c a n t  a t  0 . 0 1 %,  * *  s i g n i f i c a n t  a t  0 . 0 5 %.  *  s i g n i f i c a n t  a t  0 . 1 % .  
a  M a r g i n a l  e f f e c t s  e v a l u a t e d  a t  t h e  s a mp l e  m e a n s  
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Table  4 :  Paramet e r es t imat es  o f  de t erminant s  o f  farme rs’  cho ice  o f  u se  o f  

pest i c ides  

Var ia b le  Co eff ic ie
nt  
e s t ima t e  

St andar d  
e r ro r  

As ympto
t ic  t -
r at io  

E las t ic
it y a t  
mea ns  

Slo pe a  

Apr o n p lus        
QH 0 . 002 0 . 001 1 . 610 0 . 00 0 . 00 

PR - 1 .552 8 . 854 - 0 .180 - 0 .03 - 0 .04 

E D 0 . 340 0 . 305 1 . 110 - 0 .02 - 0 .02 

AGE    - 0 .157 0 . 131 - 1 .200 0 . 01 0 . 00 

FE   0 . 018 0 . 089 0 . 200 - 0 .01 - 0 .01 

CP  0 . 072** 0 . 030 2 . 440 0 . 00 0 . 03 

CI  - 0 .019* 0 . 010 - 1 .890 0 . 00 0 . 04 

Co ns t ant   - 5 .684 4 . 139 - 1 .370   
Pho sto x in       
QH 0 . 002* 0 . 001 1 . 690 0 . 00 0 . 01 

PR - 0 .785 8 . 720 - 0 .090 0 . 02 0 . 04 

E D 0 . 393 0 . 298 1 . 320 0 . 06 0 . 02 

AGE    - 0 .170 0 . 113 - 1 .500 - 0 .02 - 0 .01 

FE   0 . 044 0 . 067 0 . 650 0 . 01 0 . 01 

CP  0 . 066** 0 . 030 2 . 250 0 . 00 0 . 06 

CI  - 0 .020* 0 . 010 - 1 .960 0 . 00 0 . 04 

Co ns t ant   - 1 .339 3 . 304 - 0 .410   
Number  o f o bse r va t io ns   192     
Lo g l ike l iho o d   - 37. 982      
LR ch i2 ( 18 )       231 . 79**

*  
    

Pseudo  R2 0 . 753     
***  s ign i f i can t  a t  0 . 01%,  ** s ign i f i cant  a t  0 . 05% .  * s ign i f i can t  at  0 . 1% .  
a  M arg ina l  ef f ec t s eva luated  a t  t he sample  means  
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5 .  C on clu s io n   
 

T he  s t udy exa m in ed  t he  p o st  
har ves t  g r a in  ma nage me nt  cho ic e s  o f  
s t o ra ge  and  pes t ic id es  u se  o f fa r mer s  
in so ut h- west  Niger ia .  Fro m t he  
e mp ir ica l f ind ing s ,  it  co u ld  be  
c o nclud ed  t ha t  g ra in  fa r mer s  in  t he  
s t udy ar ea  a r e  mo s t ly  ma le  w hi l e  
mo st  o f  t he  fa r mer s  we re  in  t he ir  
p ro du ct ive  year s .  Fur t her mo r e ,  lo ca l  
s t o ra ge  t echno lo gy p r edo minat ed  t he  
s t udy ar ea  a nd  wa s use d by g r a in  
fa r me rs .  T he  s t udy e st ab l ish ed  t ha t  a  
la rge  p ro por t io n o f t he  fa r mer s  had  
no  fo r ma l educ a t io n w hi le  ino rga nic  
p est ic ide s  in t he  fo rm o f pho s t o x in  
w er e  mo st ly used  by  fa r mer s  i n  
so ut h- we st ,  Nige r ia  t o  pro t ect  
har ves t e d  g r a ins .  Fa c t o r s  w hic h  
s ig n if ic ant ly in f lue nc ing  fa r mer s ’  
c ho ice  o f s t o r age  t e chn iqu es  a nd  
p est ic ide s  use d  inc lud ed  q uant it y o f  
g ra ins  har ves t ed ,  co st  o f  pes t ic id e  
a nd  c o st  o f  inve st me nt ,  pr ic e  o f  
g ra ins ,  gend er  o f fa r mer s ,  edu ca t io n,  
c ap it a l inve st ed  a nd  c o st  o f  
p est ic ide s .  Fr o m h is t o ry,  pa st  
g o ver nme nt  po l ic y see ms  t o  ha ve  
c o nce nt ra t ed  mo r e  o n a sp e c t s  o f  
p ro du ct io n and  ma rk e t ing  p ro p er  a nd  
le ss  o n wha t  hap pens  in be t we en  
t he se  t wo  pro ce sses .  T he  need  t o  
s t o re  and  p r eser ve  fo od  w hic h ha s  
bee n har ves t e d  is  t her efo r e  as  
impo r t a nt  a s  it s  p rodu ct io n.  The  
fo l lo w ing  a re  de s ir ab le  ac t io ns  
r eco mme nded  t o  ensur e  a  per fec t  
p reser va t io n a nd  su pp ly o f g o o d 
q ual it y  g ra ins  a l l  ye ar  ro und ,  wit h  
t he  use  o f adeq uat e  a nd  appro pr ia t e  
s t o ra ge  t e chn iqu es  and  e f fic ie nt  use  
o f p est ic ide s .  T her e  is  ne ed  
t he re fo r e,  t o  incr ease  t he  
p ar t ic ip a t io n o f w o me n  in  g r a in  
p ro du ct io n in  t he  s tu dy ar ea .  
V ar io us s t ud ies  have  sho w n t ha t  
w o me n p la y a  ver y impo r t a nt  ro le  i n  

a g r ic u lt u r e  a nd  fo o d secur it y.  
T he refo r e  t her e  is  a  h igh  ne ed  t o  
e nco ur age  wo me n t o  par t ic ip a t e  t o  
e nsur e  ade quat e  fo od  supp ly.  
P ro vis io n  o f mo d er n s t o r age  
fac i l it ies  i s  h ig h ly  i mpo r t ant  in  t he  
s t u dy ar ea .  Th is  is  t o  r educ e  t he  
de pende nce  o f fa r mers  o n lo c a l  
s t o ra ge  fac i l it ie s  w hic h wa s  
do mina nt  in  t he  s t udy ar eas .  
Mugho gho  ( 1989) ,  Omo ruy i  e t  a l . ,  
( 1995)  and  T yler  (1 982) ,  o bse rve d  
t ha t  p ro duc e  st o r ed  under  t he  
t r ad it io na l  s yst e m usua l l y do  no t  
ke ep  lo ng  and  fa r me rs  u sua l l y su ffer  
g r ea t  lo s ses .  Cap it a l inves t e d  was  
fo und  t o  have  s ign i fic a nt l y 
in f luenc ed  t he  use  o f s t o r age  
fac i l it ies .  T h is  i mp l ies  t ha t  
G o ver nme nt  sho u ld  a ss is t  fa r me rs  b y 
g iv ing  t he m a cce ss  t o  lo ans a nd  
c red it s  wh ic h w i l l  in  no  sma l l  wa y 
e nsur e  inc re ase  in  p ro d uct io n o f  
g r a ins ,  adeq uat e  pr eser vat io n a nd  
t ime l y d is t r ibu t io n o f g ra ins .  
Ma jo r it y o f t he  fa r mer s  in  t he  s t ud y 
a rea  w er e  o bse rved  t o  use  ino r gan ic  
pe st ic ides  t o  p ro t ect  har ves t ed  g ra in  
c ro ps  bu t  t he  co st  o f t hese  pe st ic ide s  
ha ve  bee n fo u nd  to  de cr ease  t he  use .  
T he re ,  t her efo re  t he  need  t o  
e nco ur age  fa r mer s  t o  indu lg e  in t he  
use  o f o rg an ic  pe st ic ide s  w hic h  is  
les s  e xpe ns ive  a nd  w it h in  t he  r eac h  
o f fa r mer s .  T he re  is  a lso  t he  nee d  
fo r  t he  p ro v is io n  o f bas ic  adu lt  
e duca t io n fo r  fa r mer s  in  t he  a r ea  in  
o r der  t o  inc re ase  t he ir  l it e r ac y le ve l  
a nd  le ve l  o f  und er s t and ing  so me  
s t o ra ge  inst ru ct io ns  a nd  use  o f  
pe st ic ides .  
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