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ABSTRACT

A major o b je c t i v e  of the N a t i o n a l  Food P o l i c y  f o r  the 

government o f  Kenya i s  the a t ta inm ent  of  Househo ld  and N a t i o n a l  

food s e c u r i t y .  One of the methods recommended i s  th rough  land  use 

i n t e n s i f i c a t i o n  such as use o f  f e r t i l i z e r s  to  i n c r e a s e  crop 

y i e l d s .  However, p re v iou s  s t u d i e s  have shown tha t  f e r t i l i z e r  use 

in  maize p rod uc t ion  by sm a l lh o ld e r  fa rm ers  who form the bu lk  ( in  

terms o f  area  and p ro d u c t io n )  of maize p roducers  i s  sub -op t im a l .  

Th is  s t u d y  was thu s  fo rm u la ted  with the o b j e c t i v e s  of d e s c r i b i n g  

the f e r t i l i z e r  use p a t t e rn s  and i d e n t i f y i n g  the  major 

d e te rm inan t s  o f  f e r t i l i z e r  use  in K i s i i ,  Kakamega and T ra n s  Nzoia  

D i s t r i c t s  i n  Western Kenya.

Data  on f e r t i l i z e r  use were c o l l e c t e d  from a random sample 

o f  120 fa rm er s  u s ing  a p re - t e s t e d  s t r u c t u r e d  q u e s t i o n n a i r e  ove r  

the 1995 main maize p ro d u c t io n  season. The data c o l l e c t e d  were 

ana ly se d  by u se  o f  d e s c r i p t i v e  s t a t i s t i c s  t o  show the f e r t i l i z e r  

use p a t t e r n s  and f a c t o r s  r e s p o n s i b l e  f o r  i n t e r - f a r m  d i f f e r e n c e s  

and by r e g r e s s i o n  a n a l y s i s  to  e s t a b l i s h  the major de te rm inan ts  

of  f e r t i l i z e r  use.

The d e s c r i p t i v e  a n a l y s e s  r e s u l t s  i n d i c a t e d  tha t  f e r t i l i z e r  

use i n  maize v a r ie d  w i t h i n  the  three  d i s t r i c t s  s tud ie d  a c co rd in g  

to r e s o u r c e  base,  l i q u i d i t y  p o s i t i o n  o f  the fa rm ers ,  a cce s s  to  

e x te n s io n  s e r v i c e s  and markets.  The h i g h e s t  l e v e l  of f e r t i l i z e r  

n u t r i e n t  use was 87.3  kg/ha in Trans Nzo ia  D i s t r i c t  w h i le  the 

lowest  ave rage  was in  K i s i i  D i s t r i c t  e s t im ated  at 35 .5  kg/ha. The 

e st im ated  mean amount o f  n u t r i e n t  f e r t i l i z e r  use  in  Kakamega 

D i s t r i c t  was 5 4 .3  kg/ha. I t  was a l s o  reported  t h a t  in the  s t r i g a  

prone a re a s  n o ta b ly  Khw ise ro  and Mumias D i v i s i o n s  i n  Kakamega



IX
D i s t r i c t ,  the  weed impacts n e g a t i v e l y  on the rate of f e r t i l i z e r  

use and g row ing  of hybr id  maize.

Wh i le  i t  i s  w ide ly  acknowledged tha t  a v a i l a b i l i t y  of c r e d i t  

enhances the  l i q u i d i t y  p o s i t i o n  of fa rm ers  and hence in c re a se s  

the f a r m e r s ’ a b i l i t y  t o  purchase f e r t i l i z e r  and other 

complementary inpu t s ,  the s tud y  revea led  th a t  o f  the 120 farmers 

in te rv iew ed,  none o f  them got  i n s t i t u t i o n a l  c r e d i t  f o r  maize 

product ion  i n  1995. Thus, i t  was not p o s s i b l e  t o  determine the 

e f f e c t  o f  fo rm a l  c r e d i t  on f e r t i l i z e r  use.

The r e s u l t s  o f  the r e g r e s s i o n  a n a l y s e s  i n d ic a te d  tha t  the 

f e r t i l i z e r  - maize p r ice  r a t i o  was the  o n l y  important determ inant  

of f e r t i l i z e r  use which cu t  a c ro s s  a l l  the three d i s t r i c t s ,  

though i t  was not h i g h l y  s i g n i f i c a n t  in  T ran s  Nzo ia  D i s t r i c t .  The 

study found a s t ro n g  l i n e a r  r e l a t i o n s h i p  between f e r t i l i z e r  use 

and t o t a l  farm s a l e s  i n  T ran s  Nzoia  d i s t r i c t ,  a commercial  maize 

dominant a rea .  The other  im portan t  de te rm inan t s  of f e r t i l i z e r  

use were use o f  FYM i n  K i s i i  D i s t r i c t ,  land s i z e  in  Kakamega 

D i s t r i c t ,  i n i t i a l  s o i l  f e r t i l i t y  i n  T ra n s -N z o ia  D i s t r i c t  and 

ex ten s ion  c o n ta c t  i n  K i s i i  and T ra n s -N zo ia  D i s t r i c t s .

Based on the above f i n d i n g s ,  i t  i s  recommended th a t  research  

should be i n t e n s i f i e d  in an e f f o r t  to c o n t r o l  s t r i g a  be fo re  any 

advances a re  made to fa rm ers  to use f e r t i l i z e r  i n  the a f fe c ted  

areas. I t  i s  f u r t h e r  recommended to the government to  s t reng then  

the a g r i c u l t u r a l  ex ten s ion  programme to en su re  th a t  the necessa ry  

in fo rm a t ion  on f e r t i l i z e r  use i s  a v a i l e d  to the fa rm ers  in time 

in  o rd e r  to i n c re a se  maize p roduct ion .  F i n a l l y ,  the AFC shou ld  

rev i se  i t s  c r e d i t  e l i g i b i l i t y  c r i t e r i a  which l i m i t s  f a r m e r s ’ 

access  to  f e r t i l i z e r  so a s  to  make c r e d i t  more a v a i l a b l e  to  

farmers. I t  i s  a n t i c ip a t e d  tha t  t h i s  w i l l  improve the l i q u i d i t y



X
i s  a n t i c i p a t e d  that  t h i s  w i l l  improve the l i q u i d i t y  p o s i t i o n  o f  

the fa rm ers  and h o p e fu l l y  i n c re a se  f e r t i l i z e r  use i n  maize 

p roduct ion .
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CHAPTER ONE

1.0 INTRODUCTION

T h i s  chapte r  c o n t a in s  the background i n fo rm a t io n  on 

importance o f  a g r i c u l t u r e  to  the economy of Kenya, the  ro le  

f e r t i l i z e r s  p la y  in enhanc ing  p roduc t ion  o f  maize, the  problem 

statement, o b j e c t i v e s  and hypotheses  o f  the  s tudy .  I t  a l s o  g i v e s  

an account  o f  the j u s t i f i c a t i o n  o f  the s t u d y  and o r g a n i s a t i o n  o f  

the t h e s i s .

1.1 Background information

A g r i c u l t u r e  forms the backbone of Kenya’ s economy. I t  

c o n t r i b u t e s  about  30 percent to  G ross  Domest ic  P roduct  and 

s u p p l i e s  a lm os t  a l l  the domest ic  food requ i rem ents .  B e s id e s ,  i t  

i s  a major s o u r c e  of  raw m a te r i a l s  f o r  t h e  domest ic  i n d u s t r i e s  

and a sou rce  o f  employment f o r  75 percent  of the t o t a l  labour  

force. The s e c t o r  i s  a l s o  expected to genera te  farm fam i ly  

incomes and s t im u la te  the  growth of p roduc t ive  o f f - f a rm  

a c t i v i t i e s  i n  the  r u r a l  a rea s ,  so tha t  o f f - f a r m  job s  can grow at  

the ra te  o f  between 3 .5  percent  and 5 pe rcen t  per year  (Kenya, 

1994a, 1994b).

Thus,  p r o v i s i o n  o f  food s e c u r i t y ,  g e n e ra t io n  o f  farm fam i ly  

incomes, employment c r e a t i o n ,  supp ly  of export  c rop s  to  earn 

fo re ign  exchange and growth o f  p roduc t ive  o f f - f a r m  a c t i v i t i e s  in  

ru ra l  a re a s  form the development g o a l s  f o r  a g r i c u l t u r e .  Seven 

commodities have been i d e n t i f i e d  as be ing  c e n t r a l  to  a c h ie v in g  

the development g o a l s  e s t a b l i s h e d  f o r  a g r i c u l t u r e .  C o f fee  and tea 

expans ion  i s  the  fou nda t ion  o f  growth o f  both a g r i c u l t u r a l  

incomes and e x p o r t s .  Maize,  wheat, m ilk  and meat p ro d u c t io n  must
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be adequate f o r  food s e c u r i t y .  Food s e c u r i t y  r e f e r s  to a c c e s s  to 

good and adequate food to a l l  people a t  a l l  t imes. H o r t i c u l t u r a l  

c rop s  w i l l  s e r ve  both g o a l s .  However, g i v e n  the r a p id  p o p u la t io n  

growth e st im ated  at 3 .34  percent  a n n u a l l y  and the  i n c r e a s i n g  

demand f o r  food, food s e c u r i t y  remains a key p r i o r i t y  in  the 

a g r i c u l t u r a l  s e c to r  (Kenya, 1994a). T h i s  th e re fo re  c a l l s  f o r  

a p p ro p r ia te  s t r a t e g i e s  of food p roduct ion  to  meet the  a n t i c i p a t e d  

demand f o r  food  i n  the near  fu tu re .  For i n s t a n c e ,  in  the year 

2000; n a t i o n a l  maize, wheat and potato  requ irements  are p ro jected  

at  3676,  401 and 737 thou sand  tonnes r e s p e c t i v e l y .  One o f  the 

s t r a t e g i e s  the government recommends i s  i n c re a se d  r e s e a r c h  in  the 

p rod uc t ion  of these  major food  crops.  Maize p rod uc t ion  i s  a major 

farm ing  a c t i v i t y  i n  medium and h igh p o t e n t i a l  r e g i o n s  o f  Kenya 

and the  crop i s  a s t a p le  food f o r  about 95 percent of the people. 

I t  a c co u n t s  f o r  more than 75 percent of  the  t o t a l  c e re a l  a rea  and 

over 60  percent  in  va lue  terms, of the t o t a l  c e r e a l s  marketed 

(Hassan et  a l ,  1994a).  Se v e n ty  f i v e  per cen t  of K e nya ’s maize i s  

produced by sm a l l  s c a le  fa rm er s  who c u l t i v a t e  about 85 percent 

of  the  t o t a l  land  area under maize, and account f o r  about 70 

percent of K e nya ’s p o p u la t io n  (Ongaro, 1988; Kenya, 1994a).  Th i s  

e x p l a i n s  the dominant p o s i t i o n  maize ho ld s  i n  Kenya ’ s a g r i c u l t u r e  

and i t s  ro le  both as a sou rce  of food and income to  the 

p roducers .  Research  i n  maize p roduc t ion  has th e re fo re  been g iven  

f i r s t  p r i o r i t y  among the food crops  (Kenya, 1994b).

In c r e a se  in  maize p rod uc t ion  can be ach ieved  by expans ion  

in area  under maize p ro d u c t io n  or th rough  in c r e a se  in y i e l d  or  

through a com bina t ion  o f  the two. Expans ion  o f  maize p rod uc t ion  

by i n c r e a s i n g  the area under p roduct ion  i s ,  however, l im i t e d
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because most o f  the a ra b le  land  has been u t i l i s e d .  I t  has been 

e st im ated  t h a t  even i f  a l l  i r r i g a b l e  land were put under 

p roduct ion ,  t o t a l  c rop  and d a i r y  land  c o u ld  be expanded by on ly  

10 percent  (Kenya, 1986). Some of the ways o f  e xp an s ion  in  area 

i n v o l v e d  maize p roduct ion  in  m arg ina l  a r e a s  where t r a d i t i o n a l l y  

maize d id  not have a com parat ive  advantage. In  these  a re a s ,  the 

p rod uc t ion  r i s k s  such as c rop  f a i l u r e  a re  q u i te  h igh .  Areas 

around Na iva sha  are a ca se  in po in t .  P roduc t ion  through 

i r r i g a t i o n  cou ld  be anothe r  opt ion  o f  e xpan s ion  o f  a rea  under 

maize. However, i n  h i s  s tud y  on " D i f f u s i o n  of maize h y b r id  in 

Western Kenya",  G erha r t  (1974) reported t h a t  i r r i g a t i o n  p o t e n t i a l  

i n  Western Kenya i s  very  l im i t e d  and i s  extremely  expens ive  

r u l i n g  out  t h i s  a l t e r n a t i v e  approach to  maize p roduc t ion .  

A l t e r n a t i v e l y ,  maize p ro d u c t io n  could  be in c re a se d  by enc roach ing  

on l a n d s  c u r r e n t l y  occup ied  by export  c ro p s .  But because these 

crops  a re  e s s e n t i a l  to  economic growth, t o  r i s i n g  farm incomes 

and to  f o r e i g n  exchange e a rn in g s ,  t h i s  approach would lead  to  

c o n f l i c t s  in  a g r i c u l t u r a l  development g o a l s .  T h i s  then leaves  

maize p ro d u c t io n  to be concent ra ted  on the  e x i s t i n g  medium and 

h igh p o t e n t i a l  a reas.  Maize p rod uc t ion  in  1992 was e s t im ated  at  

about 2 . 2  m i l l i o n  tonnes and to  a t t a in  s e l f - s u f f i c i e n c y  i t  was 

est imated  t h a t  2 . 6  m i l l i o n  tonnes  was requ i red  by the ye a r  1996 

(Kenya, 1994a).  T h i s  r e q u i re d  an annual  growth of 2 . 5  percent  per 

annum.

Leav ing  ou t  in c re a se  o f  maize p rod uc t ion  th rough  area 

expans ion ,  lo n g - t e rm  growth in maize p ro d u c t io n  n e c e s s a r i l y  

depends on i n c re a se d  y i e l d s  from land a l r e a d y  under food  c rops.  

This  c ou ld  be ach ieved  th rough  use of hybr id  maize seed,
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in c re a se d  and e f f i c i e n t  use o f  f e r t i l i z e r s  and improvements in  

c u l t u r a l  p r a c t i c e s  (Kenya, 1994b).  However p r e v io u s  s t u d i e s  have 

shown t h a t  u se  o f  h yb r id  maize i s  q u i t e  h igh  u n l i k e  use of  

m inera l  f e r t i l i z e r s  among the p u rc h a sa b le  i n p u t s  o f  maize 

p roduc t ion  (Gerha rt ,  1975; Ongaro,  1988; Chege, 1992).  T h i s  then 

im p l i e s  tha t  in c re a se d  use o f  chemica l  f e r t i l i z e r s  and improved 

maize c u l t u r a l  p r a c t i c e s  such as t im e ly  p l a n t i n g ,  weeding, pest  

and d i s e a s e  c o n t r o l  remain as the o n l y  p o s s i b l e  ways of 

i n c r e a s i n g  maize y ie ld .

F e r t i l i z e r s  are the most dominant p u rc h a sa b le  farm input  

used in  Kenya (Kenya, 1989). F e r t i l i z e r  use p a t t e rn s  in  Kenya are 

marked by a c o n c e n t ra t io n  on major ca sh  c r o p s  . For  i n s t a n c e ,  i n  

1982/83, c o f f e e ,  tea and sugarcane  accounted  f o r  about t w o - t h i r d s  

of t o t a l  f e r t i l i z e r  use wh i le  maize accounted  f o r  o n l y  19 percent 

(World Bank, 1986).  T h i s  t rend  has not changed even i n  recent 

years.  Ave rage  re tu rn s  to f e r t i l i z e r  use i s  h i g h e r  i n  c a sh  c rop s  

than in  food c ro p s  and t h i s  p a r t l y  e x p l a i n s  why more f e r t i l i z e r  

i s  used i n  c a sh  crops.  B e s id e s ,  cash crop fa rm ers  are p rov ide d  

inp u t s  such as f e r t i l i z e r s  i n  c o n t r a c t u a l  a rrangements  by the 

monopsonist  o f  the  r e s p e c t i v e  crop m arket ing  boards  ( e . g .  case 

of tea and su ga rcane ) .  There i s  a l s o  a c l e a r  d ive rgence  between 

la rge  and sm a l l  fa rm ers .  I t  i s  est imated  t h a t  l a r g e  fa rm s  and 

e s ta te s  account  f o r  about 58 percent o f  the  t o t a l  f e r t i l i z e r  

consumption, a lthough  i t s  sha re  o f  t o t a l  land under crop 

p roduct ion  i s  o n l y  30 percent.  Of the t o t a l  f e r t i l i z e r s  used  by 

small f a rm e r s ,  20 percent go i n t o  maize p ro d u c t io n  (World  Bank, 

1986).

A l l  f e r t i l i z e r s  used i n  Kenya a re  imported.  Table 1 shows
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the q u a n t i t i e s  ( tonnes)  and the va lue  ( K £ ’000) o f  the imported 

f e r t i l i z e r s  between 1982 and 1990. I t  i s  c l e a r  from the  t a b le  

that  the  s i n g l e  most important  f e r t i l i z e r  types  imported are the 

n i t r o g e n o u s  f e r t i l i z e r s .  P h o sp h a t ic  f e r t i l i z e r s  are the  second 

major c a te g o r y .  Tota l  consumption v a r i e d  g r e a t l y  over the years  

with no d i s c e r n i b l e  r e g u la r  p a t t e rn .  T h i s  p a r t l y  can be e xp la ined  

by the a v a i l a b i l i t y  o f  f o r e i g n  exchange. T h i s  i s  because i t  i s  

f o r e i g n  exchange a v a i l a b i l i t y  tha t  de te rm ine s  the e f f e c t i v e  

demand f o r  f e r t i l i z e r  a t  the n a t i o n a l  l e v e l .

Table 1: Fertilizer knports (quantity) in tonnes and value of imports (KE’OOO), 
1982-1990

Year
Im port s  in  tonnes Va lue  i n  K £ ’000

N P Other N P Other

1982 70808 28200 30600 7341 3855 15605
1983 72272 12780 65625 11857 1979 25087
1984 36339 2001 35996 6255 290 13893
1985 111532 10263 146302 16414 1756 52027
1986 120813 21496 176073 16090 2875 50014
1987 52681 4524 168780 7315 520 38959
1988 66173 22041 138064 13223 4965 49180
1989 50206 7500 244040 15711 1611 69407
1990 27100 4000 12051 5236 902 33276

Source: CBS, 1991.
where N and P r e f e r  to  N i t r o ge n o u s  and P ho sp ha t ic  f e r t i l i z e r s  
r e s p e c t i v e l y .

The f e r t i l i z e r  p r i c e  per  tonne v a r ie d  ove r  the yea r s .

Th is  was p a r t l y  due to  the chang ing  p a t t e rn s  of  the p r e v a i l i n g  

exchange r a t e s .  Du r in g  the pe r iod ,  1982-1990, the Kenya 

s h i l l i n g  had not been f l o a t e d  but was pegged to the d o l l a r  and 

hence p r i c e s  c ou ld  change based on the s t r e n g t h  o f  the Kenya 

S h i l l i n g  a s  compared to  the American D o l l a r .

The major types  o f  f e r t i l i z e r s  used on maize are 

Diammonium Phosphate (DAP), and Calcium Ammonium N i t r a t e
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(CAN). For  i n s ta n c e ,  M u r i t h i  and S h i l u l i  (1993) i n  a s t u d y  o f  

the e f f e c t  o f  l i b e r a l i s a t i o n  o f  f e r t i l i z e r  market ing  on 

f e r t i l i z e r  consumption  conducted in  Embu and Meru d i s t r i c t s  

found ou t  t h a t  DAP and CAN were the most popu la r  f e r t i l i z e r  

types stocked  by t r a d e r s  (Tab le  2).  F u r t h e r  a n a l y s i s  o f  the 

data i n d ic a t e d  that  the m a j o r i t y  o f  the t r a d e r s  (65.2  pe rcent )  

con s ide red  the demand f o r  the f e r t i l i z e r s  to be the main 

f a c t o r  i n f l u e n c i n g  the amounts and types  o f  f e r t i l i z e r s  

s t o c k e d .

Table 2: Type of fertlizer stocked by traders.

F e r t i l i z e r  type Percent  t r a d e r s  s e l l i n g  
(n=23)

DAP 100.0
CAN 52.2
20 :20 :10 43.5
20 :20 :10 21.7
F o l i a r 8.7
Others  (e .g .  17 :17 :17 ) 8.7

Source: Murithi and Shiluli, 1993.

Before  1990, f e r t i l i z e r  marketing was c o n t r o l l e d  by the 

government, which not o n l y  i s s u e d  l i c e n c e s  f o r  f e r t i l i z e r  

imports  but a l s o  f i x e d  p r i c e s  a t  the v a r i o u s  l e v e l s  i n  the 

marketing channe l .  However i n  1990, the government l i b e r a l i s e d  

the market ing  o f  f e r t i l i z e r s  i n  the c o un t ry .  T h i s  was expected 

to in c re a se  c o m p e t i t i v e n e s s  i n  the f e r t i l i z e r  market a s  more 

im porte rs  and r e t a i l  s u p p l i e r s  entered the  market. I t  was a l s o  

expected th a t  u n a v a i l a b i l i t y  o f  f e r t i l i z e r s  at  r u r a l  r e t a i l  

o u t l e t s  cou ld  be eased. However, the r a p id  d e v a lu a t i o n  o f  the 

Kenya S h i l l i n g  r e l a t i v e  to f o r e i g n  c u r r e n c i e s  r e s u l t e d  i n  h igh
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domest ic  p r i c e s  and a downward trend o f  f e r t i l i z e r  use was 

exper ienced  a f t e r  the f e r t i l i z e r  market l i b e r a l i s a t i o n  (Kenya, 

1994b).

1.2 The problem statement

The r o le  o f  f e r t i l i z e r  i n  i n c r e a s i n g  y i e ld  i n  maize 

c e t e r i s  p a r ib u s  has been observed  not o n l y  i n  Kenya but in  

o the r  c o u n t r i e s  a s  w e l l  (Shaw and D u ro s t ,  1965; Auer  and 

Heady, 1967; A l l a n ,  1971; and FURP, 1994).  However, s t u d i e s  by 

Ruigu and S c h u l t e r  (1990) i n d i c a t e d  tha t  the amounts o f  

chemica l  f e r t i l i z e r s  tha t  sm a l l  s c a le  fa rm er s  used on maize 

p roduc t ion  i n  Kenya were below l e v e l s  recommended by re sea rch  

cen t re s .  S i m i l a r  t re nd s  have a l s o  been observed  (Chege, 1992; 

FURP, 1994; Ongaro, 1988). The l e v e l s  o f  these  f e r t i l i z e r s  

app l ied  a l s o  v a ry  from re g io n  to reg ion  and year to  year.  For 

in s tance ,  i t  has been documented tha t  the h i g h e s t  l e v e l s  o f  

n i t ro ge n  and phosphorus  use a re  est imated a t  about 43 percent 

and 70 percent  r e s p e c t i v e l y  o f  the re se a rc h  s t a t i o n ’s 

recommendations f o r  T rans  N zo ia  D i s t r i c t  w h i le  the low es t  i s  

l e s s  than  5 pe rcen t  f o r  both n u t r i e n t s  f o r  Nyanza p rov in ce  

(Kenya, 1986; Chege, 1992).

Fu r the r ,  a s tudy  by the World Bank (World Bank, 1986) 

est imated t h a t  the d i f f e r e n c e  between the a c tu a l  amounts o f  

f e r t i l i z e r s  a p p l i e d  and those  recommended f o r  crop  p roduc t ion  

in  Kenya was 150,000  metr ic  tonnes.  The s t u d y  f u r t h e r  

estimated t h a t  100,000 m etr ic  tonnes o f  t h i s  f e r t i l i z e r  gap 

would be f i l l e d  by i n c r e a s i n g  f e r t i l i z e r  use i n  maize 

product ion.  T h i s  means th a t  the in c rea se  must be borne by the
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small  fa rm e r s  who form the b u lk  o f  the maize p roducers  but use 

low l e v e l s  o f  f e r t i l i z e r s .  However, f a c t o r s  tha t  determine low 

l e v e l s  o f  f e r t i l i z e r  use by these  fa rm er s  a re  not we l l  

documented. There fore ,  there i s  need to i d e n t i f y  the main 

de te rm inan ts  o f  f e r t i l i z e r  use on maize so  tha t  i t s  use by 

sm a l lh o ld e r  fa rm er s  who produce about 75 percent  o f  the t o t a l  

maize i n  Kenya (FURP, 1994) can be i n c r e a s e d  i n  o rd e r  to  

a t t a in  food s e l f  s u f f i c i e n c y .

1.3 Objectives and hypotheses of the study

The broad purpose o f  t h i s  s tudy  was t o  i d e n t i f y  the main 

de term inants  o f  f e r t i l i z e r  use on s m a l l h o l d e r  maize farms.  The 

s p e c i f i c  o b j e c t i v e s  were:

a) D e s c r ib e  the f e r t i l i z e r  use p a t t e rn s  by sm a l lh o ld e r  

maize fa rm e r s  in  Western  Kenya.

b) Determine the most im portan t  d e te rm in a n t s  o f  f e r t i l i z e r  

use in  maize i n  Western  Kenya.

c) Determine f a c t o r s  r e s p o n s i b l e  f o r  i n t e r - f a r m  d i f f e r e n c e s  

i n  f e r t i l i z e r  use i n  maize.

G e n e ra l l y ,  the hypothese s  o f  a s tud y  a re  a means by which 

the q u e s t i o n s  r a i s e d  i n  the s tud y  are answered and the 

o b je c t i v e s  o f  the  study  are r e a l i s e d .  The f o l l o w i n g  hypotheses  

'were te s te d  f o r  these purposes.

a) The rate  o f  a p p l i c a t i o n  o f  n u t r i e n t s  i s  not i n f l u e n c e d  

by t o t a l  farm s i z e .

b) L o c a t ion  doe s  not i n f l u e n c e  the rate  o f  n u t r i e n t  use.

c) Va lue  o f  t o t a l  farm s a l e s  does not i n f l u e n c e  the ra te  o f
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f e r t i l i z e r  use p o s i t i v e l y .

d) Presence  o f  o f f - f a rm  employment does  not i n f l u e n c e  the

ra te  o f  f e r t i l i z e r  use p o s i t i v e l y .

1.4 Justification of file study

The government o f  Kenya (Kenya, 1994a) emphasizes  tha t  

due to  the importance o f  maize as a major s ta p le  food, a l l  

e f f o r t s  shou ld  be made to ensu re  th a t  i t s  rate o f  p roduc t ion  

a t  l e a s t  keeps pace w ith  the rap id  i n c r e a s e  i n  p o p u la t io n  

growth e s t im ated  at 3 .34  pe rcent  a n n u a l l y ,  i f  food s e l f  

s u f f i c i e n c y  i s  to be ach ieved .  The s t r a t e g y  i s  to  concen t ra te  

re se a rc h  e f f o r t s  on the c ro p  and the p r i o r i t y  i s  g i v e n  to 

maize grown by smal l  s c a le  farmers.  One such area o f  re sea rch  

i s  on f e r t i l i z e r  use.

F e r t i l i z e r  Use Recommendation P r o j e c t  (FURP) showed that  

i f  o p t im a l  r a t e s  o f  f e r t i l i z e r  use are a p p l i e d  by farmers,  

maize y i e l d s  w i l l  i n c re a se  by 1400-2900 kg/ha from 4000 kg/ha 

in  K i s i i  D i s t r i c t ,  300-800  kg/ha from 2500 kg/ha i n  Kakamega 

D i s t r i c t  and about 2000 kg/ha from 4500 kg/ha in  Trans  Nzo ia  

D i s t r i c t  (FURP, 1994). FURP has thus  shown tha t  i n c r e a s e s  in  

f e r t i l i z e r  use can lead  to in c rea sed  food p roduc t ion  and hence 

food s e l f  s u f f i c i e n c y .  However, o n ly  a few d e s c r i p t i v e  

a n a l y s e s  on f e r t i l i z e r  use i n  Western Kenya are a v a i l a b l e .  No 

q u a n t i t a t i v e  s tu d y  has been c a r r i e d  out to  generate  

in fo rm a t io n  on de te rm inan ts  o f  f e r t i l i z e r  use per se i n  the 

area. Thus, t h i s  s tudy  aims a t  f i l l i n g  up t h i s  i n f o r m a t io n  gap 

by p r o v i d i n g  i n f o r m a t i o n  on the de te rm inan t s  tha t  i n f l u e n c e  

f e r t i l i z e r  use a t  farm l e v e l  which has been regarded as  s u b ­
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op t im a l .  The in fo rm a t io n  w i l l  be used to draw i n f e r e n c e s  

r e ga rd in g  a p p ro p r ia te  re sea rch ,  e x te n s io n  and c r e d i t  p o l i c y  

i n t e r v e n t i o n s  which w i l l  augment the use o f  f e r t i l i z e r s .

An i n c r e a s e  in  f e r t i l i z e r  use, c e t e r i s  p a r ib u s ,  w i l l  lead 

to i n c re a se d  a g r i c u l t u r a l  p r o d u c t i v i t y  w i t h  s e v e ra l  p o s i t i v e  

e f f e c t s .  F i r s t ,  achievement o f  food s e l f  s u f f i c i e n c y  w i l l  save 

the c o u n t r y  o f  f o r e i g n  exchange e a rn in g s  which cou ld  have been 

used f o r  food imports.  The f o r e i g n  exchange e a rn in g s  w i l l  

in s te ad  be used to  purchase goods  n e c e s s a r y  f o r  the 

development o f  the economy which cannot be purchased l o c a l l y .  

Second, the development o f  s m a l l h o ld e r  a g r i c u l t u r e  w i l l  lead  

to employment c r e a t i o n  i n  the r u r a l  a re a s  and hence an 

in c re a se  i n  r u r a l  incomes. The r i s i n g  farm incomes w i l l  

generate  demand f o r  many consumer goods,  some o f  which can be 

made i n  l o c a l  workshops,  and f o r  the c o n s t r u c t i o n  o f  hou s in g ,  

water s u p p l i e s  and o th e r  farm improvements. These developments  

which a re  e s s e n t i a l  to  a g r i c u l t u r e ,  w i l l  a l s o  prov ide  

o p p o r t u n i t i e s  f o r  r u r a l  e n t re p re n e u r s  and the s e l f  employed to 

create new job s  a t  s a t i s f a c t o r y  incomes. T h i s  in  t u rn  w i l l  a t  

l e a s t  d e c e le r a t e  r u ra l  urban m ig ra t ion .  H ig h  r a te s  o f  urban 

m ig ra t io n  have s t r a i n e d  the p h y s i c a l  and s o c i a l  f a c i l i t i e s  i n  

urban c e n t r e s  such as h o s p i t a l s ,  s c h o o l s  and hous ing  l e a d in g  

to i n c r e a se d  c r ime.  F i n a l l y ,  im prov ing  p r o d u c t i v i t y  o f  r u r a l  

a g r i c u l t u r e  w i l l  even out  the r e g io n a l  and pe r sona l  income 

d i s t r i b u t i o n s  which has been observed i n  Kenya (Kenya, 1994b).
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1.5 Organisation of the thesis

The t h e s i s  i s  o r g a n i s e d  i n t o  f i v e  p a r t s .  Chapter  one 

covers  the i n t r o d u c t i o n .  The i n t r o d u c t i o n  i n c l u d e s  background 

in fo rm at ion  about  the economy, recent f e r t i l i z e r  use t r e n d s  in  

Kenya, problem statement, o b j e c t i v e s  and hypothese s  to  be 

tested, j u s t i f i c a t i o n  f o r  the s tudy  and o r g a n i s a t i o n  o f  the 

t h e s i s .  Chapter  two c o n t a i n s  a rev iew  o f  t h e o r e t i c a l  a s p e c t s  

of f e r t i l i z e r  use and some r e le v a n t  e m p i r i c a l  work on the 

subject  both o u t s id e  Kenya and i n  Kenya. Chapter  three  g i v e s  

an account o f  the methodology used i n  the study. T h i s  i n c l u d e s  

the sou rce s  o f  data, area o f  study, data c o l l e c t i o n  

procedures, d a ta  a n a l y s i s  and o r g a n i s a t i o n .  Chapter  f o u r  

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

d i s c u s s i o n  o f  the major f i n d i n g s  o f  the s tudy .  Chapter  f i v e  

c on ta in s  a summary o f  the re sea rch  o b j e c t i v e s ,  methodology, 

r e s u l t s ,  c o n c l u s i o n s  and recommendations o f  the study.



12
CHAPTER TWO

2.0 LITERATURE REVIEW.

T h i s  cha p te r  rev iews t h e  theory  and e m p i r i c a l  work t h a t  has 

been done on f e r t i l i z e r  use. The rev iew  in te n d s  to p r o v id e  an 

und e rs tan d in g  o f  what has been done c o n c e rn in g  f e r t i l i z e r  use i n  

gene r a l .

2.1 Factors affecting fertlizer u se .

M in e r a l  f e r t i l i z e r s  a re  a pu rcha sab le  inpu t .  Ruthenburg  

(1985) po in ted  out t h a t  a t  farm l e v e l ,  t h i s  i s  t r a n s l a t e d  as a 

form o f  cash burden to the farmer.  F e r t i l i z e r  use d e c i s i o n s  are 

complex and a re  a f fe c ted  by many f a c t o r s .  He b road ly  grouped 

these f a c t o r s  i n t o  f o u r  s e t s ;  f i n a n c i a l ,  t e c h n i c a l ,  s u p p l y  and 

o ther  soc io -econom ic  f a c t o r s .

F i r s t ,  f i n a n c i a l  f a c t o r s  in c lud e  the p r i c e  of f e r t i l i z e r s ,  

p r ice  o f  ou tput  and c r e d i t  a v a i l a b i l i t y .  F o r  economical r a t i o n a l  

fa rmers,  f e r t i l i z e r  usage must be p r o f i t a b l e .  Lower f e r t i l i z e r  

p r i c e s  c ou ld  no rm a l ly  i n c r e a s e  f e r t i l i z e r  use u n le s s  the presence 

of c e r t a i n  c o n s t r a i n t s  p r o h i b i t  such i n c re a se .  Some o f  the 

suggested  ways of lower ing  p r i c e  of f e r t i l i z e r  in c lud e  o f f e r i n g  

d i r e c t  s u b s i d i e s  to  fa rmers  o r  i n d i r e c t l y  by s u b s i d i s i n g  c r e d i t  

to pu rchase  f e r t i l i z e r s ,  and i n c r e a s i n g  e f f i c i e n c y  in  

d i s t r i b u t i o n  o f  f e r t i l i z e r s .  An in c re a se  i n  output  p r i c e s  w i l l  

a l s o  make i t  p r o f i t a b l e  f o r  the farmer to  in c re a se  f e r t i l i z e r  

usage. However, la ck  o f  c r e d i t  i s  f r e q u e n t l y  mentioned by most 

farmers as a c o n s t r a in t  to  f e r t i l i z e r  use ( P i n s t r u p -  

A n d e r s o n , 1982). A cce s s  to  c r e d i t  by fa rm e r s  enhances t h e i r  

l i q u i d i t y  p o s i t i o n  and t h i s  in  tu rn  i n c r e a s e s  f e r t i l i z e r  usage.



However, a l a r g e  p rop o r t io n  of  fa rmers  who s ta te  tha t  la c k  of 

c r e d i t  i s  the reason f o r  not  u s ing ,  or  i n c r e a s i n g  the use of 

f e r t i l i z e r s  c ou ld  probab ly  not  u t i l i s e  i t  f o r  t h i s  purpose,  even 

i f  p rov ided .  P in s t ru p -A n d e r so n  (1980) and Ongaro (1988) po inted 

out t h a t  l a c k  of knowledge, r i s k  and u n c e r ta in t y ,  and 

u n w i l l i n g n e s s  to  r i s k  the consequences  o f  being unable t o  repay 

c r e d i t  from the  income generated  from the s a le  of maize are  some 

of the rea son s  why c r e d i t  i s  not sought  by farmers.  I n  Kenya, 

f e r t i l i z e r  p r i c e s  were l i b e r a l i s e d  s i n c e  1991 and maize p r i c e  

’/.ere l i b e r a l i s e d  in  1993. Thus, the p r i c e s  quoted at any one 

g iven t ime depend on the s u p p ly  and demand s i t u a t i o n  i n  the 

country  o f  e i t h e r  the f e r t i l i z e r  or maize r e s p e c t i v e l y .  On the 

other  hand, c r e d i t  cont inues  to  be a v a i l a b l e  to  e l i g i b l e  fa rmers  

from the  commercia l banks and A g r i c u l t u r a l  F inance C o rp o ra t io n  

(AFC).

Second, t e c h n ic a l  f a c t o r s  i n c l u d e  crop response  to  

f e r t i l i z e r  a p p l i c a t i o n  and f a r m e r s ’ knowledge of f e r t i l i z e r .  

Presence o f  crop v a r i e t i e s  tha t  are  f e r t i l i z e r  r e s p o n s i v e  

encourages f e r t i l i z e r  use among fa rm ers.  S i m i l a r l y ,  knowledge o f  

the r i g h t  k ind  and q u a n t i t y  o f  f e r t i l i z e r  to use, how and when 

i t  shou ld  be app l ied ,  i n f l u e n c e s  i t s  use.  Thus, to enhance 

f e r t i l i z e r  usage, adequate i n fo rm a t io n  shou ld  be a v a i l a b l e  to  

farmers on t y p e s  o f  f e r t i l i z e r s  requ ired,  optimum q u a n t i t i e s  to 

use and t im in g ,  placement etc. under v a r i o u s  c l im a t i c ,  

env ironmenta l,  economic and s o i l  c o n d i t i o n s .  In  Kenya, knowledge 

of the type and rate  o f  f e r t i l i z e r  usage i s  made a v a i l a b l e  by 

the a g r i c u l t u r a l  e x te n s ion  s t a f f  o r  th rough  pub l ic  media. Hybr id  

maize grown by most fa rm ers  in  Western Kenya are  f e r t i l i z e r  

r e s p o n s i v e .

13
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T h i rd ,  s u p p l y  f a c t o r s  i n v o l v e  m a in ly  a v a i l a b i l i t y  o f  the 

f e r t i l i z e r s  to  farmers.  U n a v a i l a b i l i t y  of f e r t i l i z e r s  t o  fa rm ers  

may be o cca s ion e d  by d i s r u p t i o n s  i n  n a t i o n a l  s u p p l i e s  (due t o  

fo re ign  exchange c o n s t r a i n t s  and/ o r  leng thy  procurement 

procedures)  o r  l o c a l  impediments such as p o o r l y  deve loped  and/ 

or i n e f f i c i e n t  d i s t r i b u t i o n  network. Long d i s t a n c e s  between 

d i s t r i b u t i o n  o u t l e t s  and d i f f i c u l t  t r a n s p o r t a t i o n  f a c i l i t i e s  make 

i t  d i f f i c u l t  o r  p r a c t i c a l l y  im p o s s ib l e  f o r  many fa rmers  t o  ob ta in  

the d e s i r e d  f e r t i l i z e r .  At t imes,  because o f  leng thy  procedures,  

even i f  the  f e r t i l i z e r  o u t l e t s  are w i t h i n  the reach of the smal l  

farmer, the f e r t i l i z e r  needed may a r r i v e  too  l a t e  i n  r e l a t i o n  to 

the c ropp in g  sea son  o r  the k in d  o f  f e r t i l i z e r  a v a i l a b l e  may not 

be that  which i s  needed. Thus,  f e r t i l i z e r  u n a v a i l a b i l i t y  can be 

a major c o n s t r a i n t  to  f e r t i l i z e r  use. A f t e r  the 1990 f e r t i l i z e r  

marketing l i b e r a l i s a t i o n ,  le n g th y  f e r t i l i z e r  procurement 

procedures have been eased and f e r t i l i z e r s  have presumably  been 

a v a i l a b le  a t  a l l  f e r t i l i z e r  market o u t l e t s  i n  the coun t ry .

F i n a l l y ,  soc io -econom ic  f a c t o r s  t h a t  i n f l u e n c e  f e r t i l i z e r  

use i n c lu d e  land  tenure  systems,  r i s k  and u n c e r t a in t y  of 

f e r t i l i z e r  u se.  In  f r e e h o ld  tenu re  sy s tem s,  f e r t i l i z e r  u se  tends 

to be l a r g e r  than  i n  c a se s  o f  tenant  / l a n d l o r d  and communal land 

tenure sy stems ( P i n s t r u p - A n d e r s o n , 1982; S h i l u l i ,  M.C., 1988).  

This i s  because fa rmers  have knowledge o f  r e s i d u a l  e f f e c t s  of 

f e r t i l i z e r s  a p p l i e d  now and hence are more w i l l i n g  to i n v e s t  in  

i t  i f  they  are  a s su red  of c u l t i v a t i n g  the same p iece of land  i n  

future ye a r s .  Thus,  c e t e r i s  p a r ib u s ,  land  reform p o l i c i e s  tha t  

re su l t  i n  a s h i f t  from tenancy  to ow nersh ip  ^  ^he farmer, would 

expand f e r t i l i z e r  use. Farmers in Western  Ke/ya, who have a
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f reeho ld  land tenure  system, c e t e r i s  p a r i b u s ,  are expected t o  use 

f e r t i l i z e r  to the maximum. The f r e e h o ld  te nu re  system a s s u r e s  the 

farmers o f  the  need to  m a in ta in  h igh  s o i l  f e r t i l i t y  i f  t hey  have 

to s u s t a i n  c rop  p roduc t ion  in  the f u t u re .  Farmers who a re  r i s k  

averse use l i t t l e  o r  no f e r t i l i z e r s  because o f  r i s k  and 

u n c e r t a in t i e s  i n  fa rm ing  which could  be due to  n a t u r a l  (weather, 

pest and d i s e a s e  i n c id e n c e )  o r  market f a c t o r s  ( f l u c t u a t i o n s  in  

pr ice o f  f e r t i l i z e r s  and o t h e r  input,  and product p r i c e s ) .

A c c o rd in g  t o  Ruthenberg (1985),  r i s k  a v e r s i o n ,  problems o f  

f e r t i l i z e r  and c r e d i t  a v a i l a b i l i t y  and p r i c e  o f  m ine ra l  

f e r t i l i z e r s  c e r t a i n l y  c o n t r i b u t e  to an e x p la n a t i o n  of the main 

f a c to r s  e x p l a i n i n g  s u b -o p t im a l  r a te s  p re sen t  and impending 

expans ion  o f  f e r t i l i z e r  use in  fu tu re .

W ith  o ve r  18 yea r s  exper ience  i n  over  40 c o u n t r i e s  

worldwide, the  Food and A g r i c u l t u r e  O r g a n i s a t i o n  (FAO) has shown 

that a t  farm l e v e l ,  c o n s t r a i n t s  to f e r t i l i z e r  use i n c lu d e  lack  

of knowledge o f  modern a g r i c u l t u r a l  t e c h n iq u e s ,  i n e f f e c t i v e n e s s  

of ex ten s ion  s t a f f ,  i n s u f f i c i e n t  c r e d i t  f a c i l i t i e s ,  inadequate  

supply  f a c i l i t i e s  and r e s t r i c t e d  p o s s i b i l i t i e s  o f  market ing  farm 

products  (FAO, 1985). FAO f u r t h e r  conc lud e s  tha t  once a demand 

has been c rea ted  in  a c e r t a i n  area f o r  f e r t i l i z e r ,  the in p u t  must 

be a v a i l a b l e  to  fa rmers  at the  r i g h t  time and p lace  in s u f f i c i e n t  

q u a n t i t i e s .

2.2 Empirical studies from outside Kenya

A c c o rd in g  to  Feder and O ’Mara (1981),  the Green R e v o lu t i o n  

technology  which  c o n s i s t s  o f  the use o f  h y b r id  seeds,  chemica l  

inputs  ( f e r t i l i z e r s ,  p e s t i c i d e s )  and s p e c i a l  p r a c t i c e s  i s  a
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te chno lo gy  t h a t  i s  d i v i s i b l e  and n e u t r a l  to  s c a le .  Thus one may 

expect tha t  a dop t ion  p a t t e r n s  w i l l  not be a f fe c te d  by farm s i ze .  

But f a c t s  from a number o f  r e g io n s  a c r o s s  the world  have shown 

that  the adop t ion  r a t e s  and the t ime p a t t e rn  of  adop t ion  are 

re la ted  to  farm s i z e .  One obv iou s  rea son  f o r  d i f f e r e n t i a l  

adopt ion  r a te s  in  many r e g i o n s  i s  the c r e d i t  c o n s t r a i n t .  Working 

c a p i t a l  requ irements  a s s o c i a t e d  w ith  the new t e c h n o lo g y  are 

s u b s t a n t i a l l y  h i g h e r  ( f e r t i l i z e r s ,  p e s t i c i d e s  and h y b r id  seeds 

are c a sh  i n p u t s ) .  For i n s t a n c e  s t u d i e s  o f  t h e  In d ia n  A g r i c u l t u r e  

by B h a l l a  as reported  i n  Feder  and O ’Mara (1981) reve a le d  tha t  

small  and l a r g e  fa rm ers  d i f f e r e d  in the re a so n s  o f f e re d  f o r  not 

us ing  f e r t i l i z e r s  in 1970 - 71 season. Lack  of c r e d i t  was the 

reason g i v e n  by 48 percent  o f  the sm a l l  s c a l e  fa rmers  but by o n ly  

6 per c e n t  of t h e  l a r ge  fa rm ers .  S i m i l a r l y ,  Gladwin in  1976 whi le  

working w ith  the Puebla P ro je c t ,  found out  t h a t  the d e c i s i o n  to 

inc rea se  f e r t i l i z e r  use, was l im i t e d  by l a c k  o f  c r e d i t .

S t u d i e s  i n  In d ia  by D e s a i  and S in gh  (1973)  have i n d ic a t e d  

that i r r i g a t i o n ,  area under commercial c r o p s ,  and sp read  of 

f e r t i l i z e r  r e s p o n s i v e  h ig h  y i e l d i n g  v a r i e t i e s  of c e r e a l s  a re  the 

main de te rm inan t s  of f e r t i l i z e r  consumpt ion  l e v e l s .  They 

a t t r ib u t e d  th e se  r e s u l t s  to d i f f e r e n c e s  i n  f a r m e r s ’ d e c i s i o n  

making.

Therefore,  they argued tha t  p rope r  u n d e r s ta n d in g  o f  the ob se rved  

patte rns  o f  f e r t i l i z e r  use  can emerge o n l y  by u n d e r s ta n d in g  the 

behaviour o f  the i n d i v i d u a l  fa rmers.

Timmer (1974)  work ing  on r i c e  focu sed  h i s  s tudy  on impact 

of r e l a t i v e  p r i c e s  on d e r i v e d  demand f o r  f e r t i l i z e r  w h i le  

c o n s id e r in g  o th e r  f a c t o r s  such as farm incomes, c a p i t a l  a s s e t s ,
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a c c e s s i b i l i t y  to markets,  banks  and t r a n sp o r t .  He grouped the 

de te rm inan ts  o f  f e r t i l i z e r  consumpt ion  i n t o  two c a t e g o r i e s ;  p r ice  

and n o n -p r i c e  f a c t o r s .  R e s u l t s  o f  h i s  s tud y  revea led  t h a t  p r ice  

p la y s  a major ro le  in  d e te rm in in g  the demand f o r  f e r t i l i z e r  than 

the n o n -p r i c e  f a c t o r s ,  such a s  land tenure  systems and farm s ize .

Salaam (1975)  s tud ie d  the  s o c i o  economic and i n s t i t u t i o n a l  

f a c t o r s  i n f l u e n c i n g  f e r t i l i z e r  use in  Punjab. U s in g  a farm 

management su rvey ,  he reve a le d  t h a t  the  rate o f  f e r t i l i z e r  

a p p l i c a t i o n  was h igh e r  on s m a l l  farms than  on medium and la rge  

farms though a p p l i c a t i o n  r a t e s  in  a l l  farm c a t e g o r ie s  were below 

the recommended l e v e l s .  Resource  c o n s t r a i n t s ,  h igh e r  p r i c e s  and 

la c k  o f  f e r t i l i z e r  s u p p l i e s  a t  the needed t ime were some of the 

major c o n s t r a i n t s .  He conc luded  th a t  the p r ice  o f  f e r t i l i z e r  

shou ld  be f i x e d  at l e v e l s  t h a t  guarantee reasonable  l e v e l s  of 

p r o f i t s  t o  the farmers  and i n s t i t u t i o n a l  c r e d i t  sou rc e s  need to 

be encouraged to  p rov ide  s h o r t  term loan s  f o r  the  purchase of 

f e r t i l i z e r  w h i l e  a cce s s  of sm a l l  fa rmers  to  i n s t i t u t i o n a l  c r e d i t  

shou ld  be made easy. Fu r th e r ,  when open ing  new f e r t i l i z e r  s a le s  

depots,  t h e i r  p ro x im i t y  to the consumption  cen t re s  and t h e i r  

a c c e s s i b i l i t y  by l i n k  roads shou ld  be taken in t o  c o n s id e r a t i o n .
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Roy and Seetharamn (1977)  fo rm u la ted  a r e p r e s e n t a t i v e  

comprehensive demand f u n c t i o n  f o r  f e r t i l i z e r  f o r  r i c e  as f o l l o w s :

Qat — ^ ( P y J  PfJ PxJ Y t - u  e )

whe r e :

Ct,t i s  f e r t i l i z e r  demand i n  per iod  t, 

py i s  the p r ice  o f  ou tp u t  i n  per iod  t,  

pr i s  the p r ice  o f  f e r t i l i z e r  i n  pe r iod  t, 

p* i s  the p r ice  o f  o t h e r  inp u t  i n  p e r io d  t  (e .g.  seed).  

Y t_, i s  the f a r m e r ’s income in the p re v io u s  pe r iod ,  t - 1 .

Ct i s  the c r e d i t  a v a i l a b i l i t y  in  per iod  t 

e i s  the f a r m e r s ’ e x p e c ta t io n  o f  the f u t u r e  p r i c e s  of

i n p u t  and ou tpu t  a s  we l l  a s  weather behav iou r .

Y t_, and e rep re sen t  the impact of the p a s t  and the f u tu re .

Based on t h i s  model, i t  was emphasized tha t  the  two most 

important v a r i a b l e s  were the p r i c e  of f e r t i l i z e r  and the p r i c e  

of the p roduct ,  s i n c e  f e r t i l i z e r  i s  not a f i n a l  consumer good but 

i t s  demand i s  de r ived .  T h i s  a n a l y s i s  was however based on the 

assumption  tha t  the f a r m e r s ’ o b j e c t i v e  i s  p r o f i t  m ax im iza t ion .  

P r o f i t  m ax im iza t ion  i s  not n e c e s s a r i l y  the o b je c t i v e  o f  sm a l l  

holder f a rm er s  (Roy, R.N. and Seetharaman, S .  1977). Food s e l f  

s u f f i c i e n c y  o r  r i s k  a v e r s i o n  c o u ld  be major o b je c t i v e s .

S in d h u  and Banaante (1979) est imated farm l e v e l  d.eman<i f o r  

f e r t i l i z e r ,  l a b o u r ,  and i r r i g a t i o n  water f o r  Mexican wheat ip 

India. They used a normal ized  p r o f i t  f u n c t i o n  by d i f f e r e n t i a t i n g  

the l a t t e r  w ith  re spec t  t o  re s p e c t i v e  norma l ized  f a c t o r  p r i c e s ,
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thus:

X x = 6nJ6  px ; I  =  N, K, L.

where X = the q u a n t i t y  o f  f a c t o r  I

n = p r o f i t

N = l a b o u r

K = chem ica l  f e r t i l i z e r

L = i r r i g a t i o n  water

Pi = p r i c e  o f  f a c t o r  I

U s in g  c r o s s - s e c t i o n  data  from a s t r a t i f i e d  random sample, 

the r e s u l t s  ob ta ined  i n d i c a t e d  tha t  o u tp u t  p r ice  i s  a more 

powerful p o l i c y  v a r i a b l e  than  f e r t i l i z e r  p r i c e  i n  i n f l u e n c i n g  

f e r t i l i z e r  u se.  Even when fa rmers  use f e r t i l i z e r s ,  great  

v a r i a t i o n s  o c cu r  in t h e i r  r a te s  of f e r t i l i z e r  a p p l i c a t i o n  

a cco rd in g  to ou tp u t  p r i c e s  rece ived.

The f o r e g o in g  conceptua l  and e m p i r i c a l  s t u d ie s  have shown 

that  the re  are many f a c t o r s  i n f l u e n c i n g  f e r t i l i z e r  use in  c rops.  

The major f a c t o r s  revea led  a re :  f a r m e r s ’ o b j e c t i v e ( s )  of fa rm ing,  

resource endowment ( land  s i z e ,  land tenu re  system and income), 

f e r t i l i z e r  s u p p ly ,  ex tent  of c o m m e rc ia l i s a t io n  in  the farm and 

i n s t i t u t i o n a l  a c c e s s  (markets,  c r e d i t  and e x t e n s i o n ) .  The f a c t o r s  

r e s p o n s ib le  f o r  f e r t i l i z e r  use  are, however, reg ion  s p e c i f i c  

depending on the farmer c i rcum stance s .  S in ce  the farmer 

c i rcum stance s  v a r y  from p lace  to p lace,  t h i s  s tudy attempted to 

i s o l a t e  f a c t o r s  tha t  are  r e s p o n s i b l e  f o r  f e r t i l i z e r  use in 

Western Kenya i n s t e a d  o f  adop t in g  f a c t o r s  i n f l u e n c i n g  f e r t i l i z e r  

use a s  observed  i n  o the r  r e g io n s .
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E m p i r i c a l  s t u d i e s  to  e x p l a i n  i n t e r - f a r m  v a r i a b i l i t y  in 

f e r t i l i z e r  use on farms by Dayanatha and Rakesh (1981) i n  In d ia  

cons idered  v a r i a t i o n s  in  average  rate of f e r t i l i z e r  a p p l i c a t i o n  

per farm. They p o s tu la te d  tha t  i n t e r - f a r m  v a r i a t i o n s  in  

f e r t i l i z e r  use a r i s e  from s o c i o - p s y c h o l o g i c a l  a t t r i b u t e s  of the 

farmers, p e rc e p t io n s  r e g a r d in g  p r o f i t a b i l i t y  of  f e r t i l i z e r  use, 

resource endowments, i n s t i t u t i o n a l  s e t t i n g  and a g r o - c l i m a t i c  

d i f f e re n c e s .  Dayanatha and Rakesh  used r e g r e s s i o n  a n a l y s i s  to  

determine f a c t o r s  t h a t  i n f l u e n c e  f e r t i l i z e r  use d e c i s i o n s .  

However, the a n a l y s i s  was done at two l e v e l s  em phas iz ing  i n t e r -  

farm v a r i a b i l i t y  in f e r t i l i z e r  use and i t  a l s o  t r i e d  to  

understand i n f l u e n c e s  o f  some p lo t  l e v e l  c h a r a c t e r i s t i c s  on 

f e r t i l i z e r  use. Farm l e v e l  a n a l y s i s  c o n s id e re d  on ly  fa rm e r s  who 

used f e r t i l i z e r s  whereas p l o t  l e v e l  a n a l y s i s  c o n s id e re d  on ly  

p lo t s  t h a t  were f e r t i l i s e d .  The e m p i r i c a l  r e s u l t s  revea led  tha t  

the ex ten t  o f  c o m m e rc ia l i z a t io n  and c r e d i t  showed some p o s i t i v e  

in f lu e n ce  on f e r t i l i z e r  use. R a i n f a l l  was found to  be an 

important determ inant  o f  d e c i s i o n s  re g a rd in g  ra te  as w e l l  as area 

f e r t i l i z e d .

T h i s  s tudy  w i l l  f o c u s  on farm l e v e l  a n a l y s i s .  I t  i s  at the 

farm l e v e l  t h a t  d e c i s i o n s  on f e r t i l i z e r  u se  p a t t e rn s  a re  made. 

I t  i s  a l s o  a t  t h i s  l e v e l  t h a t  responses  to p o l i c y  changes,  

investment and t e c h n o lo g i c a l  i n t e r v e n t i o n s  take  p lace.  Hence, new 

p o l i c i e s  and g u id e l i n e s  f o r  d e s ig n in g  more a p p ro p r ia te  

i n s t i t u t i o n a l  and t e c h n o l o g i c a l  s t r a t e g i e s  aimed at  i n c r e a s i n g  

f e r t i l i z e r  use can be fo rm u la ted  with the knowledge o f  t h e se  farm 

responses and c o n s t r a i n t s .

D u r in g  1985/86 a g r i c u l t u r a l  year, Jayanatha  and B e h ja t



c o l l e c t e d  data from 330 hou seho ld s  i n  E a s te rn  Zambia w ith  a view 

to und e r s tan d in g  the v a r i a t i o n s  tha t  c h a r a c t e r i s e d  the amount o f  

f e r t i l i z e r s  fa rm er s  used. Based on c r o s s - s e c t i o n  househo ld  data 

at s u b - n a t i o n a l  l e v e l ,  they used the a d o p t i o n - d i f f u s i o n  framework 

f o r  the  a n a l y s i s .  D i f f e r e n c e s  i n  f e r t i l i z e r  use between 

households  were examined in  r e l a t i o n  to soc io -econom ic ,  c u l t u r a l  

and s p e c i f i c  farm c h a r a c t e r i s t i c s .  P r i c e s  and o th e r  dynamic 

v a r i a b l e s  were not in c luded  i n  the model. The r e s u l t s  of the 

study i n d ic a t e d  tha t  the v a r i a b l e s  age, l i q u i d i t y ,  f e r t i l i z e r  

supply c r e d i t  and market a c c e s s  were s i g n i f i c a n t  in  a f f e c t i n g  

f e r t i l i z e r  use.  F a rm e r s ’ l i q u i d i t y ,  a c ce s s  t o  c r e d i t ,  and market 

i n f r a s t r u c t u r e , as w e l l  as f u n c t i o n i n g  d i s t r i b u t i o n  system, were 

a l s o  the major f a c t o r s  t h a t  a f fe c ted  the use o r  non use of 

f e r t i l i z e r  i n  any  p a r t i c u l a r  year.  The p r e d i c t i v e  power o f  the 

equat ion  e x p l a i n i n g  i n t e n s i t y  o f  use was v e ry  low (ad ju s ted  R2 = 

0.11).  Management p r a c t i c e s  and r e s i d u a l  f e r t i l i z e r s  a l s o  

a f fec ted  the q u a n t i t y  o f  f e r t i l i z e r s  used by farmers.  However, 

the e f f e c t  o f  these f a c t o r s  could not be captured by the 

household a n a l y s i s  because the data were p l o t  s p e c i f i c .

T h i s  s tudy  u n l i k e  the Zambian study, assumed tha t  fa rmers  

are aware of f e r t i l i z e r  use  but de lved  to i d e n t i f y  what 

determines the amount of  f e r t i l i z e r  fa rm ers  app ly  i n  t h e i r  

re spec t ive  maize f i e l d s .

Marfo and T r ip p  (1991) in  a s tudy  o f  "Maize  Technology 

D i f f u s i o n  i n  Ghana“ observed a sharp d e c l i n e  i n  f e r t i l i z e r  use 

in maize in  1990 a f t e r  a p r e v io u s  fou r  y e a r s ’ upward trend.  They 

conducted a s u r v e y  in  s i x  a reas  and obta ined  in f o rm a t io n  from 330 

randomly se le c te d  fa rmers.  U s in g  d e s c r i p t i v e  a n a l y s i s ,  the su rvey
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r e s u l t s  showed th a t  about 50 percent (165 fa rm er s )  had p re v io u s  

exper ience w ith  f e r t i l i z e r  use. Of those  who p r e v i o u s l y  used 

f e r t i l i z e r ,  117 d i d n ’t  app ly  f e r t i l i z e r  in  1990. When a sked  why 

they d i d n ’t use f e r t i l i z e r ,  53 percent c i t e d  l a c k  o f  cash o r  h igh  

f e r t i l i z e r  p r i c e ,  29 .9  percent  s a id  s o i l  was good and 7 .7  percent  

c ited  n o n - a v a i l a b i l i t y .  I t  was then conc luded  tha t  a l t hough  

farmers may be f a m i l i a r  with f e r t i l i z e r  u se ,  chang ing  economic 

c i rcum stance s  e .g .  un fa vou rab le  p r ice  change s  and s u p p l i e s  of 

f e r t i l i z e r  may hamper s i g n i f i c a n t  i n c r e a s e  in  f e r t i l i z e r  use. 

M a r fo ’s s tudy  u n l i k e  t h i s  s tud y  dea lt  w ith  fa rm er s  who grow maize 

as a major cash c rop  (about 70  percent  of the maize produced i s  

so ld ) .  I n  t h i s  s tudy  fa rmers  grow maize m a in ly  f o r  s u b s i s t e n c e  

except f o r  T ran s  Nzoia D i s t r i c t  and i n  Lu kuyan i  D i v i s i o n ,  

Kakamega D i s t r i c t .

D la m in i  (1993)  undertook  a s tudy  which sought  to i d e n t i f y  

and d i s c u s s  f a c t o r s  a s s o c i a t e d  with  the  adopt ion  o f  b a sa l  

f e r t i l i z e r  use by Swaz i  N a t io n  Land (SNL) fa rm ers  as a way of 

encourag ing  fa rm er s  on in c re a se d  inp u t  use and hence i n c r e a s e  

farm p r o d u c t i v i t y .  He conducted a f i e l d  su rvey  on 220  SNL 

randomly s e le c t e d  maize grow ing  farmers.  He con s id e red  output 

price, b a sa l  f e r t i l i z e r  p r i c e ,  farm s i z e ,  educat ion  l e v e l s ,  

p roduct ion  u n c e r t a in t y ,  r i s k ,  d raugh t  power ownersh ip ,  e x t e n s io n  

- worker c o n t a c t s ,  farm s a l e s  and fa m i ly  l a b o u r  supp ly  as f a c t o r s  

that i n f l u e n c e  b a s a l  f e r t i l i z e r  adopt ion.  He used the s t e p w ise  

r e g re s s io n  techn ique  f o r  data  a n a l y s i s .  E x te n s io n  - worker  

contacts ,  farm s a l e s  and f a m i l y  labour  s u p p l y  were the f a c t o r s  

that were found t o  s t a t i s t i c a l l y  in f lu e n c e  the adopt ion  o f  basa l  

f e r t i l i z e r  a t  10 per cent l e v e l  of s i g n i f i c a n c e .  Together,  ^he



three v a r i a b l e s  exp la ined  65  percent o f  the t o t a l  v a r i a t i o n  

observed  in  the adopt ion  o f  b a sa l  f e r t i l i z e r s  among the SNL 

farmers.  He concluded tha t  apa r t  from p r ic e s ,  a number of 

nonpr ice  f a c t o r s  seemed to  be o f  c o n s id e r a b le  importance in 

i n f l u e n c i n g  the  adopt ion  o f  modern te c h n o lo g y  by fa rm ers.  These 

nonpr ice  f a c t o r s  in c luded  a v a i l a b i l i t y  o f  e x te n s io n  s e r v i c e s  and 

adv ice,  the presence o f  ou tput  market s e r v i c e s  and a v a i l a b i l i t y  

or i n t e n s i t y  o f  f a m i l y  labou r .  He recommended that  the government 

should be more e f f e c t i v e  in  promoting b a s a l  f e r t i l i z e r  use by 

farmers by t a k i n g  these n o n -p r i c e  f a c t o r s  i n t o  account  in 

fo rm u la t in g  i t s  p o l i c i e s  and programs.

D l a m i n i ’s s tudy  l i k e  t h i s  study aimed at i d e n t i f y i n g  the 

de te rm inan ts  of  f e r t i l i z e r  use,  an im p o rtan t  input  n e c e s sa ry  in  

a c c e le r a t i n g  the  growth in food  p rod uc t ion .  However, D l a m i n i ’s 

study d i f f e r s  from the p re se n t  s tudy  i n  t h a t  the SNL fa rmers  

faced d i f f e r e n t  farmer c i rcum stance s  from the  farmers  in Western 

Kenya.

2.3 Empirical studies hi Kenya

S e v e r a l  s t u d i e s  in form o f  agronomic exper im ents  have been 

ca r r ied  out  in  Kenya on crop response  to  f e r t i l i z e r  use, l e v e l s  

of use and methods of a p p l i c a t i o n .  However, s t u d i e s  c o n s i d e r i n g  

both economic and non economic f a c t o r s  which in f l u e n c e  f e r t i l i z e r  

use at fa rm  l e v e l  have been in  the form o f  i s o l a t e d  su r v e y s  which 

are d e s c r i p t i v e  and o f f e r  no s t a t i s t i c a l  support  f o r  the 

d i r e c t i o n  and magnitude o f  the e f f e c t s  of  t h e se  f a c t o r s  (Baguma, 

1991; S h i l u l i ,  1992).  However, a few e m p i r i c a l  s t u d i e s  as 

documented here have been c a r r i e d  out.
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Mwangi (1978)  a n a l y s i n g  the farm l e v e l  demand r e s p o n se s  f o r  

f e r t i l i z e r  use in  Kenya i n d ic a t e d  tha t  l a c k  o f  cash,  l a c k  of 

f e r t i l i z e r  s u p p l i e s  at  the r e q u i re d  time, t r a n s p o r t  c o s t s ,  la ck  

of c r e d i t  and low l i t e r a c y  l e v e l  'were major c o n s t r a i n t s  in 

i n c r e a s i n g  f e r t i l i z e r  use i n  C e n t ra l  Kenya. U s in g  a l i n e a r  

programming model, he assumed tha t  fa rm ers  had p e r fe c t  knowledge 

of i n p u t  ou tpu t  p r i c e s  and techno logy .  T h i s  approach assumes 

idea l  farm c o n d i t i o n s  which are rare  i n  r e a l  l i f e .  T h i s  i s  

because maize fa rm er s  do not work under c o n t r a c t u a l  a rrangements  

and hence are u n c e r t a in  o f  i n p u t  and ou tpu t  p r i c e s ,  more so w ith  

the l i b e r a l i s a t i o n  of  both i n p u t s  and p roduc t  p r i c e s .  U n l ike  

Mwangi’ s s tudy,  t h i s  s tudy  moves away from a normat ive  s i t u a t i o n  

and ta ke s  on a p o s i t i v e  approach. The s t u d y  i n v e s t i g a t e d  the 

f e r t i l i z e r  use " a s  i s  w ith  f a rm e r s "  u n l i k e  "what i t  s h o u ld  be".

Ongaro (1988)  c a r r i e d  o u t  h i s  s tudy  in  Nandi  and K i s i i  

d i s t r i c t s  on " adopt ion  of new farm ing t e c h n o lo g y " .  The study  

among o th e r  t h i n g s  sought  to f i n d  out the c a u se s  of  maize y i e l d  

v a r i a t i o n  in 1983/84 in  the a rea .  The f a c t o r s  i n f l u e n c i n g  y i e l d  

which a l s o  impede the use of farm in p u t s  - e s p e c i a l l y  f e r t i l i z e r s  

were i d e n t i f i e d .  Out of the 257 sample fa rm e r s  i n t e r v ie w e d  in 

K i s i i  (127 fa rm s )  and Nand i  (130 fa rm s) ,  25 percent  (64 fa rms)  

did not a p p l y  chem ica l  f e r t i l i z e r s  to t h e i r  maize. In  o r d e r  to 

e s t a b l i s h  the d e te rm inan t s  o f  f e r t i l i z e r  use in  the sample farms, 

he used t o t a l  q u a n t i t y  o f  f e r t i l i z e r  a p p l ie d  on each farm a s  the 

dependent v a r i a b l e .  The independent v a r i a b l e s  he used in c lu d e d  

size o f  land  under  maize c rop,  o f f - f a rm  employment, a c c e s s  to 

c red i t  and e x t e n s io n  con tac t s .  The r e s u l t s  of  the  s tudy  i n d i c a t e d  

that the q u a n t i t y  o f  land  was found to have a p o s i t i v e  and
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s i g n i f i c a n t  e f f e c t  on f e r t i l i z e r  use at 10 percent l e v e l  of 

s i g n i f i c a n c e .  Access  t o  c r e d i t  and e x t e n s i o n  con tac t s ,  and o f f  

farm employment were found to  be s i g n i f i c a n t  a t  1 percent  and 10 

percent r e s p e c t i v e l y .  However, the s tudy  d id  not c o n s id e r  a l l  

a spec ts  o f  the determ inants  o f  f e r t i l i z e r  use such as f e r t i l i z e r  

cost,  and q u a l i t y  of land which were c o n s id e re d  in  the present  

study. Ongaro argued tha t  s in c e  fa rm ers  are  do ing  t h e i r  best 

g iven the  a v a i l a b l e  r e s o u r c e s ,  d e c i s i o n  makers shou ld  i n c re a se  

e f f o r t s  to improve e x te n s io n  co n ta c t s  and a cce s s  to c r e d i t .

M u t u r i  ( 1 9 89 ) ,  c a r r i e d  out a s tudy  i n  Murang’a d i s t r i c t  to 

i d e n t i f y  and q u a n t i f y  soc io -econom ic  f a c t o r s  tha t  a f f e c t  the use 

of f e r t i l i z e r s  by s m a l l h o ld e r  maize and co f fee  fa rmers.  He 

po s tu la te d  t h a t  h igh p r ice  of  f e r t i l i z e r  a f fe c te d  q u a n t i t y  

purchased by fa rm ers ,  and v i c e  ve r sa ,  t h a t  i s ,  w ith  a high 

p re v iou s  y e a r ’ s p roduct p r i c e  and c o n s t a n t  f e r t i l i z e r  p r ice ,  

there i s  an i n c e n t i v e  to  i n c re a se  f e r t i l i z e r  use. He used the 

p re v io u s  y e a r ’ s product p r i c e  in h i s  a n a l y s i s  and assumed that  

i t  was the one that  had in f lu e n c e  on the c u r r e n t  y e a r ’s 

f e r t i l i z e r  use.  Other f a c t o r s  he c o n s id e re d  were l i t e r a c y  le v e l  

of the fa rm ers ,  c r e d i t  a v a i l a b i l i t y  and e x te n s ion  s e r v i c e  to  

farmers.  M u t u r i  used r e g r e s s i o n  a n a l y s i s  t o  determine the  e f f e c t  

of these  f a c t o r s .  He s p e c i f i e d  the model a s  fo l l o w s :

Fq = C + P„ - Pf + praan + Ed + Ext + Cr + u.

Where Fq = Q u a n t i t y  o f  f e r t i l i z e r  n u t r i e n t s  on maize.

C = C on s tan t

Pm = P r i c e  o f  maize (p re v io u s  Se a so n )

Pr = P r i c e  o f  f e r t i l i z e r  ( cu r ren t  se a son )

Pman = P r i c e  of  manure
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Ed = Educat ion  l e v e l  o f  the farmer 

E x t  = e x te n s io n  s e r v i c e s  

C r  = C re d i t  

u = e r r o r  term.

The r e s u l t s  of the  a n a l y s i s  i n d i c a t e d  tha t  ou tput  p r i c e ,  

c re d i t  a v a i l a b i l i t y  and f e r t i l i z e r  p r i c e  'were s i g n i f i c a n t  

determ inants  o f  f e r t i l i z e r  use in maize. He f u r t h e r  ob se rved  tha t  

farmers who get  cash c r e d i t  d i d n ’t  use i t  to  purchase  f e r t i l i z e r .  

He t h e r e f o r e  recommended the  use of c r e d i t  in k ind.  I t  has 

however been observed i n  K e n ya ’s s u g a r b e l t  t h a t  when such 

f e r t i l i z e r s  are g iven ,  some fa rm ers  conve rt  i t  t o  ca sh  by s e l l i n g  

i t  to  meet o th e r  f a m i ly  cash o b l i g a t i o n s  e . g .  pay ing  s c h o o l  fee s  

for t h e i r  c h i l d r e n  (MOALD, 1986 ) .  M u t u r i ’s f i n d i n g s  may not be 

g e n e ra l i s e d  f o r  the whole c o u n t r y  because h i s  work was based on 

a sm a l l  sample o f  80 fa rm ers  from one d i v i s i o n .  The r e g io n  i s  

a lso  a major c o f f e e  growing r e g io n ,  where maize p rod uc t ion  i s  not 

a major f a rm ing  a c t i v i t y .  The re fo re ,  i t  i s  not r e p r e s e n t a t i v e  o f  

a major maize grow ing  re g io n .  T h i s  t h e r e f o r e  c a l l s  f o r  s i m i l a r  

s tu d ie s  i n  the count ry  where fa rmer  c i r c u m s ta n c e s  are d i f f e r e n t .  

This s t u d y  i s  a p o s i t i v e  response  to t h i s  c a l l .

The p re sen t  s tudy  i s  s p e c i f i c a l l y  an a n a l y s i s  of 

de te rm inan ts  o f  f e r t i l i z e r  use at farm l e v e l  in  Western  Kenya. 

S ince p r e v i o u s  s t u d i e s  on f e r t i l i z e r  use i n  maize have focu sed  

on re sp on se  o f  maize to f e r t i l i z e r  o r  the economics  of f e r t i l i z e r  

use i n  C e n t r a l  Kenya, i t  i s  hoped that  t h i s  s tud y  w i l l  c o n t r i b u t e  

towards a v a i l i n g  in fo rm a t io n  on f e r t i l i z e r  use i n  a major maize 

growing reg ion  i n  the c o u n t ry  dubbed "the  g r a n a r y  o f  Kenya".
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CHAPTER THREE

3.0 METHODOLOGY

The chapte r  g i v e s  a d e s c r i p t i o n  o f  the  data s o u r c e s ,  data 

co l lected,  an o ve rv ie w  o f  the s tud y  area i n  terms of i t s  c l im a te ,  

topography, s o i l  types  and p o p u la t io n  d e n s i t i e s .  I t  a l s o  g i v e s  

an account o f  the  data c o l l e c t i o n  p rocedure s ,  data a n a l y s i s  and 

o rgan i sa t ion .

3.1 Data Sources

Both secondary  and p r im ary  data were c o l l e c t e d .  Secondary 

in format ion  c o l l e c t e d  in c lu d e  those  on c l im a te ,  p o p u la t io n  and 

s o i l s  o f  the s tu d y  area. Secondary data were c o l l e c t e d  from 

several sou rce s  among them p u b l i c a t i o n s  from Kenya A g r i c u l t u r a l  

Research I n s t i t u t e  (KAR I ) ,  M i n i s t r y  o f  A g r i c u l t u r e ,  L i v e s t o c k  

Development and Marke t ing  (MOALDM) and p u b l i c  l i b r a r i e s .

Primary data 'were c o l l e c t e d  on :

a) Farmer and farm c h a r a c t e r i s t i c s :  farm s i z e ,  e n t e r p r i s e

patte rns,  farm c ropp ing  h i s t o r y ,  p rod uc t ion  f i g u r e s .

b) Resource c h a r a c t e r i s t i c s :  f e r t i l i z e r  use (kg/ha),  o f f - f a r m  

employment, income generated  from s a le  o f  farm produce.

c) I n s t i t u t i o n a l  access :  d i s t a n c e s  covered  to  nea re st

f e r t i l i z e r  and product markets,  d i s t a n c e  to the nea re st  

c r e d i t  i n s t i t u t i o n s ,  a c ce s s  to e x t e n s io n  c o n ta c t s  and 

p r i c e s  o f  maize and f e r t i l i z e r .

3.2 Area of study

The area covered  by the s tudy  in c lud e d  K i s i i ,  Kakamega and 

Trans-Nzoia  D i s t r i c t s .  The a rea  f a l l s  i n  the  M o i s t  T r a n s i t i o n a l
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maize zone which encompasses M o i s t  High T r o p i c s ,  M o i s t  Sub- 

T rop ic s  and D ry  High t r o p i c s .  The area v a r i e s  between 1400-2000  

m above sea l e v e l  and r e c e i v e s  between 500-1000  mm o f  r a in  

(March-August)  w ith  a mean tem perature  of 19.7° c (Hassan et a l ,

1994a).

Table 3: Some characteristics of the study area.

C h a r a c t e r i s t i c K i s i i Kakamega Trans
Nzoia

% maize coverage  area 
(1991) 20  - 40 20 - 40 20 - 40
A g r o - c l im a t i c  zone M o i s t  High M o i s t  Sub Dry H igh
(March r a i n s ) T r o p i c a l T r o p i c a l T r o p i c a l
P opu la t ion
(People/km2) 400 -800 100-400 100-400
Na tu ra l  f e r t i l i t y  of 
the predominant s o i l

moderate 
to  h igh low low

Land s i z e  (km2) 2196 3520 2495
Source: Hassan  e t  a l . , 1 9 9 2 ;  J a e t zo ld ,  R. and Schmidt,  H. Vo l  

I l a ,  1982 ; and V o l  l i b ,  1983

The r e g io n  e x p e r ie n c e s  b imodal r a i n f a l l  pa t te rn  and l a t e  

matur i ty  maize germplasm (600 s e r i e s )  are used by m a j o r i t y  o f  

the fa rm ers .  Tab le  3 shows some o f  the major f e a t u r e s  o f  the 

study a rea .  These f e a t u r e s  i n c lu d e  area o f  each d i s t r i c t ,  

average a rea  occup ied  by maize, p opu la t ion  d e n s i t y  and 

a g r o c l im a t ic  zones.  Together,  the s t a t i s t i c s  show the 

importance o f  maize in  the a rea .

3.3 Data collection procedures

Data c o l l e c t i o n  p rocedu re s  in c lu d e  sam p l ing  p rocedu re s  

and the methods o f  data c o l l e c t i o n .
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Sampling procedures

T h i s  s tudy  used the t h r e e - s t a g e  sampl ing  method to  

se lec t  the sample o f  fa rm ers  in te rv ie w e d  from a p o p u la t i o n  o f  

sm a l lho lde r  maize fa rmers  in  Western Kenya. S m a l l h o ld e r  maize 

growers were d e f ined  as  those  fa rmers  w ith  t o t a l  farm s i z e  o f  

not more than 8 ha and g row ing  maize.

First sampling stage: Th is  i n v o l v e d  s e l e c t i o n  o f  the d i s t r i c t s .

Based on the Maize Data Base (MDB) su rvey  r e p o r t  (Hassan e t  

al, 1994a),  K i s i i ,  Kakamega and Trans Nzo ia  D i s t r i c t s  were 

chosen f o r  the study.  The c ho ice  o f  these d i s t r i c t s  was gu ided 

by the f o l l o w in g  c o n s i d e r a t i o n s :

(a) D e n s i t y  o f  p opu la t ion :  K i s i i  i s  the most den se ly  

populated o f  a l l  the d i s t r i c t s  i n  r u r a l  Western Kenya 

(Ongaro, 1988),  w h i le  T ran s  Nzoia  i s  s p a r s e l y  populated.  

Kakamega’ s popu la t ion  d e n s i t y  i s  i n  between the two. Th is  

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

a g r i c u l t u r a l  land per household.  There i s  h igh e r  p re s su re  

on land use i n  h igh  popu la t ion  d e n s i t y  d i s t r i c t s  due to 

h i g h e r  s u b s i s t e n c e  requirements.  T h i s  i n  tu rn  l e a d s  to 

h igh  rate o f  n u t r i e n t  d e p le t i o n  due to  i n t e n s i v e  fa rm ing  

u n le s s  commensurate rep len ishm ent  o f  n u t r i e n t s  t a k e s  

p l a c e .

(b) The d i s t r i c t s  are among the major maize grow ing  r e g i o n s  

i n  the coun t ry .  Hyb r id  maize use e s p e c i a l l y  the H600 

s e r i e s  i s  h igh .  Because o f  the reported  h igh  rate o f  

h yb r id  maize use (Gerhart ,  1974) i t  was expected t h a t  

these  fa rm ers  were u s in g  f e r t i l i z e r  to  enhance the hybr id  

maize p r o d u c t i v i t y .
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(c) F e r t i l i z e r  use among maize fa rm er s  i n  Trans  Nzoia  

D i s t r i c t  has  been ob se rved  to be one o f  the h i g h e s t  i n  

Kenya. I t  was the re fo re  i n t e r e s t i n g  to  i n v e s t i g a t e  

whether the re  are any d i f f e r e n c e s  i n  the f a c t o r s  t h a t  

i n f l u e n c e  f e r t i l i z e r  use i n  T ran s  N zo ia  D i s t r i c t  a s  

compared w ith  a re a s  where f e r t i l i z e r  use was repor ted  to 

be low  such as  K i s i i  D i s t r i c t .

(d) The d i s t r i c t s  are i n  the same a g r o e c o l o g i c a l  zone (M o i s t  

T r a n s i t i o n a l ) .  The a g r o e c o l o g i c a l  zone accounted f o r  41 

percent  o f  the maize produced i n  Kenya i n  1991. D e sp i t e  

be ing  i n  the same a g r o e c o l o g i c a l  zone, i t  was pe rce ived  

t h a t  there cou ld  be v a r i a t i o n s  i n  t h e i r  fa rm ing  p r a c t i c e s  

and use o f  i n p u t s  such a s  f e r t i l i z e r  due to d i f f e r e n c e s  

i n  s u b s i s t e n c e  p re s su re  r e s u l t i n g  from d i f f e r e n c e s  i n  

p o p u la t io n  d e n s i t y  o r  d i f f e r e n c e s  due to  e x te n t  o f  

a g r i c u l t u r a l  c o m m e rc ia l i s a t io n  (Cash c ro p p in g  and 

D a i r y i n g ) .

Second sampling stage: T h i s  stage i n v o l v e d  s e l e c t i o n  o f  c l u s t e r s .

The procedure  adopted f o r  s e l e c t i o n  o f  s u r v e y  c l u s t e r s  from 

the se le c te d  d i s t r i c t s  u t i l i s e d  the sam p l in g  frame o f  the 

N a t iona l  Sample S u r v e y s  and E v a lu a t i o n  Programme I I I  (NASSEP 

I I I )  o f  the C e n t r a l  Bureau o f  S t a t i s t i c s  (CBS),  - M i n i s t r y  o f  

P lann ing  and N a t i o n a l  Development. T h i s  frame c o v e r s  a l l  

d i s t r i c t s  and urban cen t re s .  I t  has 36, 24 and 24 c l u s t e r s  in  

K i s i i ,  Kakamega and Trans  Nzoia  D i s t r i c t s ,  r e s p e c t i v e l y .  To 

ensure an even d i s t r i b u t i o n  o f  se le c te d  c l u s t e r s  a c r o s s  

d i s t r i c t s ,  s y s te m a t ic  random sampling  was used to s e l e c t  the 

c l u s t e r s .  Four c l u s t e r s  were se le c ted  f o r  each d i s t r i c t .  The
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se lected  c l u s t e r s  by d i s t r i c t  were:

K i s i i :  Keumbu, Nyamache, Nyachek i  and Ogembo.

Kakamega: Mumias, S h in y a lu ,  Khw isero  and Lukuyani.

Trans N zo ia :  Moto I& I I ,  Mateket,  S i r e n d e  and Kapomboi.

The sy s te m a t ic  random sampl ing  was used to capture  a s  

much v a r i a b i l i t y  tha t  may e x i s t  i n  each d i s t r i c t  r a th e r  than 

in t ra  s i t e  v a r i a b i l i t y ,  a s  l i t t l e  v a r i a t i o n  was expected 

w ith in  the c l u s t e r s .

Third sampling stage: In  t h i s  s t a g e  the fa rm er s  in te rv iew ed  were

se lected .  The sampling  frame used was th a t  o f  NASSEP I I I  f o r  

the s e le c te d  c l u s t e r s .  Each c l u s t e r  c o m p r i se s  o f  o ve r  100 

households.  The NASSEP I I I  samp l ing  frame l i s t s  the name o f  

the household  head, h i s  occupat ion ,  and o t h e r  data such a s  

those p e r t a i n i n g  to farm s i z e  and p ro d u c t io n  systems. The main 

reason f o r  sampl ing  from NASSEP I I I  c l u s t e r s  o the r  than any 

other  a l t e r n a t i v e  procedure was the f a c t  t h a t  NASSEP I I I  

p rov ide s  a l i s t i n g  of  l o c a t i o n s  and enumerat ion  a re a s  (EAs )  

and fa rm er s  w i t h i n  each enumeration area. Furthermore, a t  the 

time, i t  was con s ide red  tha t  NASSEP I I I  p rov ided  the most up- 

to-date  farmer l i s t i n g  i n  the country .

Fo r  each se le c ted  c l u s t e r ,  10 fa rm ers  were randomly 

se lec ted .  In  t o t a l ,  40 fa rm er s  were s e le c te d  f o r  i n t e r v i e w  

from each d i s t r i c t ,  making a t o t a l  o f  120 fa rmers  in te rv iew ed  

in the study.  T h i s  i s  i n  l i n e  w ith  the I n t e r n a t i o n a l  Ma ize  and 

Wheat Improvement C e n t r e ’s (CIMMYT) gu ide  o f  40 fa rm ers  per 

d i s t r i c t .  A c c o rd in g  to CIMMYT a sample s i z e  o f  40 i s  though t  

to be s u f f i c i e n t  f o r  m ean ing fu l  s t a t i s t i c a l  a n a l y s i s  i n  a 

homogenous g roup  o f  farmers.

The th r e e - s t a g e  sam p l ing  procedure was adopted because
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in te rv ie w in g  c o s t  and t r a v e l  time are reduced because o f  the 

geograph ica l  c l u s t e r i n g  of  the  farmers.  B e s id e s ,  w ith  t h i s  

procedure, i t  o n l y  becomes n e c e s s a r y  to c o n s t r u c t  l i s t s  o f  

farmers f o r  s e le c te d  c l u s t e r s  u n l i k e  i n  s im p le  random sampl ing  

where e ve ry  fa rm er  in  the p o p u la t i o n  i s  l i s t e d .  I n  a d d i t i o n ,  

t h i s  procedure enabled enum erators  from w i t h i n  the c l u s t e r s  to 

work more e f f e c t i v e l y  and e f f i c i e n t l y  s i n c e  they were known by 

a l l  c l u s t e r  members.

A f t e r  fa rm er  s e l e c t i o n  was done on paper, an i n i t i a l  t r i p  

was made to p h y s i c a l l y  l o c a t e  the fa rmers.  In  the t r i p  were 

the re searche r ,  a l o c a l  a g r i c u l t u r a l  a s s i s t a n t  o r  CBS 

rep re sen ta t ive  and one r e s e a r c h e r  r e p r e s e n t i n g  the Kenya 

A g r i c u l t u r a l  Re sea rch  I n s t i t u t e  (KARI) .  The l o c a l  a g r i c u l t u r a l  

a s s i s t a n t  a s s i s t e d  i n  p h y s i c a l l y  i d e n t i f y i n g  the fa rm ers  

a lready chosen and a l s o  i d e n t i f y i n g  the p o s s i b l e  enumerators.

Data collection

Primary  data  were c o l l e c t e d  by enum erators  th rough  a 

formal su rvey.  To ensure  a b i l i t y  to f i l l  the  q u e s t i o n n a i r e s ,  

only those  w ith  a minimum of  form fo u r  l e v e l  o f  e d u c a t io n  were 

cons idered.  A d d i t i o n a l l y ,  enumerators  who speak the re s p e c t i v e  

loca l  lan guage s  were chosen f o r  the r e s p e c t i v e  a re a s  to ensure 

an a b i l i t y  to communicate w ith  the fa rm ers.  The formal  s u r v e y  

was conducted u s i n g  a p r e - t e s t e d  s t r u c tu re d  q u e s t i o n n a i r e  over  

the main maize grow ing  season i n  1995. The q u e s t i o n n a i r e  was 

admin istered  i n  b i t s  c o r re sp o n d in g  to p e r i o d s  o f  major 

a c t i v i t i e s  i n  maize p roduc t ion .  T h i s  was n e c e s sa ry  to  m in im ise  

lo s s  of  memory o f  f a c t s  about the p r a c t i c e s  c a r r i e d  out i n  the
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farm such as t y p e s  and r a te s  o f  f e r t i l i z e r s  used. T h i s  i s  

because most fa rm ers  do not keep farm re c o rd s  and most 

responses were based on memory. These p e r i o d i c  m u l t i v i s i t s  to 

the farms a l s o  a s s i s t e d  in  i n c r e a s i n g  r e l i a b i l i t y  o f  data  

co l lec ted .  Thus, u n l i k e  i n  s i n g l e  v i s i t  su r v e y s ,  d o u b t fu l  

cases o f  data c o l l e c t e d  were v e r i f i e d  i n  subsequent  v i s i t s .  

This approach a l s o  avoided problems o f  non - response by 

farmers due to absence d u r in g  the day o f  i n t e r v i e w  common with 

s ing le  v i s i t  s u r v e y s .  The r e s e a r c h e r  who acted  as  s u p e r v i s o r  

made f requen t  v i s i t s  to  the fa rms and v e r i f i e d  any d o u b t fu l  

in fo rm at ion  as  per the f i l l e d  q u e s t i o n n a i r e s .

The e s s e n t i a l  c h a r a c t e r i s t i c  o f  the fo rm al  su rvey  

j u s t i f y i n g  i t s  use i s  t h a t  i t  g i v e s  a un i fo rm  set  o f  data  from 

a r e l a t i v e l y  l a r g e  number o f  fa rmers  tha t  a s  a whole a re  

rep re sen ta t ive  o f  the reg ion .  I t  a l s o  g i v e s  a r e f l e c t i o n  o f  

the true  nature o f  the phenomena in  the f i e l d .  I t  r e f l e c t s  a 

natural  farm c o n d i t i o n  u n l i k e  exper im enta l  data which r e f l e c t  

h igh ly  c o n t r o l l e d  c o n d i t i o n s  which do not e x i s t  i n  rea l  l i f e .  

Thus, th rough  the su rvey  a more r e l i a b l e  p i c t u re  o f  fa rmer  

c i rcumstances  i n  the area i s  obta ined  and i t s  r e s u l t s  can  be 

q u a n t i t a t i v e l y  communicated t o  i n t e re s te d  p a r t i e s .  However, i t  

should be noted tha t  i n  su r ve y  data there  i s  g r e a t e r  

v a r i a b i l i t y  (hence l a r g e  e r r o r  term) than o c c u r s  w ith  

experimental  data .

In  o rd e r  t o  determine the inhe ren t  s o i l  f e r t i l i t y  o f  the 

study area,  s o i l  samp l ing  was done a t  the land  p re p a ra t io n  

stage. L a b o ra to r y  s o i l  t e s t s  were l a t e r  c a r r i e d  out  to 

determine the l e v e l s  o f  m a c ro -n u t r ie n t s  i n  the s o i l .  The
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r e s u l t s  were used to deve lop  an i n h e re n t  f e r t i l i t y  in d e x  which 

was l a t e r  used a s  an independent  v a r i a b l e  i n  the r e g r e s s i o n  

a n a l y s i s  on the rate o f  f e r t i l i z e r  use. The s o i l  t e s t s  were 

ca rr ied  out o n l y  i n  f i e l d s  where maize was to be grown.

3.4 Data Organisation and Analysis

Before  g i v i n g  a d e s c r i p t i o n  o f  the methods used i n  data 

a n a l y s i s ,  the term " f e r t i l i z e r  use" needs c l a r i f i c a t i o n .  The 

term i s  used i n  t h i s  s tudy  t o  mean the t o t a l  amount o f  

n u t r ie n t s  i n  k i l o g r a m s  the fa rm er  used i n  maize f i e l d  per  

hectare f o r  the p a r t i c u l a r  season.  I t  i s  the  sum t o t a l  o f  

phosphat ic,  n i t r o g e n o u s  and p o t a s s i c  f e r t i l i z e r s  used.

For pu rpose s  o f  e x p l a i n i n g  f e r t i l i z e r  use p a t t e rn s  and 

rates o f  use, both D e s c r i p t i v e  S t a t i s t i c s  and O rd in a ry  Le a s t  

Squares (OLS) e s t im a t i o n  were used.

3.4.1 Descriptive Analysis

D e s c r i p t i v e  a n a l y s e s  f o r  v a r i a b l e s  c o n s id e re d  to 

in f luence  f e r t i l i z e r  use p a t t e rn s  were c on s id e re d .  D i f f e r e n c e s  

in these v a r i a b l e s  were used to  e x p la in  the observed  i n t e r  

farm v a r i a t i o n s  i n  f e r t i l i z e r  use. Among the  major v a r i a b l e s  

cons idered  were land  s i z e ,  a c c e s s  to f e r t i l i z e r  market 

(ph y s ic a l  a s  w e l l  a s  f i n a n c i a l  a c c e s s ) ,  f e r t i l i z e r  t ype s  and 

rates o f  a p p l i c a t i o n ,  farm ya rd  manure a p p l i c a t i o n  and 

fa rm er s ’ pe rce ived  c o n s t r a i n t s  to  f e r t i l i z e r  use. Frequency 

tab le s  and means were computed where a p p ro p r ia te .
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3.4.2 Regression Analysis: The theoretical framework for estimating fertlizer 

use determinants.

Research  on the d e te rm inan t s  o f  use f o r  an i n n o v a t i o n  

such a s  f e r t i l i z e r  draws h e a v i l y  from the a d o p t i o n - d i f f u s i o n  

framework on one hand, and from f a c t o r  demand theory  on the 

other. Such  s t u d i e s  range from s o c i o - c u l t u r a l - e c o n o m ic  

determinants  a t  the farm househo ld  l e v e l  to  more a g g r e g a t i v e  

ana ly ses  which in c o rp o r a te  the ro le  o f  p r i c e s ,  env ironment and 

po l icy  f a c t o r s .

T h i s  s tudy  used the f a c t o r  demand th e o r y  framework to  

analyse the main de te rm inan ts  o f  f e r t i l i z e r  use ra the r  than  

a d o p t i o n - d i f f u s i o n  framework. The rate o f  a p p l i c a t i o n  o f  

f e r t i l i z e r s  depends on the a v a i l a b l e  l e v e l s  o f  s o i l  management 

and agronomic f a c t o r s ,  p r ice  o f  f e r t i l i z e r  and the p r ice  o f  

maize. Thus, to  ach ieve  the o b je c t i v e  o f  e s t a b l i s h i n g  

f e r t i l i z e r  use determ inants,  s t a t i s t i c a l  e s t im a te s  o f  the 

r e l a t i o n s h i p s  were required.  The e s t im a t i o n  requ ired  the 

s p e c i f i c a t i o n  o f  the model i n  mathematical forms so that  

s t a t i s t i c a l  methods cou ld  be used f o r  t h e i r  e s t im at ion .  In  

th i s  s tudy ,  l i n e a r  mathematical  r e l a t i o n s h i p s  were s p e c i f i e d  

because they  a re  c o m p u ta t io n a l l y  e a s i e r  to  handle. A s i n g l e  

equation model was used on the b a s i s  t h a t  the f e r t i l i z e r  use 

r e l a t i o n s h ip  i s  a u n i l a t e r a l  c a u s a l  r e l a t i o n s h i p  w ith  q u a n t i t y  

of f e r t i l i z e r  use dependent on a number o f  predetermined 

fac to rs  r a th e r  than  a s im u ltaneou s  eq ua t ion  model whose 

v a r iab le s  are w i t h o u t  p r i o r  i n f o rm a t io n  not cons ide red  a s  

dependent and independent  v a r i a b l e s  but a s  m utua l ly  determined 

va r iab le s .  Thus, a s i n g l e  equa t ion  m u l t ip le  r e g re s s io n  model
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was adopted. M u l t i p l e  r e g r e s s i o n  was used to q u a n t i f y ,  t e s t  

and v a l i d a t e  economic r e l a t i o n s h i p s  i n  f e r t i l i z e r  use. The 

method r e v e a l s  s t r u c t u r a l  r e l a t i o n s h i p s  between v a r i a b l e s  so 

that a p p ro p r i a t e  p o l i c y  e v a lu a t i o n  cou ld  be undertaken 

depending on the  r e s u l t i n g  r e g r e s s i o n  c o e f f i c i e n t s .  To 

i n v e s t i g a t e  d e te rm in a n t s  o f  f e r t i l i z e r  use i n  maize, the 

O rd ina ry  Lea st  Squ a re s  (OLS) method was used to e s t im a te  the 

model. The OLS method g i v e s  the best s t r a i g h t  l i n e  th a t  f i t s  

the sample o f  independent  v a r i a b l e s ,  dependent v a r i a b l e  (XY) 

o b se r v a t io n s  i n  the sense  t h a t  i t  m in im i se s  the sum of  the 

squared d e v i a t i o n s  o f  each observed p o in t  on the graph from 

the s t r a i g h t  l i n e .  The OLS e s t im a t o r s  o f  p  i are w id e ly  used 

because they  a re  BLUE (be s t  l i n e a r  unb ia sed  e s t im a t o r s ) .  That 

i s ,  among a l l  unb iased  e s t im a to r s ,  they  have the low est  

var iance.  However, n o n l i n e a r  e s t im a to r s  may be s u p e r i o r  to  OLS 

e s t im a to r s  ( i . e .  they might be unbiased and have lower  

v a r ian ce ) .  S i n c e  i t  i s  o f t e n  d i f f i c u l t  o r  im p o s s ib le  to  f i n d  

the v a r ia n c e  o f  unb iased  n o n l i n e a r  e s t im a t o r s ,  however, the 

OLS e s t im a t o r s  remain by f a r  the most w id e l y  used and was thus  

adopted i n  t h i s  study. Furthermore, the OLS e s t im a to r s  be ing  

l inea r ,  a re  a l s o  a l g e b r a i c a l l y  e a s i e r  to use than n o n l i n e a r  

e s t im ato r s .

The g e n e ra l  model used f o r  the a n a l y s i s  can be exp re ssed

as:

“  P 1 +  P 2̂-2 +  P 3̂-3 ■ * ■• • •  +  P K^k +  ® i

Where X 1 = The dependent v a r i a b le .

Zx = The independent  v a r i a b le  ( I  = 1 , 2 , . . . n ) .

e x = The e r r o r  term.
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The a s sum pt ion s  u n d e r l y in g  t h i s  model in c lu d e :

a) The model i s  s p e c i f i e d  as g i v e n  above i . e .  l i n e a r .  

The v a r i a b l e s  x1 and z1 (where I  = 1 , 2 , . . n )  rep re se n t  

numer ica l  q u a n t i t i e s  observed  w ithou t  e r r o r .

b) The Z i are  n o n s t o c h a s t i c .  T h i s  means tha t  each 

independent v a r i a b l e  has v a lu e s  f i x e d  i n  repeated 

samples.  T h i s  i s  because the v a l u e s  of Z are e i t h e r  

c o n t r o l l a b l e  o r  f u l l y  p re d ic t a b le .  The statement 

that  the v a lu e s  of Z 1 are " f i x e d  i n  repeated samples"  

i n d i c a t e s  t h a t  the s e t  of  v a lu e s  o f  Z i s  taken to be 

the same from sample to  sample. I n  a d d i t io n ,  no 

exact  l i n e a r  r e l a t i o n s h i p  e x i s t s  between two o r  more 

of  the independent v a r i a b l e s .  I f  such a r e l a t i o n s h i p  

e x i s t s  there i s  the presence o f  m u l t i c o l l i n e a r i t y .  

When m u l t i c o l l i n e a r i t y  i s  p re sen t ,  i t  becomes 

d i f f i c u l t  to d i s e n t a n g le  the e f f e c t s  of  the 

i n d i v i d u a l  Z v a lu e s  on the dependent v a r i a b le .  In  

o rde r  to ensure  th a t  m u l t i c o l l i n e a r i t y  was ab sen t  

among the e x p la n a to r y  v a r i a b l e s  i n  the model, t h i s  

s tudy  used the " r u l e  o f  thumb" a s  s p e c i f i e d  by 

P indyck  and R u b in fe ld  (P indyck, R .S .  and R u b in fe ld ,  

D .L . ,  1981). T h i s  r u le  s t a t e s  t h a t  m u l t i c o l l i n e a r i t y  

i s  l i k e l y  to be a problem i f  the s imple c o r r e l a t i o n  

between two e x p la n a to r y  v a r i a b l e s  i s  l a r g e r  than  the 

c o r r e l a t i o n  o f  e i t h e r  o r  both v a r i a b l e s  w ith  the 

independent  v a r i a b l e .  The problem of  

m u l t i c o l l i n e a r i t y  was not found when t h i s  t e s t  was 

pe rfo rm ed.
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c)  i )  The e r r o r  term i s  an unob se rvab le  random

v a r i a b l e ,  w ith  a z e ro  mean and such tha t ,  f o r  any 

sample s i z e  n,

(•^ )£  (zrz)*0

and i t s  l i m i t ,  as n - ->® ,  i s  a f i n i t e  number, and 

c o n s t a n t  va r iance  ( h o m o s c e d a s t i c i t y ) f o r  a l l  

o b s e r v a t io n s .  The a s sum pt ion  o f  ze ro  mean im p l i e s  

tha t  the e r r o r  term i s  c o n t in u o u s  and ranges  from -® 

to + ® , tha t  i t  i s  s y m m e t r ic a l l y  d i s t r i b u t e d  around 

the mean. The a s sum pt ion  o f  the e r r o r  term hav in g  a 

zero mean i s  n e c e s s a r y  f o r  the parameters  o f  p . t o  

be i d e n t i f i a b l e .  I n  sho r t ,  the expected va lue  o f  the 

e r r o r  term has to be zero i f  the model i s  to p rov ide  

the b a s i s  f o r  econometr ic  a n a l y s i s .  The a s sum pt ion  

o f  c o n s t a n t  v a r i a n c e  means tha t  e v e ry  d i s t u rb a n c e  

has the same v a r ia n c e  (62) whose v a lue  i s  unknown. 

T h i s  a s sum pt ion  r u l e s  out, f o r  example, the 

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

cou ld  be g r e a t e r  f o r  h igh e r  than f o r  lower  v a l u e s  of 

Z. In  terms o f  the f e r t i l i z e r  use model, the 

a s sum pt ion  o f  h o m o sc e d a s t i c i t y  c ou ld  im p ly  t h a t  

v a r i a t i o n s  i n  q u a n t i t y  o f  n u t r i e n t s  used i s  the  same 

whether, f o r  i n s t a n c e ,  the p r ice  o f  f e r t i l i z e r  i s  

h igh  o r  low. To t e s t  f o r  the presence of  

h e t e r o s c e d a s t i c i t y ,  the b a r t l e t t  t e s t  was performed. 

The r e s u l t s  o f  the b a r t l e t t  t e s t  a re  presented i n  

append ix  2.
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i i )  E r r o r s  c o r r e sp o n d in g  to  d i f f e r e n t  o b s e r v a t i o n s  are  

unco r re la ted .  I f  the  e r r o r  terms are c o r r e l a t e d ,  

there  i s  the problem o f  a u t o c o r r e l a t i o n .  I f  

a u t o c o r r e l a t i o n  e x i s t s ,  the r e g r e s s i o n  e s t i m a t o r s  

w i l l  be unbiased, but  the s tanda rd  e r r o r  o f  the  

r e g r e s s i o n  w i l l  be b ia sed  downwards. T h i s  w i l l  lead 

to the c o n c lu s i o n  t h a t  the parameter e s t im a te s  are 

more p re c i se  than t h e y  a c t u a l l y  a re .  There w i l l  be a 

tendency to r e je c t  the  n u l l  h y p o th e s i s  when, i n  

fa c t ,  i t  shou ld  not be rejected.  To t e s t  f o r  the 

presence o f  a u t o c o r r e l a t i o n ,  the Durb in -W atson  

s t a t i s t i c  was used.

i i i )  The e r r o r  v a r i a b le  l i k e  any random v a r i a b l e  i s  

no rm a l ly  d i s t r i b u t e d  and determined by two 

parameters,  the mean and the v a r ian c e .  The meaning 

o f  the n o rm a l i t y  a s sum pt ion  i s  t h a t  sm a l l  v a l u e s  o f  

the e r r o r  term have a h igh e r  p r o b a b i l i t y  to  be 

observed  than la r g e  va lue s ;  extreme va lu e s  o f  the 

e r r o r  term are more and more u n l i k e l y  the more 

extreme they get. The assumption  o f  n o rm a l i t y  i s  

n e ce s sa ry  f o r  cond uc t in g  the s t a t i s t i c a l  t e s t s  o f  

s i g n i f i c a n c e  o f  the parameter e s t im a te s  and f o r  

c o n s t r u c t i n g  con f id ence  i n t e r v a l s .  I f  the a s sum pt ion  

i s  v io l a t e d ,  the e s t im a te s  o f  b0 and b. a re  s t i l l  

unb iased  and best, but  we cannot a s s e s s  t h e i r  

s t a t i s t i c a l  r e l i a b i l i t y  by the c l a s s i c a l  t e s t s  o f  

s i g n i f i c a n c e  (t and F t e s t s )  because the l a t t e r  are 

based on normal d i s t r i b u t i o n s .
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A b r i e f  d e s c r i p t i o n  o f  the v a r i a b l e s  i n  the s p e c i f i c  

r e g re s s io n  model po s tu la te d  a s  a s i n g l e  eq ua t ion  model on the 

bas is  o f  a p r i o r i  g round s  o f  economic, b i o l o g i c a l  and p h y s i c a l  

lo g ic  and n o ta t io n  used i s  a s  f o l l o w s :

The dependent variable : Quantity of fertllzer applied 

per hectare (Xj).

The sampled fa rm er s  were asked what t y p e s  and amounts

(kg) o f  b a sa l  and n i t r o g e n o u s  f e r t i l i z e r s  they  used i n  t h e i r  

maize f i e l d s .  S i n c e  fa rm ers  use d i f f e r e n t  f e r t i l i z e r  t y p e s ,  a 

common denominator,  q u a n t i t y  o f  n u t r i e n t s  a p p l ie d  per hectare,  

measured as  k i l o g r a m s  o f  p la n t  n u t r i e n t s  o f  n i t r o g e n  (N), 

phosphate (P206) and po tass ium  (ICjO) was used as  the dependent 

va r iab le  i n  the r e g r e s s i o n  a n a l y s i s .  The s t u d y  sought  to  

exp la in  how v a r i o u s  f a c t o r s  e x p l a i n  the ra te  o f  n u t r i e n t s  

appl ied by fa rm er s  in  maize p roduc t ion .  Fo r  purposes  o f  

e s t im at ion ,  o n l y  fa rm er s  who used f e r t i l i z e r s  were con s ide red .

To c o n v e r t  q u a n t i t y  of  f e r t i l i z e r  a p p l ie d  per hecta re  to 

quan t i ty  o f  n u t r i e n t s  per  hecta re ,  the FAO formula  (FAO,

1985), was used a s  f o l l o w s :

The fo rm ula  adds up the f e r t i l i z e r  a n a l y s i s  numbers and 

d iv id e s  t h e i r  sum by 2 f o r  50 kg bag and by 4 f o r  25  kg bag. 

For i n s t a n c e :  I f  a fa rm er  used 50 kg D .A .P ./ha  f o r  p l a n t i n g  

and 50 kg C.A.N. f o r  t o p d r e s s i n g ,  then t o t a l  q u a n t i t y  o f  

n u t r ie n t s  was c a l c u l a t e d  as f o l l o w s .

a) Kg o f  n u t r i e n t s  = ( 18 + 46 + 0)  / 2 = 32.

from D .A .P .  (18: 46:0)

b) Kg o f  n u t r i e n t s  from
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C.A.N. ( 2 6 :0 :0 )  = ( 26 + 0 + 0 ) / 2 = 13.

Therefore  t o t a l  n u t r i e n t s  a p p l i e d  ( X J  = 32 + 13 = 45 kg.

The independent variables

Data were c o l l e c t e d  on s e v e r a l  independent  v a r i a b l e s  

which in c lud e d  resource  c h a r a c t e r i s t i c s  o f  fa rmers  (area under 

maize p rod uc t ion ,  method o f  c u l t i v a t i o n ,  t o t a l  farm s a l e s ,  

land s i z e ,  o f f  farm employment),  i n s t i t u t i o n a l  a c ce s s  

(d i s tance  in  k i l o m e t re s  to f e r t i l i z e r  market, r e c e ip t  o f  

ex ten s ion  adv ice ,  d i s t a n c e  i n  k i l o m e t re s  to  c r e d i t  g i v i n g  

i n s t i t u t i o n s ) ,  o the r  i n s t i t u t i o n a l  f a c t o r s  ( p r i c e s  of  

f e r t i l i z e r  and maize) and i n h e r e n t  s o i l  f e r t i l i t y  s t a t u s .

However, management p r a c t i c e s  such a s  t im e l i n e s s  o f  

ope ra t ion s ,  e f f i c i e n t  weeding, and r e s i d u a l  f e r t i l i z e r  t h a t  

a f fec t  response  o f  maize to f e r t i l i z e r  a p p l i c a t i o n ,  and i n  

turn a f f e c t  the q u a n t i t y  o f  f e r t i l i z e r s  used by farmers,  

assuming they  know the nature  o f  the i n t e r a c t i o n s  were he ld  

constant.  These v a r i a b l e s  c ou ld  not be captured  by the 

household a n a l y s i s  because the y  requ i re  data from s p e c i f i c  

plots.  Dummy v a r i a b l e s  were used f o r  independent  v a r i a b l e s  

l ike  e x t e n s io n  adv ice ,  farm ya rd  manure use and o f f  farm 

employment.

S te p w ise  m u l t ip le  r e g r e s s i o n  was used to  s p e c i f y  which 

independent v a r i a b l e s  seemed t o  p rov ide  the best  e x p l a n a t i o n  

of the b e hav iou r  o f  the dependent v a r i a b le .  T h i s  helped to  

overcome the problem of  hav ing  a l a r ge  number o f  independent  

v a r iab le s  a s  suggested  by economic l i t e r a t u r e  r e l a t i v e  to  the 

number o f  o b s e r v a t io n s .  However on a p r i o r i  grounds,  o th e r
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independent v a r i a b l e s  a lm ost  c e r t a i n l y  known to i n f l u e n c e  rate 

of f e r t i l i z e r  a p p l i c a t i o n  were in c luded  a l t h o u g h  t h e i r  

est imated r e g r e s s i o n  c o e f f i c i e n t s  were not s t a t i s t i c a l l y  

s i g n i f i c a n t .  Con sequent ly ,  the  independent v a r i a b l e s  

cons idered  on the b a s i s  o f  r ed uc ing  unexp la ined  v a r i a t i o n  

(stepwise r e g r e s s i o n  p roced u re )  and a p r i o r i  i n f o r m a t i o n  are 

descr ibed  here:

a) Normalised price of fertilizer (NPF) in shiIBngs.

The P r ice  o f  f e r t i l i z e r  n u t r i e n t s  per k i l o g r a m  no rm a l i sed  

by the farmgate p r ice  per  k i l o g r a m  o f  maize was used. T h i s  i s  

the r e l a t i v e  f e r t i l i z e r :  ou tp u t  p r ice  r a t i o .

To c a l c u l a t e  the n u t r i e n t  p r ice  o f  f e r t i l i z e r ,  

computation o f  both p r i c e  per k i lo g ram  of  n u t r i e n t  a p p l i e d  and 

a lso  per k i l o g ra m  o f  maize s o l d  was done.

( I )  PF - p r ice  o f  f e r t i l i z e r  .

The p r i ce  of f e r t i l i z e r  per kg o f  n u t r i e n t ,  represented  the 

to ta l  c o s t  a fa rm er  meets to ge t  1 kg of n u t r i e n t  a t  the 

farmgate. The f e r t i l i z e r  p r i c e  was thu s  c a l c u la t e d  as:

PF = ( p r i c e  o f  p l a n t i n g  f e r t i l i z e r  + p r i c e  o f  t o p d r e s s i n g  

f e r t i l i z e r  + c o s t  o f  t r a n s p o r t ) /  t o t a l  n u t r i e n t s

applied.

For in s ta nce :

A farmer used 50 kg D.A.P.  f o r  p la n t i n g  and 50 kg C.A.N. i n  

his  maize p lo t  f o r  t o p d r e s s i n g .  D.A.P. c o s t  Ksh. 1000 .00  per 

50 kg bag and C.A.N.  ksh.  800 .00  per 50 kg bag. I t  c o s t  him a 

to ta l  o f  Ksh. 120 .00  to  t r a n s p o r t  each bag to  h i s  fa rmgate
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( t ransport  c o s t  = fa re  + t r a n sp o r t/ b a g  o f  f e r t i l i z e r ) .

Then:

Pf per 1 kg n u t r i e n t  = (1000 + 800 + 2 ( 1 2 0 ) ) /  (32 + 13) = Ksh.

45.33

( i i )  P r ice  o f  maize (pm)/ kg = (p r i c e  / 90 kg bag) / 90. 

Thus, NPF = ( p r i c e  of 1 kg n u t r i e n t / p r i c e  o f  1 Kg maize)

Th i s  was used as a proxy f o r  the f a r m e r ’s per u n i t  c o s t  

of product ion  and r e f l e c t s  the terms o f  t rade  i n  maize 

production at  the farm l e v e l .  I f  the terms o f  trade are 

favourable ( rep re sen ted  by a low v a lue ) ,  then  the fa rm er  i s  

expected to use more n u t r i e n t s  / un i t  area and v ice  ve rsa .

This i s  because i f  the f e r t i l i z e r  p r i c e  : maize p r i c e  r a t i o  i s  

high, then more money i s  i n v e s te d  to produce a u n i t  o f  maize 

implying reduced p r o f i t s  to a farmer.

b) inherent sofl fertlity index (INPK)

T h i s  was a proxy f o r  land  q u a l i t y  and was p o s tu la te d  to 

have an e f f e c t  on the rate  o f  f e r t i l i z e r s  fa rm ers  a p p l ie d  i n  

the f i e l d s .  In  o r d e r  to cap tu re  t h i s  v a r i a b l e ,  s o i l  t e s t i n g  

was done and a n a ly se d  f o r  macro n u t r i e n t s  t h a t  a f f e c t  maize 

production. S i n c e  the a n a l y s i s  f o r  v a r i o u s  n u t r i e n t s  used 

d i f fe ren t  methods and employs d i f f e r e n t  u n i t s  to d e p ic t  the 

various l e v e l s  o f  the r e s p e c t i v e  n u t r i e n t s ,  a " s o i l  f e r t i l i t y  

index" was deve loped f o r  purposes  o f  t h i s  s tudy.
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Ava i lab le  n u t r i e n t s  were c l a s s i f i e d  as  shown i n  Table  4: 

Table 4: Classification of nutrient availability h  so ls.

Low Moderate H igh

K (m.e.%) <0 .2 0.2 - 1.5 > 1.5

P (ppm) < 20 20 - 80 > 80

(M e r l i c h )

source: Ahn, P7RL.

For purposes  o f  d e v e lo p in g  an index, the se  

c l a s s i f i c a t i o n s  were a s s i g n e d  1,2,  and 3 f o r  low, moderate and 

high r e s p e c t i v e l y .  N i t r o g e n  was c l a s s i f i e d  a s  e i t h e r  low (< 

0.2 pe rcen t )  o r  adequate (> 0 .2  pe rcent ) .  Thus low was 

assigned 1 and adequate 3. The f e r t i l i t y  in d e x  developed was a 

summation o f  the v a lu e s  a s s i g n e d  to  the r e s p e c t i v e  s o i l  

nutr ient  a n a l y s i s  f i g u r e s .  For  in s ta n c e ,  a farm tha t  had 2 . 6 0  

m.e. K / 100 g s o i l ,  2 ppm P and 0.38  pe rcen t  N had i t s  in d e x  

ca lcu la ted  as shown i n  Table  5.

Table 5: S o l Fertility index

N u t r i e n t O b se rv a t io n C l a s s A s s i g n e d  value

K 2 .6  m.e h ig h 3

P 2 ppm low 1

N 0.38% adequate 3

Thus the i n h e r e n t  s o i l  f e r t i l i t y  index  a s s i g n e d  f o r  t h i s  farm 

was (3 + 1 + 3 ) = 7 .
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A s o i l  with the h i g h e s t  s o i l  f e r t i l i t y  was a s s i g n e d  an 

index o f  9 and the one w it h  the low est  s o i l  f e r t i l i t y  was 

assigned 3. A major l i m i t a t i o n  o f  t h i s  index  was the 

assumption that  the response  o f  maize to each o f  the th re e  

nutr ients  c on s id e red  was the same. However i n  a rea l  fa rm ing  

s i tua t ion ,  a g r e a t e r  response i s  expected from the a p p l i c a t i o n  

of the s o i l ’ s most l i m i t i n g  n u t r i e n t .  N o tw i th s tan d in g ,  the 

index prov ided a common denom inato r  f o r  the s o i l  f e r t i l i t y  o f  

the d i f f e r e n t  s o i l  types  tha t  made i t  p o s s i b l e  f o r  t h i s  

var iab le  to  be in c lud e d  i n  the model tha t  ana ly se d  the 

determinants of  f e r t i l i z e r  use.

c) Total Farm Sales (sales) in shillings

T o ta l  farm s a l e s  i s  a summation o f  a l l  crop, l i v e s t o c k  

and l i v e s t o c k  p roduct  s a l e s  d u r i n g  the maize p roduc t ion  pe r iod  

(October 1994 - June 1995).  T h i s  represented  the per iod  when 

dec i s io n s  on in p u t  pu rcha se s  e s p e c i a l l y  f e r t i l i z e r s  were made 

for the 1995 maize p rod uc t ion  season. T h i s  v a r i a b l e  was used 

as a proxy  f o r  l i q u i d i t y ,  which was expected to have a 

po s i t ive  e f f e c t  on rate o f  f e r t i l i z e r  use.

d) Land Size (W) in hectares

The economic s t a t u s  of fa rm er s  ( u s u a l l y  measured a s  

wealth) e x e r c i s e s  a p o s i t i v e  i n f l u e n c e  on f e r t i l i z e r  use. In  

the con te x t  o f  A f r i c a n  s m a l l h o ld e r  farming systems and i n  the 

absence o f  r e l a t i v e  s t a t i s t i c s  o f  f a rm e r s ’ wealth, the 

va r iab le ,  land s i z e  was expected to captu re  t h i s  e f f e c t .  

A d d i t i o n a l l y ,  l a n d  s i z e  cou ld  be viewed a s  a su r roga te  f o r
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other im portan t  f a c t o r s  such a s  a c ce s s  to c r e d i t ,  c a p a c i t y  to 

bear r i s k  and a c c e s s  to sc a rce  i n p u t s  such a s  f e r t i l i z e r s .  I t  

was t h e re fo re  expected t h a t  l a n d  s i z e  cou ld  p o s i t i v e l y  

in f luence  f e r t i l i z e r  use.

e) Farm Yard Manure (FYM)

Farm Yard Manure (FYM), l i k e  i n o r g a n i c  f e r t i l i z e r s  supp ly  

plant n u t r i e n t s  to  c rop s .  However, u n l i k e  i n o r g a n i c  

f e r t i l i z e r s ,  FYM, sup p ly  sm a l l  q u a n t i t i e s  o f  the n u t r i e n t s .

The a v a i l a b l e  p la n t  n u t r i e n t s  i n  FYM va ry  depending on s e v e r a l  

fac tors .  These f a c t o r s  i n c l u d e ,  age and s p e c ie s  o f  the an imal,  

type o f  p rod uc t ion ,  type o f  f e e d s  animal i s  fed on and method 

of FYM p re p a ra t io n .  B e s id e s ,  the  we ight  o f  w e l l  decomposed FYM 

at the farm l e v e l  i s  d i f f i c u l t  to measure. T h i s  i s  because FYM 

i s  s to red  o r  prepared under d i v e r s e  env i ronm enta l  c o n d i t i o n s  

and hence i t  c ou ld  be o f  d i f f e r e n t  mo is tu re  con ten t s .  G iven ,  

the problems o f  s t a n d a r d i s i n g  FYM in  terms o f  moisture  con ten t  

and a v a i l a b l e  n u t r i e n t s ,  q u a n t i t y  of FYM was not chosen a s  an 

independent v a r i a b l e  i n  the r e g r e s s i o n  a n a l y s i s .  I n s t e a d ,  the 

FYM was t re a te d  a s  a dummy v a r i a b l e .

f) Dummy variables used and their interpretation

Dummy v a r i a b l e s  were used to e x p la in  the e f f e c t s  o f  

q u a l i t a t i v e  e x p la n a to r y  v a r i a b l e s  in  the r e g r e s s i o n  a n a l y s i s .

A dummy v a r i a b l e  i s  d ichotomous,  thus  t a k in g  a va lue  o f  one or  

zero. Dummy v a r i a b l e s  were used to capture  changes ( s h i f t s )  i n  

the i n t e r c e p t  o f  the e s t im ated  r e g r e s s i o n  model. Use o f  t h i s  

dummy v a r i a b l e  te chn ique  assumes that  o the r  r e g re s s io n
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c o e f f i c ie n t s  in  the r e g r e s s i o n  equat ion  are not a f fe c te d  by 

the value o f  the dummy v a r i a b l e  (M an s f ie ld ,  1990). For  

instance, i t  i s  assumed t h a t  the  s lope o f  the r e l a t i o n s h i p  

between the rate o f  n u t r i e n t  a p p l i c a t i o n  and e x te n s io n  a d v ic e  

i s  the same f o r  fa rm ers  who rece ived  i t  and those  who d id  not.

In  t h i s  s tudy,  three  dummy v a r i a b l e s  were used, one each 

for ex ten s ion  c o n ta c t  (e x t ) ,  fa rm  yard manure use (fym) and 

off farm employment ( o f f ) ,  thu s :

Dw. , Dummy v a r i a b l e  t a k in g  v a lue  of one i f  farmer rece ive d  

previous e x te n s io n  adv ice ,  and zero o the rw ise .

D^, t a k in g  the va lue  o f  one i f  farmer used FYM , o r  zero

otherw ise .

DotT , Dummy v a r i a b l e  t a k in g  v a lu e  o f  one i f  farmer had o f f  

farm employment, and zero o the rw ise .

Thus, i f  the c o e f f i c i e n t  f o r  any  o f  the dummies i s  

s i g n i f i c a n t ,  i t  i s  i n t e r p r e t e d  a s  the e f f e c t s  on rate  o f  

nutr ient  a p p l i c a t i o n  (X), o f  the  group o f  the dummy t a k i n g  the 

value of one r e l a t i v e  to th a t  g roup  ta k in g  the va lue  zero.  I f  

a c o e f f i c i e n t  i s  not s t a t i s t i c a l l y  s i g n i f i c a n t ,  then t h i s  

suggests  tha t  the re  was no measurable s t a t i s t i c a l  d i f f e r e n c e  

between the two groups.

The interpretation of the error term

The e r r o r  o r  d i s t u rb a n c e  term r e f l e c t s  the v a r i a b i l i t y  

unaccounted f o r  i n  e x p l a i n i n g  X x. Some o f  the rea sons  f o r  

unexplained v a r i a t i o n  i n  rate o f  n u t r i e n t s  a p p l ie d  cou ld  be

due to:

(a) Om is s ion  o f  r e le v a n t  v a r i a b l e s  which cou ld  not be
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measured such a s  u n fo re se e n  f a m i l y  problems, and 

unexpected weather  p a t t e rn s .

(b) M i s r e p o r t i n g  o f  i n f o r m a t i o n  e i t h e r  by the fa rm er  o r  

enumerator  o r  both.

P o s s i b i l i t i e s  o f  e r r o r s  d u r in g  p r o c e s s i n g  o f  data  

e.g. d u r i n g  t r a n s f e r r i n g ,  c op y in g  o r  computing.

(d) Problem o f  a g g r e g a t i o n  o c c u r r i n g  due to non­

homogeneity o f  a v a r i a b l e .  For  i n s t a n c e ,  m easur ing  

land i n p u t  s im p ly  i n  he c ta re s  i g n o r e s  d i f f e r e n c e s  in  

land q u a l i t y  even w i t h i n  the same s o i l  type.

3.5 Tests of significance of parameter estinate and Goodness of fit

Test s  o f  s i g n i f i c a n c e  a re  used to  t e s t  f o r  s t a t i s t i c a l  

s i g n i f i c a n c e  o f  the parameter  e s t im a te s  05a) of the  r e g r e s s i o n  

i.e. they t e s t  f o r  the r e l i a b i l i t y  o f  the e s t im ated  parameter 

c o e f f i c i e n t s .  The t e s t s  used i n  t h i s  s tudy  in c lu d e :  t 

s t a t i s t i c ,  F s t a t i s t i c  and C o e f f i c i e n t  o f  D e te rm in a t io n  (R2).

a) The t - Statistic

The t  s t a t i s t i c  i s  a r a t i o  o f  the e s t im ated  c o e f f i c i e n t  to i t s  

standard e r r o r .

where,

S i s  the e s t im ated  s tanda rd  e r r o r  o f  (3 .

The t  s t a t i s t i c  t e s t s  the h y p o t h e s i s  tha t  one of the e s t im ated  

c o e f f i c i e n t s  i n d i v i d u a l l y  e x e r t s  s t a t i s t i c a l l y  s i g n i f i c a n t
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l inear  in f lu e n c e  on the dependent v a r i a b le .  Fo r  example, 

consider a c o e f f i c i e n t  j, the n u l l  h y p o th e s i s  to  be te s te d

w i l l  be

H0 = /?j = 0 ; j = 1 , 2 ,

For la rge  degrees  o f  freedom (n -k  > 0), where n = sample s i z e  

and k = number o f  r e g r e s s o r s ,  the t  d i s t r i b u t i o n  app rox im ate s  

the normal d i s t r i b u t i o n  and i n  t h i s  case,  a s  a ru le  o f  thumb, 

i f  the t  r a t i o  exceeds  2, then the c o e f f i c i e n t  i s  

s t a t i s t i c a l l y  s i g n i f i c a n t .

For purposes  o f  t h i s  s tudy,  1 per cent, 5 per cent,  and 

10 per cent  l e v e l s  o f  s i g n i f i c a n c e  were chosen to  t e s t  the 

s t a t i s t i c a l  l i n e a r  i n f l u e n c e  o f  the c o e f f i c i e n t s  on the ra te  

of n u t r i e n t s  a p p l ie d .  The l e v e l s  o f  s i g n i f i c a n c e  mean t h a t  i f  

an i n f i n i t e  number o f  samples were drawn from the p o p u la t i o n  

with mean, u0, o n l y  1 percent,  5 percent and 10 percent  

r e sp e c t i v e ly  o f  the time cou ld  one get a va lue  o f  Z tha t  cou ld  

lead to an i n c o r r e c t  r e j e c t i o n  o f  the n u l l  h y p o t h e s i s .  The 

higher the l e v e l  o f  s i g n i f i c a n c e  chosen ( in  t h i s  case 10 

percent), the na rrower  the acceptance reg ion  i . e .  the 

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

inc rease s  w ith  h i g h e r  l e v e l s  o f  s i g n i f i c a n c e .

b) The F - Statistic

The F s t a t i s t i c  i s  de f ined  as the r a t i o  of

(Exp la ined  v a r ian c e  o f  X)  / (Unexpla ined  va r ian ce  o f  X),  

where X i s  the dependent v a r i a b l e .

The s t a t i s t i c  t e s t s  the n u l l  h y p o th e s i s  o f  the r e g r e s s i o n  th a t  

a l l  c o e f f i c i e n t s  o f  the r e g r e s s i o n  o the r  than the i n t e r c e p t
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are zero.

Hc = /?2 = P j  = •••• =  P  K = 0 .

It tests the s i g n i f i c a n c e  o f  the  r e g r e s s i o n  a s  a whole f o r  the 

existence of  a l i n e a r  r e l a t i o n s h i p  between the dependent 

variable and a l l  the  e x p l a n a t o r y  v a r i a b l e s  j o i n t l y .  I f  the 

computed F r a t i o  i s  g r e a t e r  t h a n  the t a b u la t e d  F r a t i o  (from 

nathematical t a b l e s ) ,  then  t h e  r e g r e s s i o n  a n a l y s i s  shows that  

all reg ress ion  s l o p e s  a re  n o t  ze ro  and t h e r e f o r e  the 

explanatory v a r i a b l e s  i n  the  model l i n e a r l y  i n f l u e n c e  the 

dependent v a r i a b l e .

c) The Coefficient of Determination (R2)

This i s  a measure o f  t h e  go o d ne s s  o f  f i t  of  the est imated  

regression l i n e .

R2 = ( E x p la in e d  v a r i a t i o n  i n  the dependent  v a r i a b le  / Total  

var iat ion).

R2 i s  an o v e r a l l  i n d e x  o f  how w e l l  the dependent v a r i a b l e  can 

be explained by a l l  the  r e g r e s s o r s .  R '  t e n d s  to i n c r e a s e  with 

additional v a r i a b l e s  even t h o u g h  they  have l i t t l e  e xp lana to ry  

power. Hence, some s t a t i s t i c i a n s  use c o e f f i c i e n t  of 

determination a d j u s t e d  (Adj R 2) f o r  d e g re e s  o f  freedom to  

determine the e x p l a n a t o r y  v a l u e  o f  a r e g r e s s i o n .

Adj R2 = 1 - (1 - R2) ( (n - 1 ) /  (n - k ) )

Where,

n = number o f  o b s e r v a t i o n s .

k = number o f  r e g r e s s o r s .
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The adj R2 does not  i n c r e a se  w i t h  an a d d i t i o n a l  independent  

variable u n le s s  the l a t t e r  l e a d s  to  a r e d u c t io n  in  unexp la ined  

variation i . e .  decrease  i n  (1 - R2) i s  more than o f f s e t  by (n 

- 1) / (n - k). I n  t h i s  s tudy,  both R '  and Adj  R '  v a lu e s  a re  

presented i n  the r e g r e s s i o n  r e s u l t s .



52
CHAPTER FOUR

4.0 RESULTS AND D ISC U SS IO N S

T h i s  chap te r  shows and d i s c u s s e s  t h e  r e s u l t s  ob ta ine d  

from d e s c r i p t i v e  a n a l y s i s  of the  su rv e y  da ta  on the  f e r t i l i z e r  

use p a t te rn s .  I t  a l s o  p r e s e n t s  and d i s c u s s e s  the r e s u l t s  of 

regress ion a n a l y s e s  of the  d e te rm inan t s  o f  f e r t i l i z e r  use f o r  

each d i s t r i c t  b e s id e s  t e s t i n g  and d i s c u s s i n g  the h ypo the se s  of 

the study.

4.1 Descriptive Analysis Results and Discussions.

T h i s  s e c t i o n  uses  t h e  mean and f r e q u e n c y  t a b l e s  to  p re sen t  

resu lts  o f  f e r t i l i z e r  use p a t t e rn s  on the  b a s i s  o f  r e so u rc e  

endowment and a c c e s s  to  f e r t i l i z e r .  I t  a l s o  p re s e n t s  r e s u l t s  of 

trends in  f e r t i l i z e r  use and f a r m e r s ’ p e r c e p t i o n s  t o  f e r t i l i z e r

use.

4.1.1 Land size and ownership.

Resource  a v a i l a b i l i t y  and use p a t t e r n s  are important  in 

choice o f  any te c h n o lo g y  a fa rm er  may w ish  to  adopt.  Land i s  a 

basic re sou rce  i n  any fa rm ing  a c t i v i t y .  The q u a n t i t y  of l a n d  can 

be seen a s  an i n d i c a t o r  of the  l e v e l  o f  a s s e t s ;  t h a t  i s ,  h igh  

level of a s s e t s  c ou ld  im p ly  a g r e a t e r  a b i l i t y  and/ o r  w i l l i n g n e s s  

for a farm househo ld  to ta ke  r i s k s .  Tab le  6 g i v e s  the 

d i s t r i b u t i o n  of land  ow nersh ip  by s i z e  i n  the study  a rea  by 

d i s t r i c t .
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Table 6: Percent of fanners owning land in various farm categories (hectares).

D i s t r i c t n <2.0 2 . 1 - 4 . 0 >4 .0 Mean

K i s i i 40 62.5 35 .0 2 .5 1 .96

Kakamega 40 62.5 25 .0 12.5 1 .98

Trans N zo ia 40 75.0 17.5 7 .5 1 .60

Source: Survey data.

The f i g u r e s  i n d i c a t e  tha t  around 67 pe rcen t  o f  the fa rm er s  

sampled have a land  s i z e  of  l e s s  than o r  eq ua l  t o  two hec ta re s .

Table 7: S o l  conservation practices by farmers by district.

-

Conse r v a t i o n  
method

Pe rcen t  o f  fa rm er s

K i s i i
(n=40)

Kakamega
(n=40)

T ra n s  Nzoia  
(n=40)

Terraces 30 40 42
Cut O f f  D r a in s 2 .5 20 12.5
T ra sh l in e s 32 .5 0 0
Napier g r a s s  bunds 20 0 0
Cover c r o p s 7 .5 0 0
None 32 .5 47.5 55

Soiree: Survey data
Note: Due to  m u l t i p le  response s ,  percent t o t a l s  exceed 100 

percent.

Thus, w i t h  an average  farm household  p o p u la t i o n  of  7 -8  people,  

the need t o  a ch ie ve  food s e l f  s u f f i c i e n c y  and some s u r p l u s  i s  

t ran s la ted  i n t o  g r e a t e r  p re s su re  on the a v a i l a b l e  land 

holdings. T h i s  has led  to  crop i n t e n s i f i c a t i o n  and subsequent
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depletion o f  s o i l  p la n t  n u t r i e n t s ,  more so i n  K i s i i  d i s t r i c t .  

Ind irectly  t h i s  has had a p o s i t i v e  in f lu e n c e  on the way the  

*a-mers manage t h e i r  s o i l s .  T h i s  i s  shown by a h igh  f i g u r e ,  55 

percent, o f  fa rm ers  who p r a c t i s e  one method o r  ano the r  o f  s o i l  

erosion c o n t ro l  measures such a s  t e r r a c in g ,  t r a s h l i n e s  and 

planting o f  n a p ie r  g r a s s  i n  s t r i p s  a c r o s s  f i e l d s  a s  shown in  

'able 7.

4.1.2 Land utilisation patterns

Mixed fa rm ing  was p r a c t i s e d  in  a l l  the d i s t r i c t s  under 

study. Among the m ajor l i v e s t o c k  k in d s  u n i v e r s a l l y  kept were 

cattle of v a r io u s  breeds and p o u l t r y .  Keeping o f  g o a t s  was 

mainly p reva lent  i n  N yachek i D i v i s i o n ,  K i s i i  D i s t r i c t  w hereas 

sheep rea r in g  was common i n  Lu kuyan i D i v i s i o n ,  Kakamega 

D is t r ic t .  The major c ro p s  grown in c lu d e d  maize, bananas, 

millet, ca ssava  and sweet p o ta toe s .  There were v a r io u s  l e v e l s  

of cash cropp ing  i n  the a re a s .  Tea was a major cash  c rop  among 

a ll c lu s t e r s  o f K i s i i  D i s t r i c t  whereas suga rcane  was the s o le  

cash crop in  Mumias, Khw isero  and S h in y a lu  D i v i s i o n s  in  

Kakamega D i s t r i c t .  U n l ik e  i n  Kakamega D i s t r i c t ,  where 

sugarcane was the s o le  ca sh  c rop ,  bananas, p in e a p p le s  and 

sugarcane ( f o r  chew ing)  and c o f fe e  were o th e r  major cash  c r o p s  

grown in  K i s i i  D i s t r i c t .

Un like  in  the o th e r  two d i s t r i c t s ,  T ra n s -N zo ia  D i s t r i c t  

and Lukuyani D i v i s i o n ,  Kakamega D i s t r i c t ,  were a rea s  where 

maize p roduction  i s  the major fa rm ing  a c t i v i t y .  There was no 

other crop o f  s i g n i f i c a n c e  grown f o r  commercial pu rpo se s  i n
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-hese areas, o th e r  than maize. These a re a s  a l s o  d i f f e r e d  from 

< is i i  D i s t r i c t  and most p a r t s  o f  Kakamega D i s t r i c t  i n  t h a t  

dairying was an im p o rtan t  a c t i v i t y  whereby the improved 

(Grade) c a t t le  were p red om inan t ly  kept.

Maize was grown i n  K i s i i  D i s t r i c t  p r im a r i l y  f o r  

subsistence. T h is  was a l s o  the ca se  f o r  Kakamega D i s t r i c t  

except lukuyan i D i v i s i o n .  In  T ra n s  Nzo ia  D i s t r i c t  and Lu kuyan i 

D ivision o f  Kakamega D i s t r i c t ,  maize was m a in ly  grown a s  a 

commercial crop.

4.1.3 Maize production

Maize occup ied  an average  o f  34.1 percent, 42 .5  pe rcent 

and 59.5 percent o f  t o t a l  farm s i z e  in  K i s i i ,  Kakamega and 

Trans Nzoia D i s t r i c t s ,  r e s p e c t i v e ly .  T h i s  shows the d i f f e r e n t  

levels of im portance o f  maize p ro d u c t io n  i n  these  d i s t r i c t s .

In Trans N zo ia  D i s t r i c t ,  Lukuyan i D i v i s i o n  and K i s i i  

D is t r ic t ,  maize p ro d u c t io n  took the prime land .  The c rop  a l s o  

took a s i g n i f i c a n t  p ro p o r t io n  o f  the land  under food c ro p s .  

Hovrever, i n  the sugarcane  grow ing  a re a s  o f  Kakamega D i s t r i c t  

(Shinyalu, Khw ise ro  and Mumias D i v i s i o n s ) ,  a l l  prime land  was 

devoted to  sugarcane  p rod uc t ion .  The l e s s  f e r t i l e  land  and 

va lley  bottoms w hich are  i n a c c e s s ib le  to t r a c t o r s  which f e r r y  

the cane to  the s u g a r  f a c t o r i e s  were devoted to  maize 

production. Maize was a l s o  grown in  v a l l e y  bottoms p a r t l y  

because o f  l e s s  s t r i g a  in c id e n ce .

Sugarcane appeared to  occupy a l l  the a v a i l a b le  good land 

in  the lower p a r t s  o f  Kakamega D i s t r i c t  and i t s  e xp an s ion
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looked u n c o n t ro l la b le .  T h i s  o b s e r v a t io n  su p p o r t s  an e a r l i e r  

study by Ochieng (1981) who repo rted  t h a t  o f  the 2 .1 6  ha mean 

farn owned by Mumias fa rm ers,  1.2  ha was devoted  to  suga rcane  

oroduction making i t  the most im p o rtan t  c ro p  in  the area i n  

terms of area cove rage .  T h i s  has im p l i c a t i o n s  on the f u t u re  

food sta tu s  o f the  re g io n  s in c e  maize i s  the major food c rop .  

Soon, the reg ion  may be tu rned  in t o  a maize d e f i c i t  area i f  

the trend c o n t in u e s  a lth o u g h  c l i m a t i c a l l y  i t  has good 

potential f o r  food  p rod uc t ion .

Hybrid maize was grown by a m a jo r i t y  o f  the fa rm e rs ;  95 

percent, 65 pe rcent,  and 100 pe rcent i n  K i s i i ,  Kakamega and 

Trans Nzoia D i s t r i c t s ,  r e s p e c t i v e ly .  However, i n  some p a r t s  of 

Kakamega D i s t r i c t ,  l o c a l  unimproved maize v a r i e t i e s  which  are 

less respons ive  t o  f e r t i l i z e r  a p p l i c a t i o n  were grown. T h i s  was 

because i t  was p e rce ived  th a t  the l o c a l  v a r i e t i e s  o f f e re d  

better r e s i s t a n c e  to  s t r i g a ,  a weed which when p re sent 

d ra s t ic a l l y  reduces maize y i e l d s .  Some fa rm e rs  in  p a r t s  o f  

K i s i i  and Kakamega D i s t r i c t s  a l s o  grew se v e ra l  d i f f e r e n t  

v a r ie t ie s  even i n  the same f i e l d  a s  a r i s k  m in im is in g  s t r a t e g y  

to ensure food s e c u r i t y .  The most popu la r  v a r ie t y  in  K i s i i  

D i s t r i c t  by f a r  was H625 w h ile  H614 was p o p u la r  i n  T ra n s  

Nzoia D i s t r i c t .  The two v a r i e t i e s  were grown in  a lm ost eq u a l  

p roport ions  i n  Kakamega D i s t r i c t .  The main season maize 

cropping c a le n d a r  i n  the re g io n  i s  shown i n  Table 8.
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Table 8: Main season maize cropping calendar in the region.

Jan Feb Mar Apr May Jun J u ly  Aug Sep Oct Nov Dec

K i s i i &&&&&&&#&##&##&## %%%%%%%

Kakamega * * * * **&&&&&&&&&####### %%%%%%%%%%%%

Trans
Nzoia

* * * * * * * * *  *&&&&&&&&&######## %%%%%%%%%%%

Key:

* * * * * * *  Land p r e p a r a t i o n  &&&&&&&&& P l a n t i n g

####### Weeding %%%%%%%%% H a rv e s t in g .

Mate cropping patterns

Knowledge o f  c ro p p in g  p a t te rn s  i s  e s s e n t i a l  in  

understanding f e r t i l i z e r  use p a t te rn s .  The c ro p p in g  p a t te rn  o f  

a region i s  however governed by among o th e r  f a c t o r s ,  c l im a te ,  

so il type, p o p u la t io n  d e n s i t y  and farm er re sou rce s .  There were 

several maize c ro p p in g  system s w hich were ob se rved  (Tab le  9).  

The major one was in t e r c r o p p in g ,  o f  which the maize/beans 

intercrop was the most common. F e r t i l i z e r  use i n  maize was the 

same as f e r t i l i z e r  use in  maize in t e r c ro p p in g  system s as the  

intercrops never g o t  a d d i t i n a l  f e r t i l i z e r s .
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Table 9: Intercropping patterns in Kisii, Kakamega and Trans Nzoia Districts.

Pe rcen t  of fa rm ers

Intercropping K i s i i Kakamega Tran s  N zo ia
oattern ( n=36) (n=24) (n =3 2 )

Haize/beans 84 87 .5 100
Haize/bananas 14 0 0
Maize/sugarcane 14 0 0
Maize/Other’ 25 12 .5 0

Soiree: Survey data.

millet, pyrethrum, i r i s h  po ta toe s,  p in ea p p le s .

Punestand maize c ro p p in g  was not a common p ra c t ic e .

However, in  Nyachek i D i v i s i o n ,  K i s i i  D i s t r i c t  a new c ro p p in g  

pattern, has evo lved  ove r  the p a s t  three  yea rs .  T h is  i n v o l v e s  

planting pure stand maize and when maize has t a s s e l l e d ,  the  

farmers re la y  i t  w ith  beans d u r in g  the long  r a i n s  season.

Relay cropp ing i s  s a id  to have an advantage i n  i n c r e a s in g  bean 

yields over c o n v e n t io n a l  i n t e r c r o p p in g . However, the re  a re  no 

agronomic re sea rch  f i n d i n g s  a v a i l a b le  to  a s c e r t a in  the 

authentic ity  o f the f a r m e r s ’ c la im .

4.1.4 Fertilizer use in maize

F e r t i l i z e r  use i n  maize was examined in  terms o f  ty p e s  

used, q u a n t i t ie s  a p p l ie d ,  t re n d s  o f  use and a c c e s s  o f  fa rm ers  

to the f e r t i l i z e r s .
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Fertilizer use by type

The purchase o f  d i f f e r e n t  k i n d s  o f  f e r t i l i z e r  by fa rm e rs  

«as used a s  a p roxy f o r  a v a i l a b i l i t y  o f  the r i g h t  type o f  

f e r t i l i z e r .  The fa rm ers  rep o rted  th a t  the r i g h t  package s i z e  

of f e r t i l i z e r  req u ired  was not a problem as  a l l  a v a i l a b le  

f e r t i l i z e r  package s i z e s  (10 kg, 25 kg and 50 kg) were 

ava ilab le  i n  a l l  re g io n s .

After market l i b e r a l i s a t i o n  o f  f e r t i l i z e r s  i n  1990, 

procurement and d i s t r i b u t i o n  o f  f e r t i l i z e r s  i s  now done by 

both p u b l ic  and p r iv a t e  s e c t o r s .

S e v e ra l  f e r t i l i z e r  typ e s  commonly a v a i l a b l e  i n  the market 

were used i n  maize p rod uc t ion .  Diammonium Phosphate (DAP, 

18:46:0) was by f a r  the most p o p u la r  p la n t in g  f e r t i l i z e r  used 

whereas Urea ( 4 6 :0 :0 )  and Ca lc ium  Ammonium N i t r a t e  ( 2 6 :0 :0 )  

were p o p u la r  in  t o p d r e s s in g .  Tab le  10 shows the d i f f e r e n t  

f e r t i l i z e r  type s  a s  used by fa rm ers.

Table 10: Use of different fertlizer type by farmers.

Type Percent of fa rm ers

K i s i i
(n=40)

Kakamega
(n=25)

T ran s  N zo ia  
(n =3 7 )

DAP 92 .5 68 67 .6
20 :20 :0 2 .5 4 0
23 :23 :0 0 12 5.4
2 5 : 5 :5+5S 25.0 0 0
Urea 0 52 30 .0
CAN 5.0 20 42.2
MAP ( 1 1 :50 :0 ) 0 0 5 .4

Jo u c e : Survey data.
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Use of NPK (2 5 :5 :5+5S) i n  p a rts  o f  K i s i i  D i s t r i c t  

indicated cases o f  f e r t i l i z e r  d ive r te d  from the tea indu stry .  

This type of f e r t i l i z e r  i s  p rov ided  by Kenya Tea Development 

Authority (KTDA) f o r  use in  tea  production. E igh ty  percent of 

the 10 farmers who used 25 :5 :5+5 S  in  K i s i i  D i s t r i c t  used i t  

fo rtopd re ssing . S im i l a r l y ,  the re  was w idespread use of Urea 

in topdressing maize e s p e c ia l l y  in  Mumias D i v i s i o n ,  Kakamega 

District. The Urea i s  prov ided  by Mumias S u g a r  company f o r  

sugarcane production but d iv e r te d  to maize production.

Rate of application of N and P2Os by district/duster, Versus the recommended

rates

Fe rt i l ize r  use l e v e l s  'were qu ite  v a r ia b le  a c ro ss  the 

districts and even w ith in  each d i s t r i c t  (Table 11). The 

average leve ls  o f  basa l f e r t i l i z e r  use were 19.3, 22.3 and

45.5 kg of n u t r ie n t s  per ha f o r  K i s i i ,  Kakamega and Trans 

Nzoia D is t r ic t s ,  re sp e c t iv e ly ,  and 12.5, 31 .5  and 47.0 kg of 

nutrients per ha re sp e c t iv e ly ,  f o r  to p -d re s s in g .  F e r t i l i z e r  

use was higher in  s in g le  season cropp ing  a re a s  o f Trans Nzoia 

District and Lukuyani D i v i s i o n ,  Kakamega D i s t r i c t .  These areas 

fall within the former "White h ig h la n d s "  and have on ly  been 

recently exposed to con t inuous  c ropp ing. In  K i s i i  D i s t r i c t ,  

u t il ize r  use in  maize a t  p la n t in g  was common but l i t t l e  i f  

any topdressing took place. In  Kakamega d i s t r i c t  e s p e c ia l l y  in 

•'jmias area, there was minimal use of p la n t in g  f e r t i l i z e r .

’’is could be a t t r ib u te d  to the b e l ie f  tha t  v a l le y  bottoms are 

f®rtile and the re fo re  d o n ’t w arrant use o f f e r t i l i z e r s .  Th is
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belief was found to  be untrue  a s  the s o i l  t e s t  r e s u l t s  from  

the area in d ic a te d  that a l l  fa rm s had low phosphorous l e v e l s .

Table 11: Quantities of fertilizer nutrients (N and P)in kg/ha used in maize 

production in Western Kenya.

Region A c tu a l  rate Recommended 
rate (FURP)

B a sa l
(P)

a p p l ic a t io n Top d re s s (N) P N

- Min Mean Max Min Mean Max Mean Mean

Keumbu 2 .3 29.4 57.5 1.8 11 .5 2 2 .5 50 0

Nyamache 11.5 19.5 32.8 4 .8 7.0 12.8 50 0

Nyacheki 0 .3 9. 1 18.8 2 .0 6 .6 18.5 50 0

Ogembo 7 .0 19.0 35.0 2.5 25.0 7 0 .4 75 0

KSI 0 .3 19.3 57.5 1 .8 12.5 7 0 .4

Mumias 0 . 0 5.6 30.0 0 . 0 20 .7 75 .5 25 0

Sh inya lu 0 . 0 20.6 76.8 0 . 0 8.0 30 .0 25 0

Khwisero 0 . 0 4.5 57.5 0 . 0 2.3 11.3 0 0

Lukuyani 28 .8 58.4 115.0 55.5 95 .9 121.0 0 75

KAK 0 . 0 22.3 115.0 0 . 0 31 .7 121.0

Moto I  & 
I I

0 . 0 43.4 57.5 0 . 0 25.8 49 .5 0 75

Mateket 14.5 59.8 115.0 0 . 0 50 .5 135.0 0 75

Sirende 0 . 0 36. 1 100. 0 0 . 0 43 .4 90 .0 0 75

Kapomboi 0 . 0 42.7 76.8 0 . 0 68 .3 80 .5 0 75

T/NZ 0 . 0

_____7---------------T T

45.5 115.0 0 . 0 47 .0 135.0
Soiree: Author’s survey, 1995.

where K S I ,  KAK and T/NZ re fe r  to  K i s i i ,  Kakamega and T ran s
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I ^zoia d i s t r i c t s  r e s p e c t iv e ly .

■  However, use  o f  Urea f o r  t o p d r e s s in g  i s  common. Most fa rm ers  

I #tio app lied  f e r t i l i z e r  on maize d id  not use i t  on the o th e r  

I  food c rop s  grown in  the farm. The major rea son  g iv e n  was th a t  

I  due to i n s u f f i c i e n t  cash, maize was g iv e n  f i r s t  p r i o r i t y  

oecause i t  i s  the main s t a p le  food  c rop . T h i s  shows th a t  

' besides f e r t i l i z e r  p r ice ,  o th e r  f a c t o r s  such a s  s u b s i s t e n c e  

p ressu re  dete rm ine  the use o f  f e r t i l i z e r  in  maize.

FURP w h ich  conducted On-farm  re se a rc h e r  managed t r i a l s  in  

71 s i t e s  a c r o s s  the c o u n t ry  f o r  f i v e  y e a r s  came up w ith  s i t e  

specific recommendations. Recommendations f o r  t h i s  re g ion  are  

presented (Tab le  11). The recommendations 'were based on va lue  

- cost ( i . e .  p r ic e  o f  one kg o f  maize : p r i c e  o f  one kg o f  

f e r t i l i z e r  n u t r ie n t )  a n a l y s i s  o f  the e s t im a te d  maize response  

to f e r t i l i z e r  use model. The recommendations a re  the economic 

optimum l e v e l s  o f  f e r t i l i z e r  use based on the  va lue  - c o s t  

method. However, these recommendations are prone to  change 

with c h a n g e s  in  va lue  - c o s t  r a t i o  due to change s  i n  r e l a t i v e  

prices o f  maize and f e r t i l i z e r .

The r e s u l t s  o f  comparing FURP recommendations and the 

current l e v e l s  o f  f e r t i l i z e r  a p p l i c a t i o n  f o r  K i s i i  D i s t r i c t  

ind icated  t h a t  fa rm ers  a p p l ie d  l e s s  than 50 p e rcen t  o f the 

recommended phosphorus. However, they a p p l ie d  sm a ll  amounts of 

n itrogen  a l t h o u g h  FURP d id  not recommend use o f  n i t r o g e n  in  

K i s i i  D i s t r i c t .  In  Kakamega D i s t r i c t ,  fa rm e rs  in  Mumias and 

Lukuyani c l u s t e r s  a p p l ie d  about 25 pe rcent and 80 percent 

r e s p e c t i v e ly  o f  FURP’s recommendation o f  25  kg N/ha and 75 kg 

N/ha r e s p e c t i v e l y .  Farmers in  Khw isero  c l u s t e r  used l i t t l e  

n i t ro g e n o u s  f e r t i l i z e r s .  T h is  was c o n s i s t e n t  w ith
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FURP’s recommendation o f  no use o f  n i t r o g e n o u s  f e r t i l i z e r s  in  

the area.

In  T ran s  Nzo ia  D i s t r i c t ,  fa rm e rs  a p p l ie d  about 63 p e rcen t  

of FURP’s recommendation o f  n i t r o g e n .  However, they a p p l ie d  an 

average o f  45.5  kg P/ha c o n t r a r y  to FURP’s recommendation o f  

no phosphorus use.

Reasons f o r  fa rm ers not f o l l o w in g  FURP’ s recommendations were 

however not c le a r .  However, a c c o rd in g  to  t h i s  su rvey,  some o f  

the reasons f o r  su b -op t im a l use o f  f e r t i l i z e r s  in  t h i s  r e g io n  

include la c k  o f  knowledge on r a t e s  o f use, b e l i e f  th a t  t h e i r  

farms were f e r t i l e ,  inadequate  ca sh  and h igh  f e r t i l i z e r  p r ic e .

Fertilizer use by farm size

The r e l a t i o n s h ip  between farm  s iz e  and amount o f  

f e r t i l i z e r  used was ana lyzed  i n  o rde r  to  determ ine how 

uniform ly f e r t i l i z e r s  were used w it h in  the sm a l lh o ld e r  maize 

sector. The purpose was to  in d ic a t e  whether t h i s  te c h n o lo g y  

has any s i z e  b ia s .  For p u rp o se s  o f  t h i s  s tud y ,  farm s iz e  among 

sm a llho lde r  maize farm ers was grouped in t o  th re e  c a t e g o r ie s .  

The mean ra te s  o f  f e r t i l i z e r  use by farm c a te g o ry  are  

presented in  Table 12.
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Table 12: Fertilizer use (kg/ha) by farm size by district

K i s i i Kakamega T ran s
Nzoia

mean

Farm
s ize
(ha)

N P A N P A N P A N P A

< 2 . 0 13.6
(27)

21 .3 
(27)

32 .6
(26)

20 .5
(26)

39 .9
(34)

42 .2
(34)

31.1
(87)

2 9 .2
(87 )

2 .1 -5 .0 9. 0 
(12)

14.4
(12)

20 .9
(9)

24.5
(9)

63 .3
(3)

8 5 .0
(3)

20 .3
(24)

27.1
(24 )

> 5 . 0 22 .0
(1)

19.3
(1)

43.6
(5)

18.4
(5)

20 .5
(2)

65 .8
(2)

35. 1
(8)

3 0 .4
(8 )

Source: Survey data.

() figures in brackets show the number of farmers in each farm size category.

The r e s u l t s  in d ic a te d  tha t  even sm a ll  s c a le  fa rm ers  who 

are p r i m a r i l y  su b s is te n c e  o r ie n te d  found i t  w orthw h ile  to  use 

f e r t i l i z e r s .  The mean rate  o f  the  sm a l le s t  farm  ca te go ry  used

31.1 kg N and 29 .2  kg P205 /ha w h i le  th a t  o f  the l a r g e s t  sm a l l  

scale farm  c a te g o ry  used 35.1 kg N and 30 .4  kg P205/ha. In  the 

middle c a te g o r y ,  a mean o f  20 .3  kg N/ha and 27 .1  kg P205/ha 

were used. In  the absence o f  a d i s c e r n i b l e  t rend ,  one c o u ld  

only s u g g e s t  th a t  f e r t i l i z e r  use in  the s tu d y  area d id  not 

have a s c a le  b ia s .

Trends of fertilizer use

W h ile  more than  75 percent o f  the fa rm e rs  who used 

f e r t i l i z e r s  had done so before, the m a jo r i t y  o f  them in d ic a t e d
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that they had not changed the r a te  o f  use. T ab le  13 shows a 

summary of the t re n d s  in  the r a te  o f  use o v e r  the ye a r s  s in c e  

time of f i r s t  use.

Table 13: Temporal trends in fertlizer use.

T rend
Percent fa rm ers

K i s i i
(n=40)

Kakamega
(n=26)

T rans 
Nzoia  
(n=38 )

Maintained ra te  o f  use 50 69.2 59
Increased rate  o f  use 37 .5 15.4 18

■ Reduced rate  of use 12 .5 15.4 23
Sowce: Survey data.

An in q u i r y  i n t o  why about 60 percent o f  the fa rm ers  had 

maintained the ra te  o f  f e r t i l i z e r  use i n  repo rted  a re a s  

revealed tha t  the most im p o rtan t  rea son s  were h igh  f e r t i l i z e r  

price and f a rm e r s ’ b e l i e f  th a t  the  q u a n t i t i e s  o f  f e r t i l i z e r s  

they app lied  were adequate (Tab le  14).

The fa rm ers who in d ic a te d  an in c re a se  i n  f e r t i l i z e r  use 

in th e ir  f i e l d s  had the d e s i r e  to  in c re a se  y i e l d s .  However, 

about 19 percent o f  them b e l ie ve d  tha t  t h e i r  s o i l s  were 

f e r t i le .
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Table 14: Farmers’ reasons for continued maintenance of
tertllzation levels.

Reason
Number o f fa rm ers

% of

K i s i i Kakamega T rans 
Nzo ia

t o t a l  who 
m a in ta in

F e r t i l i z e r  
rate adequate 14 8 6 39. 5
High
f e r t i l i z e r  

I p rice 8 8 19 49. 3
Uses Farm 
Yard Manure 0 3 1 5 .6
Other 3 0 0 4.2
Tota l 26 19 26

Soiree: Survey data.
Frequency exceeds number o f  those  in te rv ie w e d  due to  m u lt ip le

"esponses.

The reported re d u c t io n  o r  non use o f  f e r t i l i z e r s  was sa id  

to be due to lack  o f  cash  to  purchase  and t r a n s p o r t  

f e r t i l i z e r s ,  and too  much ra in .  The l a t t e r  reduces the 

response o f  maize to f e r t i l i z e r  a p p l i c a t io n  a s  pa rt  o f  the  

applied f e r t i l i z e r  i s  leached in t o  deeper s o i l  h o r iz o n s  and / 

or washed away a s  p a rt  o f  the eroded s o i l s .  T h i s  then re n d e rs  

th is  f e r t i l i z e r  p o r t io n  u n a v a i la b le  to the maize p lan t.

Fanners’ access to fertilizer use

Fa rm ers’ use o f  f e r t i l i z e r  can be in f lu e n c e d  by 

f e r t i l i z e r  sup p ly  and d i s t r i b u t i o n  network. The r i g h t  

f e r t i l i z e r  shou ld  be a v a i l a b le  a t  the r i g h t  p lace  and r i g h t  

time a t  the a f f o r d a b le  p r ic e  i . e .  a v a i l a b i l i t y  o f  f e r t i l i z e r  

at the r i g h t  time i n  a c c e s s ib le  l o c a t io n s  i s  im portan t.  No 

data were however c o l le c t e d  on f e r t i l i z e r  p rocurem ent and 

d i s t r ib u t io n .  However, p ro x ie s  were used to  draw  in f e r e n c e s  on 

them. C re d it  a v a i l a b i l i t y  im proves f a rm e r s ’ l i q u i d i t y  p o s i t i o n
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and was used as a p roxy f o r  f i n a n c i a l  a c ce s s  to  f e r t i l i z e r  

jse. B a s i c a l l y ,  the re  are s e v e r a l  d i f f e r e n t  so u rc e s  from where 

smallholder fa rm ers  in  Kenya may ge t  c r e d i t  to  purchase farm  

inputs. F i r s t ,  money may be r a i s e d  d i r e c t l y  from  s a le  o f  farm 

produce. Second, p r iv a te  money le n d e r s  may s u p p ly  the c a p i t a l  

squ ired . T h ird ,  ca sh  may be o b ta in e d  from com m ercia l banks, 

cooperatives o r  the A g r i c u l t u r a l  F inance C o rp o ra t io n  (AFC). In 

case o f  fo rm a l i s e d  c r e d i t  i n s t i t u t i o n s ,  a number o f  

r e s t r ic t io n s  e x i s t .  These r e s t r i c t i o n s  in c lu d e :  s i z e  o f 

farmer’s land  h o ld in g ,  a f a r m e r ’ s membership ( i n  case  o f  

Cooperative c r e d i t )  and c r e d i t  w o rth in e s s .  The su rvey,  

however, found ou t  th a t  i n  1995 a l l  sampled fa rm ers  f in a n ce d  

f e r t i l i z e r  p u rcha se s  o u t s id e  fo rm a l c r e d i t .  Most fa rm ers  i n  

the three d i s t r i c t s  in d ic a te d  t h a t  they f in a n c e d  t h e i r  

f e r t i l i z e r  p u rcha se s  th rough  c ro p  s a le s ,  l i v e s t o c k  s a le s  and 

off farm employment.

D is ta n ce  t r a v e l l e d  to  the nea re st  com mercia l bank o r  

A g r ic u lt u ra l  F inance  C o rp o ra t io n  (AFC) was used as a p ro xy  to 

physical a c ce s s  to  c r e d i t .  I t  was expected t h a t  the ne a re r  

farmers 'were to c r e d i t  i n s t i t u t i o n s ,  the g r e a t e r  exposu re  they 

could have to c r e d i t  use. However, none o f  the  sampled fa rm ers  

used c r e d i t  in  1995 because th e y  cou ld  not meet the minimum 

AFC loan award e l e g i b i l i t y  c r i t e r i a ,  hence the  h y p o th e s is  

could not be te s te d .

The s tud y  a l s o  revea led  t h a t  d e sp ite  the  fa c t  th a t  i n  

K i s i i  and Kakamega D i s t r i c t s ,  land  a d ju d ic a t io n  took  p la ce  two 

to three decades ago, s t i l l  36 per cent o f  the fa rm ers had no 

t i t le  deeds hence had no c o l l a t e r a l  to  o f f e r  to  le n d in g
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i n s t i t u t i o n s  i n  o rd e r  to g e t  formal c re d it .

The mean d is t a n c e  a fa rm er t ra ve l le d  to the market to  

purchase f e r t i l i z e r  was used as a proxy to  p h y s ic a l  a c ce s s  to 

f e r t i l i z e r .  T h i s  i s  a l s o  re fe rre d  to as market access. I t  was 

postu lated  t h a t  as the d i s t a n c e  to the market in c rea se s ,  the 

purchase o f  f e r t i l i z e r  was a n t ic ip a te d  to  decrease. Table 15 

shows the mean d i s t a n c e s  covered  to purchase f e r t i l i z e r s  and 

the modes o f  t r a n s p o r t  used. The state  o f  most roads was 

murrain, some o f  which were rendered im passab le  du r ing  the 

rainy se a son s.  The r e s u l t s  showed that K i s i i  farmers on 

average t r a v e l l e d  s h o r t e s t  d is t a n c e s  to f e r t i l i z e r  markets as 

opposed to T ra n s  Nzoia  fa rm e rs  who t r a v e l le d  lon ge st  

d is tance s.  T h i s  means th a t  farm ers in  the K i s i i  sample were 

most a c c e s s i b l e  to f e r t i l i z e r s .  However, the Trans Nzoia 

farmers who were l e a s t  a c c e s s ib le  used the h ighe st  ra te s  o f  

f e r t i l i z e r .  T h i s  then im p l ie s  that o ther fa c to r s  were 

re spon s ib le  f o r  the ra te s  o f  f e r t i l i z e r  use in  these re g io n s  

rather than p h y s ic a l  a c ce s s  per se.

M o to r ise d  t r a n sp o r t  was used in  a l l  c a se s  as the mode o f  

t r a n sp o r t in g  f e r t i l i z e r s  to  the farms. Thus in  o rde r  f o r  the 

farmers to d e l i v e r  the f e r t i l i z e r s  to t h e i r  farmgates, they  

incu rred  some t r a n sp o r t  c o s t s .  The t r a n sp o r t  c o s t s  had two 

components: a f ix e d  component and a v a r ia b le  component. The 

fixed  component was the f a re  that the farm er was charged while  

going to  pu rcha se  the f e r t i l i z e r s  and w h ile  d e l i v e r in g  i t  to 

the farm. T h i s  c o s t  was f i x e d  re g a rd le s s  o f  the q u a n t i t y  

d e live red .  However, i t  v a r ie d  with the d is t a n c e  t r a v e l le d .  The 

v a r ia b le  component was the amount charged to a farmer per bag



of f e r t i l i z e r  d e l iv e re d .  W h ile  any volume o f  f e r t i l i z e r  cou ld  

be t ran sp o rted ,  the t o t a l  per un it  co st  o f  t ra n sp o r ta t io n  

increased w ith  d ecrea s in g  q u a n t i t ie s  of f e r t i l i z e r s  de live red .  

Besides, fa rm e rs  who purchased low a n a l y s i s  f e r t i l i z e r s  such 

as C.A.N. in c u r re d  h ig h e r  t r a n sp o r ta t io n  c o s t s  per un it  un like  

those who used high a n a l y s i s  f e r t i l i z e r s  such as D .A.P.. Th is  

i s  because the  v a r ia b le  component o f  t r a n sp o r t a t io n  co st  was 

based on q u a n t i t y  o f  f e r t i l i z e r  ra the r  than q u a n t ity  of 

nu tr ien ts  d e l iv e re d .  For example: A farmer who t ran spo rted  5 * 

50 kg bag o f  DAP (1 8 :4 6 :0 )  from K it a le  to  Kapomboi incu rred  

Ksh. 25 .00  / bag and Ksh. 100.00 f o r  a re tu rn  fare. Th is  c o s t s  

the farmer Ksh. ((5 * 2 5 .0 0 )+  100.00 ))  = Ksh. 225.00 to 

t ran sport  ( 0 . 6 4 *5 * 5 0 )  = 160 kg o f  n u t r ie n t s ,  (S ince  DAP 

conta ins 0 .6 4  kg o f  n u t r ie n t s  /kg o f  DAP f e r t i l i z e r ) .  Thus the 

average c o s t  in cu r re d  by the farmer to t r a n sp o r t  one kg of 

n u t r ie n ts  i s  Ksh. (225 .00/160 )  = Ksh. 1.41. However, another 

ne ighbouring  farmer who purchased one 50 kg bag o f  CAN 

(26 :0 :0 ) in c u r re d  the same re tu rn  fare  a s  the o the r  one on top 

of Ksh. 2 5 .0 0  f o r  the bag o f  f e r t i l i z e r  t ran spo rted .  T h is  

farmer t h e re fo re  in c u r re d  Ksh. (100.00 + 25 .00 )  = 125.00 to 

t ran sp o r t  (0 .2 6 *5 0 )  = 13 kg o f  n u t r ie n t s  (S ince  one kg o f  CAN 

con ta in s  0 .2 6  kg o f  n u t r ie n t s ) .  Thus the farmer in cu rre d  Ksh. 

(125.00 / 13) = Ksh. 9 .6 0  to  t r a n sp o r t  one kg o f  n u t r ie n t s .

69



Table 15: Average distance and mode of transport used for fertilizer 
purchases, 1S95.

Reg ion Ave rage Mode o f  T ransport
d istance
(km) M o to r ised Other'

K i s i i Keumbu 4.5 100 0
Nyamache 2.8 100 0
Nyacheki 4.3 100 0
Ogembo 2.1 100 0

Kakamega Mumias 10.9 100 0
S h in y a lu 1 .4 100 0
Khw isero 5.0 100 0
Lukuyan i 12.1 100 0

Trans
Nzoia

Moto I  & 
I I 27.3 100 0
Mateket 10.0 100 0
S irend e 8.3 100 0
Kapomboi 25.0 100 0

Source: Survey data, 
bicycle, foot, draught animal.

Farmers5 perceptions of constraints to fertilizer use

Most fa rm ers  know th a t  use o f  f e r t i l i z e r s  w i l l  enhance 

maize y i e l d s ,  however, the q u a n t i t ie s  a p p l ie d  v a r ied  ve ry  much 

at the time o f  p la n t in g  and to p d re ss in g .  Farmers were asked 

the re a son s  f o r  low f e r t i l i z e r  a p p l i c a t io n  a s  a means o f  

i d e n t i f y in g  the c o n s t r a in t s  that m i l i t a t e d  a g a in s t  f e r t i l i z e r  

use. The most im portant c o n s t r a in t s  were h igh  f e r t i l i s e r  

price, la c k  o f  c re d it ,  low  price  o f  maize, maize d i s e a s e s  and 

pests, and poor weather c o n d it io n s  (Tab le  16). H igh  f e r t i l i s e r  

price meant th a t  fewer fa rm ers  bought f e r t i l i z e r s  or those  

farmers who were aware o f  f e r t i l i z e r  use b e n e f i t s ,  o n ly  bought, 

" sm a l l "  q u a n t i t ie s .  Lack o f  c r e d i t  and low  maize price  im p lied  

low l i q u i d i t y  p o s i t io n  o f  the farm ers who i n  tu rn  responded by

reducing o r  not" u s in g  f e r t i l i z e r s  at a l l .  The three  f a c t o r s

waihobi university 
ifAftFTE LIBRARY
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c o l le c t iv e ly  accounted f o r  o v e r  50 percent o f  the ma]or 

reasons advanced by fa rm ers  a s  the c o n s t r a in t s  to f e r t i l i z e r  

use in  each d i s t r i c t .  Maize d is e a se s  and p e s t s  were g iv e n  by 

67 percent o f  the farm ers i n  Trans Nzoia. Notable  among them 

aere; maize s t a l k  borer, roden ts  and maize b l ig h t .  Presence of 

these f a c t o r s  led  to maize y i e ld  reduc t ion ,  thus low farm 

revenue le a d in g  to  low  fa rm er l i q u i d i t y  p o s i t io n  and 

presumably low  f e r t i l i z e r  use. F i f teen  p e rcen t  o f  the fa rm ers 

in Kakamega D i s t r i c t  reported  weeds as a problem to  f e r t i l i z e r  

use. These fa rm e rs  were m a in ly  from Mumias and Khwisero 

d iv i s io n s  where s t r i g a  i n f e s t a t i o n  o f  maize f i e l d s  reduces 

maize y i e l d s  s i g n i f i c a n t l y .  Poor weather c o n d i t io n s  in  form of 

un re liab le  r a i n s ,  h a i l s t o rm s  and strong  w inds  e s p e c ia l l y  in  

Kakamega d i s t r i c t  'were a l s o  reported as f a c t o r s  th a t  reduce 

maize y i e l d s  and sub se q u e n t ly  led to low f e r t i l i z e r  use by

farmers.
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Table 16: Farmers’ responses to constraints to fertiizer use.

Response Percent of farm ers

K i s i i Kakamega Tran s
Nzoia

High f e r t i l i z e r  p r ic e 87.5 82 .5 67 .5
Lack of c r e d i t 67.5 6 5 .0 37 .5
Low p r ice  of maize 50.0 5 0 .0 70 .0
F e r t i l i z e r  not a v a i l a b le 10.0 2 2 .5 12.5
Right f e r t i l i z e r  package 
unavailable 5.0 2 . 5 0
Adequate s o i l  f e r t i l i t y 7.5 3 0 .0 5 .0
Poor weather (d rough t,  w ind) 0 4 7 .5 22 .5
Labour sh o r ta g e 0 7 . 5 0
Lack of cash 27.5 17 .5 10 .0
Maize d i s e a s e s  and p e s t s 25 .0 5 .0 6 7 .5
Weeds (couch and s t r i g a ) 5.0 15 .0 0

| Poor maize v a r i e t y  a v a i l a b l e 2.5 0 2 . 5
soiree: Survey data.

4.1.5 Farm Yard manure use in maize

Farm Yard  manure i s  used to  in c re a se  s o i l  f e r t i l i t y ,  as 

i s  the case f o r  in o r g a n ic  f e r t i l i z e r s .  Thus s in ce  both are  

used f o r  the same purpose, use o f Farm Ya rd  Manure may 

influence use and amounts o f  a r t i f i c i a l  f e r t i l i z e r s  used. I t  

was the re fo re  im portan t  to e s t a b l i s h  whether a r e l a t i o n s h i p  

e x ists  between the two.

Farm Yard  Manure use was qu ite  v a r ie d .  The amounts 

applied a l s o  v a r ie d  g r e a t l y ,  from se v e ra l  k i lo g ra m s  to  a few 

tonnes per hecta re .  The most common method o f  Farm Yard  Manure 

preparation in v o lv e d  heap ing i t  out o f  the  boma f o r  f u l l  

decomposition before a p p l ic a t io n .  Out o f  the 40 sample fa rm ers 

for each d i s t r i c t ,  o n ly  15 percent, 57 .5  percent, and 25 

percent o f  the  fa rm ers  in  K i s i i ,  Kakamega, and Trans N zo ia  

re sp e c t iv e ly  used Farm Yard  Manure. In  a l l  c a se s  the Farm Yard 

Manure was a p p l ie d  before  p la n t in g  and was spread in  p la n t in g
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holes o r  fu rrow s.

Re sp ite  the  w idespread  keeping o f l i v e s t o c k  in  a l l  areas 

sxcept i n  Kapomboi, T ran s  N zo ia  D i s t r i c t ,  i t  was apparen t that 

use or o r g a n ic  manure has not been in te g ra te d  as a f e r t i l i t y  

enhancing s t r a t e g y  in  the s tu d y  area. M anuring  i s  more labour  

intensive  compared to f e r t i l i z e r  use and t h i s  p a r t l y  e x p la in s  

it s  minimal use. There was a l s o  lack  of adequate amounts due 

to the keep ing  o f  a few a n im a ls  under e x te n s iv e  g r a z in g  

systems. Thus, in o r g a n ic  f e r t i l i z e r s  are p re fe r re d  presumably 

because o f  t h e i r  a v a i l a b i l i t y  and a ls o  due to them be ing  le s s  

labour in t e n s i v e .

a 2 Resuits and d iscu ssio n s of the Multiple Regression A n alyses on

fertilizer use determ inants.

The r e g re s s io n  a n a ly s e s  on de te rm inan ts  o f  f e r t i l i z e r  use 

at farm l e v e l  con s id e red  o n ly  farmers who used f e r t i l i z e r s ,  

h is i s  because i f  fa rm ers  who never used f e r t i l i z e r  were 

included in  the a n a l y s i s ,  the OLS e s t im a te s  would be b iased  

cecause the dependent v a r i a b le  could have ze ros  as 

o b se rv a t io n s  (Pa r ikh ,  A ., 1990). The r e s u l t s  which a re  g iven 

by d i s t r i c t  d i s c u s s  the independent v a r i a b le s  th a t  were found 

to be s t a t i s t i c a l l y  s i g n i f i c a n t  a t  5 pe rcent l e v e l  o r  below.

'he o th e r  independent v a r i a b le s  w ith p e c u l ia r  o r  unexpected 

r e s u l t s  a lt h o u g h  not s t a t i s t i c a l l y  s i g n i f i c a n t  are a l s o  

d iscu ssed .  Tab le  17 shows the m u lt ip le  r e g r e s s io n  r e s u l t s  on 

determ inants o f  f e r t i l i z e r  use in  K i s i i  D i s t r i c t .
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Table 17: M ultiple Regression Results on determinants of fertilizer use in Kisii 
District.

V a r ia b le 6 S.E. t

Farm Yard Manure (Fym)
Sa le s
Norm alised Fe rt.  P r ic e  (Npf) 
O ff-fa rm  employment (O ff)
Land s i z e  (W)
Inherent S o i l  F e r t i l i t y  ( In p k )  
Extens ion  Contact (Ext)  
(Constant)

17.089 
1 .4E-04 
-16.366 
8.754 
-1.408 
0.908 
10.249 

119.531

7.230 
1 . 236E-04 

3.509 
5.525 
2.033 
3.043 
5.947 
31.642

2 .3 6 4 ’” 
1. 132 

- 4 . 6 6 4 ' "  
1.585 

-0 .692  
0.298 
1 .7 24 ’ 

3 . 7 7 8 " '

R2 = 0.648 F = 8.404 D.W = 1.63
Adj R2 = 0.571 n = 40

S ig n i f i c a n c e  le v e ls :  * * *  = 1%; * *  = 5 % ;  * = 10%.

The est im ated  model i s  o f the form:

X = 119.53 + 10.25 Ext - 1.41 W + 8.75  O f f  + 0.91 Inpk - 

16.37 Npf + 1 .4  E-04 S a le s  + 17.09 Fym. The v a r io u s  v a r ia b le s  

used are  d e sc r ibed  in  se c t io n  3.4 .2 .

O v e ra l l  the model exp la ined  64.8 percent of the v a r ia t io n  

in rate  o f  n u t r ie n t s  app l ied .  Only Farm Yard  Manure use and 

normalised p r ic e  o f  f e r t i l i z e r  were s i g n i f i c a n t  a t the 1 

percent l e v e l  o f s i g n i f i c a n c e .  Extens ion  con tac t  was 

s i g n i f i c a n t  a t  10 percent le v e l  o f s i g n i f i c a n c e .

The r e la t i o n s h ip  between use o f  Farm Yard Manure and the 

rate o f  n u t r ie n t s  app lied  was p o s it iv e  and s i g n i f i c a n t .  Both 

in o rga n ic  f e r t i l i z e r s  and Farm Yard Manure enhance s o i l  

f e r t i l i t y  t h u s  in c re a s in g  crop  y ie ld s .  Thus, farm ers may use 

both so u rc e s  o f  the n u t r ie n t s  in  com binat ion  o r  one of them in  

i s o la t io n .  In  the former case, Farm Yard Manure i s  used to 

complement in o r g a n ic  f e r t i l i z e r s  and the l a t t e r  case 

rep re sen ts  a s i t u a t io n  where Farm Yard Manure i s  a s u b s t i t u te .  

The case  o f  Farm Yard Manure a c t in g  as a complement to
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in o rgan ic  f e r t i l i z e r  was the one observed i n  K i s i i  D i s t r i c t .  

This p a r t l y  can  be e x p la in e d  by the inadequate  su p p l ie s  o f  

Farm Yard Manure as ev idenced  by a sm all number o f an im als 

kept per farm  under e x te n s iv e  g ra z in g  system s. The inadequate 

sup p l ie s  a v a i l a b l e  i s  a l s o  shown by the sm a l l  number of 

farmers (6) who used Farm Yard Manure in  the sample.

The no rm a lised  p r ice  o f  f e r t i l i z e r  was s i g n i f i c a n t  (1 

percent l e v e l )  and had the expected negat ive  s ign .  Th is  

im p lie s  th a t  i f  the terms o f  trade are in  fa vo u r  o f  the 

farmer, more n u t r ie n t s  are app lied  and v ic e  versa, that i s ,  i f  

price o f  f e r t i l i z e r  per k i lo g ram  in c re a se s  more 

p ro p o r t io n a te ly  than to an in c rea se  in  p r ic e  o f  1 k i lo g ram  of 

maize, l e s s  n u t r ie n t s  w i l l  be app lied  and v ic e  versa. 

S p e c i f i c a l l y ,  an in c re a se  i n  the terms o f  trade  in  favour  o f  

f e r t i l i z e r  p r i c e  by one u n i t  w i l l  reduce n u t r ie n t s  app lied  by 

16.37 kg/ha.

The p o s i t i v e  and s i g n i f i c a n t  r e l a t i o n s h ip  between 

exten s ion  c o n t a c t s  and n u t r ie n t s  app lied  i s  c o n s i s t e n t  w ith  

e xp e c ta t io n s  th a t  e x te n s io n  contact in c re a se s  f e r t i l i z e r  use. 

The c o e f f i c i e n t  shows th a t  those w ith  e x te n s io n  contact used 

10.25 kg/ha o f  n u t r ie n t s  more than those w ithout.

The s a l e s  c o e f f i c i e n t ,  though p o s i t i v e  was not 

s t a t i s t i c a l l y  s i g n i f i c a n t  de sp ite  the h ig h  extent o f  cash 

cropp ing  and in c rea sed  com m erc ia l isa t io n  a s  shown by v a lu e s  o f 

to ta l  farm s a le s .  T h is  s u g g e s t s  th a t  money obta ined  from sa le  

of farm produce was not n e c e s s a r i l y  used to  purchase 

f e r t i l i z e r s .  T h is  can p a r t l y  be exp la ined  by the p lace maize 

occup ie s  i n  the economy o f  the d i s t r i c t .  Maize i s  norm a lly
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production i s  done over time, that i s ,  th rough  production both 

during the lo n g  and short  r a in s  seasons r a th e r  than by 

inc rea se s  i n  f e r t i l i z e r  use to meet any sub s is tence  s h o r t f a l l .  

Thus, even though  the fa rm e r s ’ l i q u i d i t y  i s  high, they may not 

increase  f e r t i l i z e r  use i f  they are able to  produce adequate 

amounts o f  food  to meet t h e i r  sub s is te n ce  needs.

Table 18 p re sen ts  the r e s u l t s  o f  the m u lt ip le  re g re s s io n  

a n a ly s i s  on the determ inants o f f e r t i l i z e r  use in  Kakamega 

D i s t r i c t .

Table 18: M ultiple Regression Results on determ inants of fertilizer
use in Kakam ega District

V a r ia b le 6 S.E. t

Farm Yard Manure (Fym) 5.494 20.058 0 .274
Sa le s 2 .929E-04 2.451E-04 1.195
Norm alised  Fe rt .  P r ice  (Npf) -46.506 15.016 3 .0 9 7 '”
Off-Farm Employment (O ff ) 18.442 18.124 1 .018
Inherent S o i l  F e r t i l i t y  
( Inpk ) 9.919 12.081 0.321
Land s i z e  (W) -11 .793 5.989 -1 . 9 6 9 ’
Extens ion  Contact (Ext) 14.201 27.743 0 .512
(C o n s ta n t ) 230.534 139.159 1 .657

R2 = 0 .737  F = 6 .8 14
Ad] R2 = 0.629 n = 25 D.W. = 1 .29

S i g n i f i c a n c e  l e v e l s :  * * *  = 1%; * *  = 5%; * = 10%.

The e st im ated  model f o r  the rate  o f  n u t r ie n t  a p p l ic a t io n  

/ ha i s  g iv e n  as:

X = 2 3 0 .5 8  + 14.2 Ext - 11.79 W + 18 .44  Off + 9.92 Inpk  • 

46.51 Npf + 2 .9 3E -04  S a le s  + 5.49 Fym.

The model e xp la ined  73 .7  percent o f  the t o t a l  v a r ia t io n  o f 

the ob se rved  rate  o f  f e r t i l i z e r  use. A s i n  the case of K i s i i
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D i s t r i c t ,  no rm a lised  p r ic e  o f  f e r t i l i z e r  had the expected s ign  

and was s t a t i s t i c a l l y  s i g n i f i c a n t  in d ic a t in g  the ro le  in p u t  : 

output p r ic e  r a t io  p la y s  i n  the use of f e r t i l i z e r s  by farmers, 

-or eve ry  u n i t  in c rea se  i n  normalised f e r t i l i z e r  price, 

" e r t i l i z e r  consum ption ra te  per hectare cou ld  drop by 46.5 Kg.

Land s i z e  in f luenced  rate of f e r t i l i z e r  use n e g a t iv e ly  

and was s i g n i f i c a n t  at 1 percent le ve l.  T h is  po rtray s  the case 

whereby to in c re a se  maize production, more land was put in to  

p roduction  ra th e r  than by land use i n t e n s i f i c a t i o n  through 

increased  f e r t i l i z e r  use.

A l l  o t h e r  v a r ia b le s  exceot inherent s o i l  f e r t i l i t y  had 

the expected  s i g n s  but INPK  was not s t a t i s t i c a l l y  s i g n i f i c a n t  

even a t  the 20% le v e l.

Table 19 p resents  the m ult ip le  re g re s s io n  r e s u l t s  on the 

de te rm inan ts  o f  f e r t i l i z e r  use in  Trans Nzo ia  D i s t r i c t .

■ able 19: M ultiple Regression Results on determinants of fertilcer use in 
Trans Nzoia District

i V a r ia b le 6 S.E. t

Farm Yard Manure (Fvm) -11 .911 14.958 -0 .796
S a le s 9.874E-04 2.594E-04 3.807 '
No rm alised  fe r t .  p r ice  
(Npf) -2.994 1 .909 -1.563
O ff-fa rm  employment (O f f ) 19.921 12.507 1 .593
Inhe ren t  s o i l  f e r t i l i t y  
( I n p k ) -9.882 5.836 -1 .6 9 3 ’
Land s i z e  (W) 6.800 6.558 1 .036
Ex te n s ion  contact (Ext) 31.438 13.395 2 .3 4 7 ” ’
(C o n s t a n t ) 123.365 45.838 2 .691 '

R2 = 0.636 F = 7.238  D. W = 2.07
Adj R2 = 0.543 n = 37

S i g n i f i c a n c e  l e v e l s :  * * *  = 1%; * *  = 5%; * = 10%
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The estimated model i s  o f  the  form:

X = 123 .37  + 31 .48  E x t  + 6.80 W + 19.92 Off - 9.88

Inpk - 2 .9 9  Np f + 9 .8 8 E -0 4  S a le s  - 11.91 Fym.

The model e x p la in e d  6 3 .6  percent o f  the t o t a l  v a r i a t i o n  in  

f e r t i l i z e r  use observed  in  T ran s  Nzoia D i s t r i c t .  The most 

important d e te rm in an ts  o f  f e r t i l i z e r  use i n  maize p roduction  

*ere: va lue  o f  t o t a l  farm s a le s ,  inhe ren t  s o i l  f e r t i l i t y  and 

extension c o n ta c t s .

The r e s u l t s  shown in d ic a t e d  tha t  t o t a l  farm s a le s  

p o s i t iv e ly  in f lu e n c e d  the ra te  o f f e r t i l i z e r  a p p l ic a t io n  and 

fas s i g n i f i c a n t  a t  1 pe rcent le v e l.  The model estimated th a t  

for every Ksh. 10000.00 rece ived  in  farm s a le s ,  n u t r ie n t  

app l ica t ion  in c re a se d  by 9 .8 8  Kg/ ha. T h is  p rov ide s  fu r t h e r  

evidence th a t  income has a p o s i t iv e  e f f e c t  on f e r t i l i z e r  use.

E x te n s io n  c o n ta c t s  p o s i t i v e l y  in f lu e n ce d  the rate  o f  

f e r t i l i z e r  u se .  The e x te n s io n  re g re s s io n  c o e f f i c i e n t  showed 

that those  who had e x te n s io n  co n ta c ts  on average  used 31 .4  

kg/ha more n u t r i e n t s  than those  without.

In h e re n t  s o i l  f e r t i l i t y  was found to in f lu e n c e  rate o f  

nu t r ie n ts  a p p l ie d  a s  expected. For every  u n i t  in c rea se  in  the 

inherent f e r t i l i t y  index, ra te  o f f e r t i l i z e r  use was expected 

to decrease by 9.88 kg/ha. Furthermore, tho se  farm ers who 

received e x te n s io n  adv ice  a p p l ie d  31.44  kg/ha on average more 

n u t r ie n ts  th a n  those who d id  not, showing a p o s i t i v e  in f lu e n ce  

of e x te n s io n  c o n ta c t s  on ra te  o f  f e r t i l i z e r  use.

Comparison of the Multiple Regression Results

Not even a s in g le  independent v a r ia b le  was found to
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in fluence ra te  o f  f e r t i l i z e r  a p p l ic a t io n  s i g n i f i c a n t l y  a c ro s s  

the three d i s t r i c t s  a t  the 5 percent le v e l  o f  s ig n i f ic a n c e .  

Nonetheless, s e v e ra l  v a r i a b le s  need fu r th e r  d is c u s s io n s .

Land s i z e  was o n ly  found to be s t a t i s t i c a l l y  s i g n i f i c a n t  

in Kakamega D i s t r i c t .  In  both Kakamega and K i s i i  D i s t r i c t s ,  

land s i z e  n e g a t i v e ly  in f lu e n c e d  rate o f  n u t r ie n t s  app lied, a 

s i tu a t io n  e x p la in e d  by land  use i n t e n s i f i c a t i o n  through re la y  

cropping and s u b s t i t u t i n g  f e r t i l i z e r  use by in c re a s in g  

cu lt iv a ted  la n d  in  the d i s t r i c t s  re sp e c t iv e ly .  In con tra st ,  

land s i z e  was found to  be p o s i t i v e l y  re la ted  to rate of 

nutr ient use i n  T rans Nzo ia  D i s t r i c t ,  though not s i g n i f i c a n t .  

In Trans N zo ia  D i s t r i c t ,  la n d  ownership by the present farm ers 

has been recen t  s in ce  t h i s  area  used to be pa rt  o f the former 

European S e t t l e r s ’ farm s commonly re fe rred  to  as the “ White 

H igh lands".  Thus, the new farm ers, some o f  whom worked in  the 

"White H ig h la n d s "  had been tra ined  on the importance of 

f e r t i l i z e r  use by the form er s e t t l e r s  and hence continued 

using f e r t i l i z e r s  on maize p roduct ion  in  t h e i r  new farms.

Eurthermore, the s iz e  o f  the p a rce ls  o f land  bought re f le c ted  

the ’wealthy s t a t u s  o f  the farm ers. Thus, those  who had la r g e  

pieces o f  lan d  were w e a l t h ie r  and hence a f fo rd e d  to use more 

f e r t i l i z e r s  than  the poorer farmers.

Re la ted  to  land s iz e  i s  inhe ren t s o i l  f e r t i l i t y .  The 

var iab le  was o n ly  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  10 percent 

level i n  T ran s  Nzoia D i s t r i c t  and w ith  the expected negat ive  

sign. In  o th e r  d i s t r i c t s ,  the  r e la t io n s h ip  was p o s i t iv e .  

C onven t iona lly ,  i t  i s  expected that the r e l a t i o n s h ip  be 

negative. The s t a t i s t i c a l l y  i n s i g n i f i c a n t  p o s i t i v e
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re la t io n sh ip  between in h e re n t  s o i l  f e r t i l i t y  and f e r t i l i z e r  

use in  both K i s i i  and Kakamega D i s t r i c t s  means that inhe rent 

so i l  f e r t i l i t y  does not l i n e a r l y  e x p la in  d i f f e re n c e s  observed 

in f e r t i l i z e r  use in  the two d i s t r i c t s .  T h i s  then im p lie s  th a t  

other f a c t o r s  were more im portant i n  e x p la in in g  f e r t i l i z e r  use 

rates i n  K i s i i  and Kakamega D i s t r i c t s  r a th e r  than s o i l  

f e r t i l i t y .

T o ta l  fa rm  s a le s  which was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  1 

percent l e v e l  i n  i n f l u e n c in g  the rate o f  n u t r ie n t s  app lied  in  

Trans Nzo ia  D i s t r i c t  u n l ik e  in  the o the r  d i s t r i c t s ,  was a 

re f le c t io n  o f  the ex ten t  o f  maize co m m erc ia l isa t io n .  In va lue  

terms, mean t o t a l  farm s a le s  were h igh e r  f o r  both K i s i i  and 

Kakamega D i s t r i c t s  where tea  and sugarcane are  major cash 

crops r e s p e c t i v e l y  than in  T rans Nzoia D i s t r i c t ,  where maize 

i s  the major c a sh  crop. However, the r e s u l t s  sugge st  that the 

income from th e se  o th e r  c ro p s  have l i t t l e  in f lu e n ce  on ra te s  

of f e r t i l i z e r  a p p l ic a t io n  i n  these a rea s  c o n t r a ry  to the 

f in d in g s  o f  some e a r l i e r  s tu d y  (Ongaro, 1988). Thus, the l e v e l  

of c o m m e rc ia l i s a t io n  i n  maize production  i s  a major 

determinant o f  f e r t i l i z e r  use.

4.3 Results and Discussions of hypotheses testing

Four hypo the se s  were te s te d  in  the s tud y .  The t e s t s  were 

evaluated on the b a s i s  o f the t s t a t i s t i c  a t  the 5 percent 

-evel o f  s i g n i f i c a n c e .

a ) The f i r s t  n u l l  h v p o th e s is  stated  tha t  farm s ize  did not

have an in f lu e n c e  on the  rate o f  a p p l i c a t i o n  o f  n u t r ie n t s

(Bw = 0 ) .  The n u l l  h yp o th e s is  was te s te d  a g a in s t  the
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a l t e r n a t i v e  h y p o th e s i s ,  that farm s i z e  had an in f luence  

on the r a te  o f  a p p l i c a t i o n  of n u t r ie n t s  (B. i s  not equal 

to  ze ro )  by r e g r e s s in g  farm s iz e  on ra te  o f  a p p l ic a t io n  

o f  n u t r ie n t s ,  where bw i s  the slope c o e f f i c ie n t  fo r  the 

v a r i a b le ,  land  s iz e .

In  s t a t i n g  t h i s  n u l l  h ypo the s is ,  i t  was assumed that 

f e r t i l i z e r s  were r e a d i l y  a v a i la b le  i n  the 10, 25 and 50 

kg p acke ts .  The r a t io n a le  behind the n u l l  hypothesis  was 

th a t  s i n c e  f e r t i l i z e r s  were a v a i la b le  i n  a l l  s iz e s ,  then 

s i z e  o f  the farm cou ld  not in f luence  the rate o f  use. The 

n u l l  h y p o t h e s i s  was te s te d  on the b a s i s  o f  the value o f  

the t r a t i o  c o r re sp o n d in g  to land s iz e  from the 

r e g r e s s io n  a n a ly se s  on rate o f f e r t i l i z e r  use and a 

com b in a t ion  o f s e v e ra l  fa c to r s .  The re g re s s io n  r e s u l t s  

showed t h a t  the e f f e c t  o f  farm s ize  on n u t r ie n t  

a p p l i c a t i o n  was n e ga t iv e  and i n s i g n i f i c a n t  at the 5 

percent l e v e l  o f  s i g n i f i c a n c e  f o r  K i s i i  and Kakamega 

D i s t r i c t s .  The c a lc u la t e d  t - r a t i o  was l e s s  than 2.0, the 

c r i t i c a l  t  r a t io  a t  the 5 percent l e v e l  o f  s ig n i f i c a n c e .  

The f a c t  th a t  the c o e f f i c i e n t  was i n s i g n i f i c a n t  means 

th a t  s t a t i s t i c a l l y ,  the re  was no l i n e a r  r e la t io n sh ip  

between t o t a l  farm s i z e  and the rate o f  a p p l ic a t io n  o f  

n u t r ie n t s ,  tha t  i s ,  the c o e f f ic ie n t  was not d i f f e r e n t  

from ze ro .  Thus, a t 5 percent le v e l  o f  s ig n i f i c a n c e ,  the 

n u l l  h y p o th e s i s  can not be rejected. In  Trans Nzoia 

D i s t r i c t ,  farm s i z e  was i n s i g n i f i c a n t  a t  5 per cent. The 

land  s i z e  c o e f f i c i e n t  was however p o s i t i v e .  S in ce  the t 

r a t i o  f o r  land s i z e  was l e s s  than 2.0 , the n u l l
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h y p o th e s i s  that land  s i z e  does not in f lu e n c e  rate o f 

f e r t i l i z e r  a p p l i c a t i o n  cannot be re jected ,

b) The second n u l l  h y p o th e s i s  that lo c a t io n  does not

in f lu e n c e  the ra te  o f  n u t r ie n t s  used by farmers (u, = u, = 

u3) was te sted  a g a in s t  the a l t e r n a t iv e  h ypo the s is  th a t  

lo c a t io n  in f lu e n c e s  ra te  o f  n u t r ie n t s  used by farmers 

(Not a l l  ut are e q u a l ) ,  where utJ u2, and u3 are the mean 

n u t r ie n t s  i n  k i lo g ra m s  app lied  in  K i s i i ,  Kakamega and 

Trans N z o ia  D i s t r i c t s  r e sp e c t iv e ly .  The n u l l  h yp o th e s is  

assumed t h a t  there  was no d if fe ren ce  i n  the rate  of 

f e r t i l i z e r  use based on d if fe re n c e s  i n  lo c a t io n  o f the 

three  d i s t r i c t s .

The r a t io n a le  behind the n u l l  h y p o th e s is  was th a t  s in ce  

the d i s t r i c t s  f a l l  in  the same a g ro e c o lo g ic a l  zone and 

most fa rm e rs  use la t e  maturing maize v a r i e t i e s ,  the 

response  o f  maize to f e r t i l i z e r  use was expected to be 

s im i l a r .  The F s t a t i s t i c  was used to t e s t  the n u l l  

h y p o th e s i s  a t  the 5 pe rcent le v e l  o f s i g n i f i c a n c e .  Table 

20 p re se n t s  the r e s u l t s  o f  the a n a l y s i s  o f  var iance  f o r  

e f f e c t  o f  l o c a t io n  on f e r t i l i z e r  use w h i le  the 

com puta t ion s  of the a n a l y s i s  o f  v a r ian ce  are presented in  

append ix  1.
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Table 20: One way ANOVA for effect of location on rate of fertilizer use.

V a r ia t io n Sum of 
squa re s

df Mean 
sq ua re

F - r a t i o

Exp la ined  by 
Location 
(Between 
Columns)

55057.2 C-1 = 2 27528.6 10.28

E rro r  or 
Unexplained 
(W itnin 
columns)

313290.9 ( r - 1 ) c  = 117 2677.7

Total 368348.1 re = 119

From the M athem atica l tab le s,  value o f  F,2 n7), a t  5% le v e l  

o f  s i g n i f i c a n c e  i s  3 .07 .  S ince  the c a lc u la te d  F i s  

g r e a te r  than  the t a b u la r  value, the n u l l  hypothesis  i s  

not accepted , t h a t  the popu lat ion  means are the same. 

Thus, the  rate o f  f e r t i l i z e r  use v a r i e s  w ith d i s t r i c t .

c ) The t h i r d  n u l l  h y p o th e s is  that the va lue  o f  t o t a l  farm 

s a le s  d o e s  not in f lu e n c e  the rate o f  f e r t i l i z e r s  use 

p o s i t i v e l y  (B5aieg = 0) was tested  a g a in s t  the a l t e r n a t iv e  

h y p o t h e s i s  tha t  the va lue  o f  farm s i z e  in f lu e n c e s  the 

rate  o f  f e r t i l i z e r  use p o s i t i v e l y  (B3ale3 i s  not equal to  

ze ro ),  where Bsala, i s  the slope c o e f f i c i e n t  fo r  the 

v a r i a b le ,  value o f  t o t a l  farm sa le s .  The ra t io n a le  behind 

the n u l l  h y p o th e s is  was that s ince  a h igh  value of t o t a l  

farm s a l e s  in d ic a t e s  a h igh l i q u i d i t y  p o s i t io n  o f  the 

fa rm ers. I t  was thu s assumed c e t e r i s  p a r ib u s  th a t  fa rm ers 

w ith  h i g h e r  l i q u i d i t y  l e v e l s  cou ld  purchase  more 

f e r t i l i z e r s  and v ice  ve rsa  and hence the r e la t io n s h ip  

between f e r t i l i z e r  use and value o f  t o t a l  farm sa le s  

cou ld  be p o s i t i v e .  The value o f  the t  r a t i o  co rre sp ond in g
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to  the v a r ia b le ,  t o t a l  farm s a le s  ob ta ined  from r e s u l t s  

o f  the r e g r e s s io n  a n a ly s e s  were used a s  a te s t  fo r  the 

h y p o th e s i s .  The t e s t  was done a t  the 5 percent le ve l  o f  

s i g n i f i c a n c e .

R e g r e s s io n  r e s u l t s  showed that the c o e f f i c i e n t  o f  va lue  

o f  t o t a l  farm s a le s  f o r  Trans Nzoia  D i s t r i c t  was p o s i t i v e  

and s i g n i f i c a n t  a t  the 5 percent le v e l  o f  s ig n i f i c a n c e .  

The computed t - r a t i o  was g re a te r  than the 2.0. Therefore  

a t  t h i s  l e v e l  o f  s i g n i f i c a n c e ,  the n u l l  h ypo the s is  th a t  

farm s a l e s  does not in f lu e n c e  the rate  o f  f e r t i l i z e r  use 

was re je c ted .  E s s e n t i a l l y ,  farmers w ith  h igh  farm s a le s  

used more f e r t i l i z e r  than  those w ith low  o r  no farm 

s a le s .  T h i s  r e s u l t  i s  c o n s i s t e n t  w ith th e o re t ic a l  

e x p e c ta t io n s .  T h i s  i s  because fa rm ers w ith  g rea te r  

marketed s u rp lu s  would most l i k e l y  have more own s a v in g s  

compared to  those w ithou t.  Some o f  these  sa v in g s  could  

then be in ve s te d  in  fa rm ing.

However, f o r  Kakamega and K i s i i  D i s t r i c t s  farm s a le s  were 

s t a t i s t i c a l l y  i n s i g n i f i c a n t  at the 5 percent le v e l  o f 

s i g n i f i c a n c e  a lthough  s t i l l  p o s i t iv e .  T h i s  could p a r t l y  

be e x p la in e d  by the f a r m e r s ’ major o b je c t iv e  o f  grow ing 

maize, t h a t  i s ,  whether su b s is te n ce  o n ly  o r  both 

s u b s i s t e n c e  and cash. Thus, fo r  the two d i s t r i c t s ,  the 

n u l l  h y p o th e s is  th a t  va lue  o f farm s a l e s  does not 

in f lu e n c e  rate o f  f e r t i l i z e r  ap p l ie d  p o s i t i v e l y  was not 

re jec ted  a t  the 5 percent le v e l  o f  s i g n i f i c a n c e ,

d) The f o u r t h  nu l l  h y p o th e s i s  that the p resence o f  o f f - f a r m  

employment does not in f lu e n c e  the rate  o f  f e r t i l i z e r  use
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p o s i t i v e l y  (Boff = 0) was tested  a g a in s t  the a l t e rn a t iv e  

h y p o th e s i s  tha t  the presence o f  o f f  farm employment 

i n f l u e n c e s  the rate o f  f e r t i l i z e r  use p o s i t i v e l y  (Biff i s  

not eq ua l to  ze ro ),  where, Bofr i s  the s lope  c o e f f ic ie n t  

f o r  the v a r ia b le ,  o f f - f a r m  employment.

L ike  the t h i r d  h y p o th e s is ,  presence o f  o f f  farm 

employment im p l ie s  improved l i q u i d i t y  p o s i t io n  o f the 

fa rm ers. Hence, w ith improved l i q u i d i t y  p o s it io n ,  i t  was 

assumed t h a t  more fu n d s  were a v a i la b le  p o s s ib ly  to 

purchase  f e r t i l i z e r s  and subsequently  use i t  in  maize 

p ro d u c t io n .  The value o f  the t  r a t io s  co rrespond ing  to  

the v a r i a b le ,  o f f - f a rm  employment, was used to te s t  the 

h y p o th e s i s  a t  the 5 p e rcen t  le v e l  o f  s ig n i f i c a n c e .  The t 

r a t i o s  were p o s i t i v e  but i n s i g n i f i c a n t  in  a l l  d i s t r i c t s .  

Thus, the  n u l l  h y p o th e s is  that o f f  farm employment does 

not in f lu e n c e  f e r t i l i z e r  use p o s i t i v e l y  'was not rejected.
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CHAPTER FIVE

5.0 SUMMARY, CONCLUSIO NS AND RECOMMENDATIONS

T h is  c h a p te r  g i v e s  a summary o f  the research  ob ]e c t ive s ,  

methodology and r e s u l t s  o f  the study. C on c lu s io n s  and 

recommendations are then drawn on f e r t i l i z e r  use in  the l i g h t  

o f  e x p e r ie n c e s  from K i s i i ,  Kakamega and T rans Nzoia D i s t r i c t s .

5.1 Summary and Conclusions

Maize i s  the main s t a p le  food f o r  the people o f  Kenya. 

In c re a se  in  maize p ro d u c t io n  i s  there fo re  c e n t ra l  in  a t t a in in g  

food s e c u r i t y  which i s  a major food p o l ic y  ob jec t ive  of the 

government o f  Kenya. Research  in  maize p roduct ion  i s  

recommended a s  a way o f  a c h ie v in g  t h i s  o b je c t iv e .  Through 

re search , i t  has been found tha t  y ie ld  in c re a se  in  maize can 

be ach ieved  by t im e ly  land p reparat ion , p la n t in g ,  weeding and 

pest c o n t r o l .  I t  can a l s o  be achieved through  increased  Uoe of 

hyb r id  maize seed and use o f  f e r t i l i z e r s .  Of these methods, 

use o f  h yb r id  maize seed has most been adopted by farmero and 

f e r t i l i z e r  use  le a s t  among the purchasable in p u t s  (Gerhart, 

1974, H assan  e t  a l,  1994b). A lthough, the ro le  of f e r t i l i z e r  

in  i n c r e a s i n g  maize p rod u c t ion  has been documented in  Kenya 

(A l la n ,  1971; G e rha rt,  1975 and FURP, 1994), i t s  use v a n e s  

w id e ly  w ith  re g io n s  and even w ith in  farms. A study by Ru igu  

and S c h u l t e r  (1990) a l s o  in d ic a te d  tha t  the amounts of 

f e r t i l i z e r s  used were below le v e l s  recommended by A g r ic u l t u  

Resea rch  C e n tre s .  The rea son s  fo r  the sub -op t im a l le v _ l s  

f e r t i l i z e r  use  are, however, not known. Thus, t h i s  study 

fo rm u lated  w ith  three major o b je c t iv e s .
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a) D e sc r ib e  the f e r t i l i z e r  use patte rns  among sm allho lder 

maize fa rm e rs  i n  W estern  Kenya.

b) I d e n t i f y  the major de te rm inan ts  o f f e r t i l i z e r  use among 

the same fa rm ers.

c) Determ ine f a c t o r s  r e sp o n s ib le  f o r  in te r - fa rm  d if fe re n c e s  

in  f e r t i l i z e r  use in  maize.

In  o rd e r  to  ach ieve  the se  ob je c t ive s ,  data were c o l le c te d  

using a s t r u c t u r e d  q u e s t io n n a i r e  ove r the 1995 main maize 

growing season. The study  c o l le c te d  data on f e r t i l i z e r  use 

from a random sample o f  40 farm ers each from K i s i i ,  Kakamega 

and Trans N zo ia  D i s t r i c t s .  D e s c r ip t i v e  s t a t i s t i c s  and 

re g re ss io n  a n a ly s e s  were used to analyze the data. The 

fo l low ing  i s  a summary o f the  r e s u l t s  and c o n c lu s io n s  drawn.

Fertilizer use patterns and inter-farm differences in fertilizer use.

The d e s c r i p t i v e  a n a l y s i s  r e s u l t s  in d ic a te d  that 

f e r t i l i z e r  use i n  maize v a r ie d  w ith in  the th ree  d i s t r i c t s  

studied a c c o rd in g  to re source  base, l i q u i d i t y  p o s i t io n  o f the 

farmers, a c c e s s  to e x te n s io n  s e r v ic e s  and markets. The h ig h e s t  

leve l o f  f e r t i l i z e r  n u t r ie n t  use was 87.3 kg/ha in  Trans Nzo ia  

D i s t r i c t  w h ile  the low est average  was in  K i s i i  D i s t r i c t  

estimated a t  3 5 .5  kg/ha. The estim ated mean amount o f  n u t r ie n t  

f e r t i l i z e r  use i n  Kakamega d i s t r i c t  was 54 .3  kg/ha. The r a te s  

of use p a r t l y  r e f l e c t  the importance of maize a s  a commercial 

crop, in  T ran s  Nzoia D i s t r i c t  and Lukuyani D i v i s i o n  o f  

Kakamega D i s t r i c t ,  maize i s  grown a s  a commercial c rop  w h ile  

i t  i s  grown f o r  sub s is te n ce  i n  the re s t  o f  Kakamega D i s t r i c t  

but i t  i s  a semi commercial c rop  in  K i s i i  D i s t r i c t .  D e sp ite
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the d i f f e re n c e s  i n  the r a te s  o f  use, most fa rm ers in  these 

regions have tended to  m a in ta in  the l e v e l s  o f  f e r t i l i z e r  use 

over time p a r t l y  because they  be lieve  that the amounts used 

are adequate and p a r t l y  because of the perce ived  high 

f e r t i l i z e r  p r i c e s .

I t  was a l s o  shown th a t  i n  the s t r i g a  prone areas notab ly  

Khwisero and Mumias D i v i s i o n s  in  Kakamega D i s t r i c t ,  the weed 

impacts n e g a t i v e l y  on the ra te  o f  f e r t i l i z e r  use and growing 

of hybrid  maize. T h is  dua l negat ive  impact le a d s  to low 

production o f  maize. I f  the s t r i g a  i n f e s t a t i o n  goes unchecked 

in the fu tu re ,  then these  a re a s  w i l l  become major maize 

d e f ic it  r e g io n s .

I t  i s  w id e ly  acknowledged that a v a i l a b i l i t y  of c re d it  

enhances the l i q u i d i t y  p o s i t i o n  of fa rm ers and hence in c re a se s  

the fa rm e r s ’ a b i l i t y  to  purchase  f e r t i l i z e r  and other 

complementary in p u t s .  However, the study  revea led  tha t  o f the 

120 farm ers in te rv ie w e d ,  none o f  them got i n s t i t u t i o n a l  c r e d i t  

for maize p ro d u c t io n  i n  1995. Some o f  the rea son s  advanced by 

farmers f o r  t h i s  f a i l u r e  in c lu d e d  la c k  o f  knowledge o f  the 

c red it  f a c i l i t i e s ,  la c k  o f  c o l l a t e r a l  and i l l e g i b i l i t y  due to  

small farm s i z e s  owned. The A g r i c u l t u r a l  F inance  C o rpo ra t ion  

(AFC) r e q u i r e s  a minimum o f  two hectares f o r  a farmer to 

q u a l i fy  f o r  se a so n a l  c r e d i t .  Thus, i t  was not p o s s ib le  to 

determine the e f f e c t  o f  c r e d i t  on f e r t i l i z e r  use.

Determinants of fertllzer use.

The r e s u l t s  o f  the r e g re s s io n  a n a ly se s  in d ic a te d  that the 

f e r t i l i z e r  - maize p r ic e  r a t i o  was the o n ly  im portant
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determinant of f e r t i l i z e r  use which cut across a l l  the three 

d is t r ic t s ,  though it  was not h igh ly  s ig n i f ic a n t  in  Trans Nzoia 

D is t r ic t .  Th is  f in d in g  re in fo rce s  the genera lly  accepted notion in 

a g r icu ltu ra l  economics l i t e ra tu re  that the re la t iv e  p ro f i t a b i l i t y  

of use o f the input w i l l  enhance the adoption or use of inputs or 

new technology.

The study found a strong l inea r  re la t io n sh ip  between 

f e r t i l i z e r  use and t o t a l  farm sa le s  in Trans Nzoia d is t r ic t ,  a 

commercial maize dominant area. Thus, commercial maize farming i s  a 

najor determinant of f e r t i l i z e r  use in  Kenya.

The other important determinants of f e r t i l i z e r  use 'were use of 

FYM (« =0.01) in  K i s i i  D i s t r i c t ,  land s ize  (« =0.1) in Kakamega 

D is t r ic t ,  i n i t i a l  s o i l  f e r t i l i t y  (« =0.1) in  Trans-Nzoia D i s t r ic t  

and extension  contact (« = 0 . 1  and - = 0.01 re spect ive ly )  in K i s i i  

and Trans-Nzoia  D i s t r i c t s .  The use of Farm Yard Manure acts  as a 

complementary input and therefore enhances f e r t i l i z e r  use 

p a rt icu la r ly  b a sa l  f e r t i l i z e r s .  Land size influenced the use of 

f e r t i l i z e r  negat ive ly  in  Kakamega D i s t r ic t  at 10 percent level of 

s ign if icance. The inverse re la t io n sh ip  r e f le c t s  a case where the 

use of land e x te n s iv e ly  acts a s  a substitute fo r  f e r t i l i z e r s .  The 

inherent s o i l  f e r t i l i t y  was in s ig n i f i c a n t  at the 10 percent le ve l  

in K i s i i  and Kakamega D i s t r i c t s .  S t a t i s t i c a l l y ,  t h i s  means that 

the 10 percent le ve l  of s ign if ic ance  there was no linear 

re la t ion sh ip  between inherent s o i l  f e r t i l i t y  and rate of f e r t i l i z  

use. However, inherent s o i l  f e r t i l i t y  s i g n i f i c a n t l y  influenced 

rate of f e r t i l i z e r  use in ve rse ly  at 10 percent le ve l of 

s ign if icance  in  Trans Nzoia D i s t r i c t .  The inverse  re la t ion sh ip  

shows tha t  inherent s o i l  f e r t i l i t y  reduces the rate of use of 

f e r t i l i z e r s .  T h is  i s  p lau s ib le  because the higher the f e r t i l i t y  

level of the s o i l  the le s s  f e r t i l i z e r s  are required
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to enhance f e r t i l i t y  and v ic e  versa. E x ten s ion  contacts  were 

found to in f lu e n c e  the rate  o f  f e r t i l i z e r  use p o s i t i v e l y  

in d ic a t in g  t h a t  a v a i l i n g  in fo rm a t io n  to fa rm ers  about the 

benefits  r e a l i s e d  from f e r t i l i z e r s  can enhance i t s  use.

In  view o f  the expected f in d in g s  that h igh  f e r t i l i z e r  

price and low  maize p r ice  n e g a t iv e ly  a f fe c t  f e r t i l i z e r  use 

among sm a l lh o ld e r  maize fa rm ers,  i t  could have been u se fu l to 

estimate o p t im a l f e r t i l i z e r  use le v e l s  f o r  d i f f e r e n t  maize 

price l e v e l s .  However, such an a n a ly s i s  had been done by 

Mugunieri (1997 ).

5.2 Recommendations

The f i n d i n g s  o f t h i s  s tu d y  ind ica ted  th a t  a wide range of 

fa c to rs  in f lu e n c e d  the rate o f  f e r t i l i z e r  use and that  the 

importance o f  these  f a c t o r s  var ied  from p lace  to  place. T h is  

therefore  means tha t  e f f o r t s  should be taken to understand the 

c o n s t r a in t s  fa rm e rs  face in  the use o f  the f e r t i l i z e r s  and 

appropria te  s o l u t i o n s  s p e c i f i c  to the reg ion  implemented i f  

f e r t i l i z e r  use i s  to be enhanced. S p e c i f i c a l l y ,  the fo l lo w in g  

recommendations are g iven;

a) Re sea rch  shou ld  be i n t e n s i f i e d  in  an e f f o r t  to improve 

agronom ic  p ra c t ic e s ,  p a r t i c u l a r l y  s t r i g a  c o n t ro l  before 

any advance s  are made to  farmers to use f e r t i l i z e r  in  the

a f fe c te d  a rea s.

b) S in c e  the  study revea led  that a t the 10 percent le ve l  o f  

s i g n i f i c a n c e  apa rt  from p r ice s ,  a number o f  nonprice 

f a c t o r s  such  as e x te n s io n  contacts,  farm s iz e  and FYM 

use, p layed  a major r o le  in  f e r t i l i z e r  use by farm ers, i t  

i s  recommended tha t  the government shou ld  strengthen  the 

a g r i c u l t u r a l  e x ten s ion  programme to en su re  that the
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nece ssa ry  in fo rm a t io n  on f e r t i l i z e r  use i n  re la t io n  to 

these f a c t o r s  i s  t im e ly  made a va i la b le  to  farmers in 

o rde r  to in c re a se  maize production.

I t  was a l s o  reported  t h a t  the major reason by farmers f o r  

m a in ta in in g  the u su a l  r a te s  of f e r t i l i z e r  use, was the 

h igh  f e r t i l i z e r  c o s t .  The f e r t i l i z e r  c o s t  i s  a summation 

of the f e r t i l i z e r  purchase price and the t ran sp o r ta t io n  

c o s t  a fa rm e r  in c u r s .  I t  was a ls o  revea led  that the 

average d i s t a n c e  covered  by farmers to the f e r t i l i z e r  

market i n  Western Kenya was 8.7 km. The s ta te  o f most 

roads in  the  reg ion  i s  murram which are rendered near 

im passab le  d u r in g  the r a in y  season. I t  i s  therefore  

recommended that  the road network in  the d i s t r i c t s  should 

be improved in  o rd e r  to minimise the f e r t i l i z e r  

t r a n s p o r t a t io n  c o s t  and a l s o  ensure the t im e ly  supply o f  

f e r t i l i z e r s  to the remote areas o f  maize production,

d) S in ce  fa rm e rs  complained o f  s t r i c t  AFC loan  award

c r i t e r i a  a s  a major reason  fo r  non use o f  formal c re d it ,  

i t  i s  recommended tha t  the AFC and o th e r  lend ing  

i n s t i t u t i o n s  should  r e v i s e  t h e i r  c r e d i t  e l e g i b i l i t y  

c r i t e r i a  so  a s  to make c r e d i t  more a v a i l a b le  to farmers. 

I t  i s  a n t ic ip a t e d  that t h i s  w i l l  improve the l i q u i d i t y  

p o s i t io n  o f  the fa rm ers  and hope fu l ly  in c re a se  

f e r t i l i z e r  use in  maize production, 

s )  Research  f i n d i n g s  on why s t r i g a  i s  not a s  p reva lent  in  

v a l le y  bottoms a s  opposed to the up lands can e lu c id a te  

p o s s ib le  ways o f s t r i g a  con tro l,  

f )  The s tud y  has shown th a t  fa c to r s  which determ ine the
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le v e l  o f  f e r t i l i z e r  use may be s p e c i f i c  and therefore 

there i s  need to i d e n t i f y  the fa c to r s  which create 

c o n s t r a in t s  to  f e r t i l i z e r  use f o r  each p a r t i c u la r  reg ion 

in  o rd e r  t o  fo rm ulate  p o l i c i e s  which can overcome them,

g) F in a l l y ,  a l t h o u g h  t h i s  s tu d y  has helped to e xp la in  the 

p a tte rn s  and d e te rm inan ts  o f  f e r t i l i z e r  use in  maize, one 

has to r e c a l l ,  however, th a t  not a l l  a sp e c t s  of the 

a g r i c u l t u r a l  economic system  have been cons idered  (such 

as lab o u r ,  topography, r a i n f a l l ) .  I t  i s  there fo re  

recommended tha t  fu tu re  s tu d ie s  should in co rp o ra te  these 

a d d i t io n a l  f a c t o r s  in  o rd e r  to fu r t h e r  improve our 

und e rs tan d in g  o f  the system  of f e r t i l i z e r  use by farmers.
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APPENDICES

Appendix 1: Computations for One-way Analysis of Variance for effect of 

location on fertilizer use (figu-es are in kg of nutrients).

K i s i i Kakamega Trans Nzoia

32 27.5 61 .3

36 60.3 79.9

53 .5 19.3 80

80 41.8 40.0

36 .5 19.3 112.5

80 0 96.3

32 13.8 0

32 61 .0 66.3

3 .3 0 80.0

24 4.5 80.0

19.3 0 29.0

16 25.8 76.3

23.3 32 160.3

31 0 250.0

33 .5 0 133.0

45 .5 106.8 0.0

17 12.8 139.3

19.5 29.3 112.5

26 .5 0 112.5

42 .8 80 135.0

20.3 0 21 .5

20.3 0 190.0
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37 .5 0 132.0

10.5 0 87

8 0 112.5

16 0 18.5

16 0 57.5

16.1 40 112.5

28.4 0 32.3

2 .5 40 16.3

44.5 112.8 32.5

32 .5 178.5 112.5

114.8 195 0.0

61 .8 122.5 80.0

9.5 175.5 112.5

95 .5 217.5 157.3
I------------------------------------

38 .8 145 142.0

11 .3 106.8 95.3

32 156.8 107.3

41 148.8 26.3

T o ta l  1341 2173.4 3490

Mean 3 5 .5 54.3 87.3

Ex2 68049.7 289417.2 423545.4

S  2 4 .3 66.3 55.2

s2 5 9 0 .5 4395.7 3047

The f o l l o w in g  s tep s  were fo llow ed:

a) C a l c u l a t i o n  o f  the mean rate o f  f e r t i l i z e r  use fo r

each d i s t r i c t .



101
G e n e ra l ly  mean i s  g iv e n  as

L I (D

Thus f o r  K i s i i ,  mean = 1341/40 = 35.5; Kakamega, mean =

2173.4/40 = 5 4 . 3  and Trans Nzoia, mean = 3490/40 = 87.3 

b) C a lc u la t e  the Grand Mean i s  g iven  by;

j  1341.0- 2173.4+3490.0
rc "  40(3)

58.4,.....(2)

where r= number o f  o b se rv a t io n s  per sample, and c = 

number o f  sam p les.

c )  E s t im a t io n  o f  the va r iance  from the var iance  between 

the means o r  columns.

a2 - °x -  r E (*r*>2
c-1

•(3)

whe re ;

X j, X , r, c;

are the sample o r  column mean, the grand mean, the number o f 

o b se rv a t io n s  i n  each sample and the number o f  samples 

re s p e c t iv e ly .

From e q u a t io n  (3), a 2 = [ {  (3 5 .5 -58 .4 ) 2 + ( 5 4 .3 -4 8 .4 )  + (87 .3 -
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38.4 )  2} * 40]/ 2 = 27528.6

d) E s t im a t io n  o f p o p u la t io n  var iance  from w ith in  the

samples o r  co lum ns.

r he i n d i v i d u a l  d i s t r i c t ’s popu la t ion  v a r ian ce  i s  estimated

thus:

For K i s i i ,

......<0

which i s  eq ua l to:

( ( 3 2 - 3 5 . 5 ) 2 + (36.0  - 3 5 .5 ) 2 + . . . +  ( 3 2 . 0 - 3 5 . 5 ) 2 + (41.0 -

35 .5 )  / (4 0 -1 )  = 590.5  

For Kakamega,

sf-E &--(5)

which i s  eq ua l to:

( (2 7 .5  - 5 4 . 3 ) 2 + (60 .3  - 5 4 . 3 ) 2 + . . . +  

5 4 . 3 ) 2) / (40 -1 )  = 4395.7 

For T ran s  N zo ia

1 5 6 .8 -5 4 .3 )2 + (148.8

„2V .L — n (6)

which i s  eq ua l to:

( (6 1 .3  - 8 7 . 3 ) 2 + (79 .9  - 8 7 . 3 ) 2 + . . .  + (1 0 7 .3 -8 7 .3 )  + 

(26.3 - 8 7 . 3 ) 2 / (40 -1 )  = 3047

The p o p u la t io n  va r ian ce  (<5)2 i s  then g iven  as the mean of the  

i n d iv id u a l  sample v a r ia n c e s  thus:



( s t̂  + s 22 + S32)/C = (590.5  + 4395.7 + 3047.0)/3  = 2677.7  

) C a l c u la t io n  o f  the F ra t io

(V a r ia n ce  between sample means/ Va r iance  w ith in  sample 

means) = (27528 .6  / 2677.7 ) = 10.28.
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Appendix 2. BARTLETT TEST FOR HETEROSCEDASTICITY

-^ocedure

1. E st im ate

n g

for each g roup  o f  o b se rv a t io n s  g = 1 , 2 , . . . G. S 2. i s  a 

c o n s is te n t  e s t im a te  o f a 2g

2. C a lc u la te  the  t e s t  s t a t i s t i c  S:

S - ( M o g ( £  .V^Ios^J/l .(1 / 3 (« -1 ))(£  ± ~ 1).

fltiere: N = O b se rv a t io n s  a v a i la b le  f o r  r e g re s s io n  model.

Ng = Number o f  o b se rv a t io n s  a s so c ia te d  w ith  the g ' n group

Yg - M ean of the sample values o f Y  within the g ^  group.

(a) Bartlett test for Kisii District’s Data (kg nutrients/ha).

Keumbu Nvamache Nvacheki Oaembo
1. 32 .0 19.3 20.3 44.5
2. 36 .0 16.0 20.3 32.5
3. 53 .5 2 3 .3 37.5 114.8
4. 80 .0 31 .0 10.5 61.8
5. 36 .5 33 .5 8.0 8 .5
5. 80 .0 45 .5 16.0 95.5
7. 32 .0 17.0 16.0 38.8
3. 32 .0 19.5 16.1 11.3
9. 3 .3 2 6 .5 28.4 32.0
10. 2 4 .0 42 .8 2.5 41.0

n 519.7 9 9 .9 90.5 1045.8
S  = - 8 35

Under the n u l l  h yp o th e s is  tha t  o 21 i s  c o n s ta n t ,  the te s t  

s t a t i s t i c  S  w i l l  f o l lo w  the c h i - sq u a re  d i s t r i b u t i o n  w ith  3 

degrees o f  freedom  (Number o f  groups minus 1). A t  the 5 

percent l e v e l  o f  s i g n i f i c a n c e ,  the c r i t i c a l  va lue  of the c h i -  

square i s  7 .81 .  Thus, we f a i l  to  re je c t  the n u l l  h ypo the s is  o f  

h om osceda st ic ity  a t  the 5 percent le v e l  o f s i g n i f i c a n c e .
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(b) Bartlett test for Kakamega District’s Data (kg nutrients/ha).

Mumias Sh in va lu Khwisero Lukuvani
1. 27 .5 0.0 0.0 112.8
2. 60. 3 25.8 0.0 178.5
3. 19.3 32.0 0 .0 195.0
4. 41 .6 0.0 0 .0 122.5
5. 19.3 0.0 0 .0 175.5
6. 0 .0 108.8 0.0 217.5
7. 13.6 12.8 0.0 145.0
8. 61 .0 29.3 .40.0 106.8
9. 0 .0 0.0 0.0 156.8
10. 4 .5 80.0 40.0 148.8

S 2. 348.8 1261.5 256.0 1177.2

S in ce  the
S = - 

ca lcu la ted  S
3.93
i s  le s s  than the c r i t i c a l  va

(7 .81 ),  the n u l l  hypothesis  of constant  va r ian ce  i s  not 
^rejected a t  the 5 percent le v e l  of s ig n i f i c a n c e .

§ Bartlett test for Trans Nzoia District’s Data (kg nutrients/ha>
Moto I & I I Mateket S irende KaDomboi

1. 61 .3 29.0 21.5 32.5
2. 79.8 76.3 190.0 112.5
3. 80 .0 160.3 132.0 0.0
4 40.0 250.0 87.0 80.0
5. 112.5 133.0 112.5 112.5
6. 96 .3 0.0 18.5 157.3
7. 0 .0 139.3 57.5 142.0
8. 66.3 112.5 112.5 95.3
9. 80 .0 112.5 32.3 107.3
10. 80 .0 135.0 16.3 26.3

S 2g 878.2 4372.2 3097.0 2401.9

Like in  (a) and
S  = -

(b) above, the
2.62

ca lcu la te d S  'was le s s  than

c r i t i c a l  v a lue  7.81, hence the n u l l  h y p o th e s is  of 

h o m o sce d a st ic ity  i s  not rejected  at the 5 percent le ve l of

s i g n i f i c a n c e .



Appendix 3: Questionnaire

ECO NO M ICS OF FERTILIZER USE AMONG SMALLHOLDER MAIZE

FARM ERS IN KENYA

Enum erato r’ s Name............................... D a te ....................

1. Farm Identification

D i s t r i c t  ................................  D i v i s i o n  ..............

Farm Number ..........................................

2. Farmer Identification

2.1 F a rm e r ’ s Name ...................................  S e x ............

E d u ca t io n  l e v e l .................................

2.2  S i z e  o f  fa m ily  ........................................

106

3. Farm characteristics

3.1 S i z e  o f  farm .......................................( ha )

3.2  C rop  E n te rp r i s e s  on the farm (1995).

E n t e r p r i s e Purpose Acre s Output/

acre

T o ta l  va lue  

(Ksh)

1

2

3

4

---- 1
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3 .3  L iv e s t o c k  e n te r p r i s e s  (1995)

L i v e s t o c k Number of Output / Tota l Value

type anim als animal (K sh .)

1

2

3

4

5

3.4  ( i )  Do you have land t i t l e  deed? Yes/No. I f  Yes, when d id

you rece ive  i t ?  ................. ( s ta te  year).

( i i )  Of the fo l lo w in g  farm machinery which one (s )  do you

own? . ... T ra c to r

a p p r o p r ia t e )

sp ra ye r (T ick  as

3.5. S p e c i f y  o f f - fa rm  a c t i v i t i e s  the farm er i s  in vo lved  in  

( i f  any )

( i )  ...................................................

( i i )  ...................................................

( i i i )  ..................................................

3.6  Maize Output In fo rm at ion :

( i )  What was p roduct ion  l a s t  year ?  ..............bags

( i i )  What was the area under maize l a s t  year ?  . . . .  ha

( i i i )  What was the p r ice  o f  maize l a s t  year ? .Ksh/bag
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4. Reid History

4.1 Fo r  maize grown i n  1995 in d ic a te  s ize  o f  each f i e l d

field h i

1 ...................................................................

2  

3 .............................................

4 .............................................

4.2  A re  the f i e l d s  owned o r  rented? I f  owned, go to 4.3. 

I f  ren ted, go to  4.9.

4 .3  What a c t i v i t i e s  have you been unde rtak ing  on these

f i e l d s  f o r  the l a s t  3 y e a r s ?

F ie ld Season 1994 1993 1992

1 1 St

2nd -

2 1 St

2nd

3 1 St

2nd

4 1 st

2nd
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4.4. D id  you use f e r t i l i z e r  in  these M l z ,  f l # l d l  u , t 7

I f  ye s ,  in d ica te .

F i e l d Season Type Quantity

(Kfl)

1 1st

2nd

2 1 St

2nd

r

3 1st

2nd

4 1st

2nd

4.5. D id  you app ly  o rgan ic  manure on these f ie ld s  la s t  year ?

I f  yes, sp e c if y ;

F i e l d Season Type Quantity

1 1 s t

2nd

2 1st

2nd

3 1st

2nd
----------------------------

4 1st

2nd
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4.6 When d id  you f i r s t  use f e r t i l i z e r  on m a ize ?  .. 

( y e a r ) .

Have you s in c e  increased/reduced/m ainta ined  the 

f e r t i l i z e r  rate  u sed ?  (T ic k  as ap p ro p r ia te )

I f  reduced/ inc rea sed/m a in ta ined , state  reasons

4.7. Have you undertaken  any o the r  c u l t u r a l  a c t i v i t y  on these 

f i e l d s  i . e .  t e r r a c in g ,  l im in g ,  e t c ?  Y/N 

I f  Yes, s p e c i f y  ;

F ie ld A c t i v  i t y Reason

1

2

3

4

4.8. S p e c i f y  any  other problem you encounter on these f i e l d s ,

4.9  S p e c i f y  the  yea rs  you have rented t h i s  f i e l d
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4. 10 What c r o p s  have you been growing on t h i s  f ie ld

F i e l d Yea rs  rented season Crops grown

1

2

3

4

4.11 D id  you a p p ly  f e r t i l i z e r  on t h i s  f i e l d  l a s t  yea r ?  Y/N

( a p p l i c a b le  on ly  i f  rented l a s t  year), i f  yes, s p e c i f y  i n  

t a b le  below

F i e l d Season F e r t i l i z e r  type Quantity

1

2

3

4
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4.12 D id  you use o rg a n ic  manure on t h i s  f i e l d  l a s t  y e a r ?  Y/N 

( a p p l i c a b le  on ly  i f  rented l a s t  year),  i f  yes s p e c i f y  i n  

the  ta b le  below;

F ie ld Season Manure type Q uan t ity

1 •

2

3

4

4.13 What p rob lem s have you experienced on these  rented

f i e l d s ;

5. Information on maize production

5.1 Which m aize v a r ie t y  ( i e s )  do you grow ?

F i e l d V a r ie t y  ( i e s )

1

2

3

4
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5.2  Do you grow  pure stand o r  in te rc ro p  ?  

I f  in t e r c ro p ,  s p e c if y

F i e l d Type of in te rc rop hecta reage (o f 

in te r -c rop ped  a rea )

1

2

3

4

5 .3  D id  you use f e r t i l i z e r  f o r  p la n t in g  ?  Y / N. I f  yes, 

s p e c i f y  i n  the tab le  below:

Type o f  f e r t i l i z e r  used in  p lan t in g .

F ie ld 1 2 3 4

F e r t i l i z e r  Type

source purchase

d

stocked

Cost o f  f e r t i l i z e r

Time a p p l ie d

Amount a p p l ie d

Method of a p p l i c a t io n
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I f  N, g i v e  re a so n s  f o r  not u s in g :

( I ) ................................................................................................
( i i )  ...................................................

( i i i )  .................................................

( i v )  ..................................................

5 .4  D id  you use Organic manure? Y/N 

I f  yes, s p e c i f y

F i e l d Type Quantity

1

2

3

4
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5 .5  Top d r e s s in g :

( I )  Do you t o p d re s s ?  Y/N 

( i i )  I f  ye s  s p e c i f y  :

F ie ld F e r t i l i z e r

used

Cost of 

F e r t i l i z e r .

Amount o f

f e r t i l i z e r

used

1

2

3

4

( i i i )  Which method d id  you use in  f e r t i l i z e r  T o p -d re s s in g ?

( ie  band ing, a long  the rows, b roadca st in g ,  o t h e r s - s p e c i f y )

( i v )  Why d id  you use the method you have mentioned in  ( i i i )

above ?

t ic k

- I t  i s  the recommended method

- I t  i s  la b o u r  sav ing

-any  o the r  reason ( sp e c i fy )
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6. Fertilizer use biformation:

6.1 Do you app ly  f e r t i l i z e r  to o the r  c ro p s  on the farm? 

Y/N

crop f e r t i l i z e r

type

source Reason fo r  

app ly in g

6 .2  I f  you don ’t  app ly  f e r t i l i z e r  to a l l  crops, what a re  

y o u r  reasons f o r  app ly in g  o r  not app ly ing
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6 .3  F e r t i l i z e r  source

1991 1992 1993 1994 1995

D is t a n c e  from  farm 

(km)

C o o p e ra t iv e

L o c a l  S t o c k i s t

KGGCU

Middlemen at Farmgate 

(N e ig h b o u r s )

Open Market

O ther ( s p e c i f y )

6 .4  What i s  the sta te  o f  the road

ta rmac/ mu rram/other( s p e c i f y ) ...............................

( t i c k  one a p p l ic a b le )

6 .5  How much fare do you pay from here to  where you

purchase  f e r t i l i z e r ? ....................................
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6 .6  What i s  the t r a n sp o r t  co st  f o r  f e r t i l i z e r  from your 

p u rch a s in g  c e n t re ?  sp e c ify  in  the tab le  below;

F e r t i l i z e r  bag s iz e (K g ) Cost o f  t r a n sp o r t

10

25

50

o th e r

6 .7  Of the f e r t i l i z e r  packaging s i z e s ,  which one do you 

p re fe r  to  buy?

T j < ? k

10Kg .................

25Kg .................

50 Kg .................

any  o t h e r ( s p e c i f y ) .............................................

6 .8  I s  the  " r i g h t "  package s ize  no rm a lly  a v a i la b le ?  

Yes/No

6 .9  G ive  rea son s  fo r  your  answer in  g above;

6 .1 0  Have you e ve r  got c re d i t  to purchase  f e r t i l i z e r ?  

Yes/No

I f  Y e s ,  when? ............................

s o u r c e ............................

rate  o f  i n t e r e s t ............................
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I f  No, why?

I f  No, what are your sources o f f in a n ce  fo r  maize 

p roduction  in p u ts  such as f e r t i l i z e r :

Crop s a l e s ...............

L iv e s to ck  s a l e s .......

O ff-fa rm  a c t i v i t i e s ..............

O the r.....................

( s p e c i fy )

6.11 How f a r  i s  i t  from your home to the nearest 

market centre  where there i s  a bank o r  AFC?

......................................................... Km.

6 . 12 What was the p r ic e  o f  f e r t i l i z e r  t h i s  season ? 

F i l l  tab le  as app rop r ia te .

Type of f e r t i l i z e r F e r t i l i z e r  bag 

s i z e

Cost  o f  the f e r t i l i z e r



7. What c o n s t r a in t s  do you face in  f e r t i l i z e r  use on maize?

120

Constraint Rank eg 1.2.3.etc
( I )  F e r t i l i z e r  not a v a i l a b l e .................

( i i )  R i g h t  f e r t i l i z e r  package u n a v a i l a b le .................

( i i i )  H ig h  p r ice  o f f e r t i l i z e r ........................

( i v )  Lack o f  c r e d i t ...............................

( v )  W eather not good .............................

( v i )  Low p r ice  o f  m aize.................................

( v i i )  S o i l  f e r t i l i t y  adequate.................

( v i i i )  Labour a v a i l a b i l i t y  ....................

( i x )  O the rs

( s p e c i f y ) ..............................................................

8 . Have you e v e r  rece ived  e x ten s ion  advice  on maize

p r o d u c t io n ?  Yes/No........................

I f  ye s, s p e c i f y  below;

Advice received Year and Season

la n d  p re p a r a t io n  method.................  ................

type  o f  seed to  use. ..............  ................

type  o f  f e r t i l i z e r  to use

i n  p l a n t i n g  .................  ................

q u a n t i t y  o f  f e r t i l i z e r

to use. ..............  ................

f e r t i l i z e r  to use in

t o p - d r e s s i n g .  ..............  ................

p la n t  sp a c in g  ..............  ..................

haikobi UNivnwfT* 
KA1ETE library
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any o t h e r  ..............  ..................

9 Manure Treatment

How do you t r e a t  FYM before a p p l ic a t io n  in  the f i e l d ?

.................... a p p l ie d  f r e sh  ................ heaped out o f  boma to

decompose be fo re  a p p l ic a t io n  ..............c on t in u ou s  heaping u n t i l

time o f  a p p l i c a t i o n ................. d i r e c t  d ropp ing  in  f ie ld  by

l i v e s t o c k  ............. o the r.

10 I f  you had l im i t e d  f e r t i l i z e r ,  to which o f  the crops you

grow  c o u ld  you a p p ly  the f e r t i l i z e r  t o ?  ....................  ( l i s t

them) and g iv e  rea son s  f o r  you r  c h o ic e ........................

11 I f  you had l im i t e d  cash, where cou ld  you in v e s t  i t  i n ?

...........Pu rchase  o f  P f e r t i l i z e r

...........Pu rchase  o f  N f e r t i l i z e r

...........P u rchase  o f  e i t h e r  o f  the above

...........P u rchase  o f  hybr id  Maize seed

...........Pu rchase  o f  o th e r  ag rochem ica ls  eg p e s t ic id e s  fo r

s t a l k  b o re r  and rodent c o n t ro l

12 Maize marketing ^formation (to  be answered whether

fa rm e r  has so ld  maize o r  not).

12 .1  What was the p r ice  o f  one bag o f  m aize? ................
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1 2 .2  In d i c a t e  where you have been s e l l i n g  you r  maize in  the

y e a r s  in d ic a te d  below;

1991 1992 1993 1994 1995

D i s t a n c e  of market 

u s e d  from  home f o r  

r e s p e c t i v e  y e a r s

N . C . P . B .

L o c a l  market

M idd lem en  at 

f a rm g a te

c o o p e r a t i v e

O th e r

I f  C o o p e ra t iv e ,  Do they o f f e r  you c r e d i t  to buy 

f e r t i l i z e r  ? Yes /No. I f  yes, do they  g iv e  you

f e r t i l i z e r  or cash  ?  ....................................

1 2 . 3  How do you t r a n sp o r t  you r  maize to the market?

....... T ra c to r/T ru ck ;  ..........Cart/donkey; ..........B ic y c le

...........Head ; ......................Other.
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12.4 S ta te ,  i f  any, problems you face when marketing maize

( i ) ..................................................

( i i )  ...................................................

( i i i )  ..................................................

«W »B>
g^ftETE


