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Abstract 

Surface and subsoil samples, as well as maize leaf 
samples were collected from local fields at about ten 
kilometers intervals along the.major and minor highways 
across Ondo state in 1977. The samples were subsequent- 
ly processed and analysea for various components in the 
laboratory. 

The surface 0-15cm soil samples showed a mean of 
23;7pp NO3 -N, 13.6ppm avail. P, 119.4ppm exch. K, 1168 
ppm exch. Ca, 9 8 . 2 ~ ~  exch. Mg, and Na-EDTA-extractable 
trace elements in the amount 131.9, 9.0, 319 and 1.3ppm 
of Fe. Zn, Mn, and Cu respectively. About 93% of the 
samples had a pH value between 5 and 7, while the soils 
had a mean 0.M content of 1.9% and C.E.C. of 11.4 meql 
lOOg soil. About 77% of samples had a baee saturation 
exceeding 50%. The values of these parametcrs generally 
decline down the soil profile to the 90cm depth studied. 

From the frequency distribution of various amounts 
of nutrients in the soil and plant tissue samples. it 
was concluded that N, P and Cu were generally deficient 
in the soils, while Ca. Mg, Fe. Mn, and Zn appeared ade- 
quate for optimum crop growth. However, it was diffi- 
cult to make a definite statement, one way or the other. 
about K'because of the seemingly contradictory conclu- 
sions that could be drawn from evaluating the soil and 
plsrit tissue data, which evaluations were based on 
vhat are generally believed to be the critical levels 
of K in soil 3nd maize plant for optimum crop yield. 
Further studies to determine the internal and cxtcrnnl 
critical nutrient requirements of crops in thrsc soils 
is considered a priority. 

+ The project was funded by the University of Ife 
Resaarch grant. 1425EB. 

++ Address:- Department o f  Plant Science, University 
of Ife, Ile-Ife. 
Further details regarding the fertility o f  any par- 
ticular area in the State can be obtained from the 
Senior author. 
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Introduction 

Like in other countries, the primary objectives 
of soil fertility research in Nigeria is to increase 
crop production and, in the process, enable farmers 
to maximize profits. The realisation of this goal 
would depend on how reliable fertilizer recommenda- 
tions are in terms of the expected yield responses. 
Fertilizer application practice in Ondo State today, 
like in other states of the Federation, has limited 
success in yield response probably because the recom- 
mendations are based on over-generalized interpreta- 
tions of a few, grossly inedequate field trials which 
were conducted mostly outside the state, and probably 
because a sound basic 1,i:owledge about the soils of the 
state is lacking. 

In a paper present::d at the agricultural seminar 
on tropical soil research, Corey and Schvlte (1972) 
concluded that a much more reliable system of ferti- 
lizer recommendations could be achieved in Nigeria 
with a soil testing program than is attainable by the 
present system of generalized recommendations without 
soil tests. Experience in Brazil (Corey 1969), has 
shown that dramatic results were obtained in yield 
responses and in fermers acceptance of fertilizer use 
recommendations within a year after establishing a 
soil testing programme. A similar experience has been 
related for Kenya (Aduayi and Gatitu, 1973). 

The most basic information necessary for the es- 
tablishment of a soil testing program is : what te'sts 
should be included in the soil analysis program. The 
nutrient elements to be included in a soil testing 
program can be determined only through a survey of 
nutrient deficiencies across the area. Adegbola and 
Corey (1976) carried.out a survey of nutrient defici- 
encies in Western Nigerian soils. Their resnlts 
pointed to a genbral deficiency of N and Mg in the 
soils. The present study was aimed at providing an 
updated basic information about the fertility status 
of Ondo State soils. 

Ondo State of Nigeria lies within a latitudes O ON 
and 8ON. It has tropical humid, hot climate with two 
seasons: a relatively cool rainy season from end of 
April to late October, and a hot dry season between 
November and Mid-April. The rainy season is usually 
interrupted by a dry spell of about two weeks in Aug- 
ust. The average annual rainfall is between 1650 and 
1700mm, while the mean temperatures are about 27OC 
maximum and about 23OC minimum (Alofe 1978); there : 
no great daily variation in temperature throughout tze 
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year. Uver n ine ty  f i v e  percent (95.) of the  s t a t e  
l i e s  within the  r a i n  f o r e s t  zone of Nigeria;  a  very 
small por t ion i n  the North-east of the  s t a t e  have a 
derived savannah vegeta t ion.  

A major pa r t  of t h e  s t a t e  has s o i l  overlying me- 
tamorphic rocks of basement complex which show great  
v a r i a t i o n  i n  g ra in  s i z e  and mineral composition, us::,-- 
ing from coarse grained pegmatite t o  f i n e  gra inec  
s c h i s t ,  and from acid  q u a r t z i t e  to  bas ic  rocks consis- 
t i n g  l a rge ly  of amphiboles (Smith and Piontgomerry, 
1962). The coas ta l  b e l t  of the s t a t e  cons i s t s  of 
sedimentary formations, and the  rever ine  areas  i n  the 
extreme south. 

Previous work of Harpstead (1972) suggested t h a t  
t h e  s o i l s  can be c l a f f i e d  as Oxisols and Al f i so l s  a s  
follows: OXIC TROPULDALF i n  the  c r y s t a l l i n e  rock 
areas  under r a i n f o r e s t  vegeta t ion;  TYPIC HAPLORTHOX 
i n  the  sedimentary areas  under f o r e s t  vegetat ion;  and 
Haplustalf  i n  t h e  derived savannah area .  

Materials and methods 
S o i l  and maize l e a f  samples were taken from lo- 

c a l  f i e l d s  of maize, a t  about t e n  kilometers along 
major and minor roads across  Ondo S t a t e  (Figure lA), 
between June and August, 1977. Small-slze maize 
f i e l d  p l o t s  were se lec ted  a s  sampling s i t e s  based on 
t h e  assumption t h a t  farmers i n  the  s t a t e  genera l ly  do 
not use f e r t i l i z e r s  i n  such p lo t s :  d iscuss ion with 
farmers met i n  some of t h e  sampled p l o t s  val idated 
t h i s  assuniption. 

From each f i e l d ,  t e n  maize p lan t s  were randomly 
se lec ted  and two upper mature leaves were taken from 
each, giving a t o t a l  of twenty leaves per sample. 
S o i l  samples were taken from each f i e l d  a t  0-15,15-30, 
30-60 and 60-90cm l e v e l s ;  The s o i l  samples were a i r -  
d r i ed ,  ground and sieved through a 2mm s i e v e  p r i o r  to  
grinding i n  Wiley m i l l .  

'&%e s o i l  samples Irere analysed i n  the  laboratory 
f o r  pH i n  0.01M CaC12 by a Pye Unicam pH-meter; avai- 
l a b l e  phosphorus by Bray number 1 e x t r a c t i o n  and 
Murphy and Riley color imetr ic  method (1962); Exchange- 
ab le  potassium, calcium and magnessium by flame analy- 
s i s  a f t e r  s o i l  e x t r a c t i o n  with I N  Ammonium ace ta te ,  
Nitrate-Nitrogen by ~ o l o r i m e t r ~ ~ w h i l e  ava i l ab le  Cu, 
Mn, Fe and Zn were ext racted from s o i l  with EDTA and 
determined with Perkin Elmer 420 atomic a b s o r ~ t i o n  
spectro-photometer; So i l  organic matter  (0.M) was 
determined by potassium dichromate-sulphuric acid 
d iges t ion  method,paytikle s i z e  by hydrbmeter and the  
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c a t i o n  exchange c a p a c i t y  (C.E.C) accord ing  t o  ~ a c k s o n  
(1958). 

The l e a f  samples were i g n i t e d  a t  5 0 0 ' ~  i n  a  
muffle  fu rnace  f o r  2 hours ,  t h e  a sh  d i s s o l v e d  i n  4N 
H C I ,  f i l t e r e d  through Whatman No. 4 2  f i l t e r  pape r  
and analysed f o r  P ,  K,  Mg, Ca, Fe, Cu, Zn, and Mn. 

I<csults AND 1)iscussion 

The p ropo r t i ons  a t  which d i f f e r e n t  s o i l  pH va- 
l u e s ,  Organic m a t t e r  con t en t  and c a t i o n  exchange ca- 
p;tcity (c,E.c:) occrlr a t  var ior ls  s o i l  dep th s  i n  t h e  
s o i l s  of  Ondo s t a t e  a r e  presen ted  i n  f i g u r e  1. 
Table 1 shows t h e  ranges and means of s o i l  a n a l y s i s  
f o r  t h e  d i f f e r e n t  dep ths  of t h e  s o i l s .  
AuX : The pF oE t h e  su r f  ace s o i l  0-15cm) v a r i e d  
rrom ~ t . 4  t o  0 . 8  \\:ith a mean of  6 . 0 .  About 93% of  the  
t op  s o i l  throughout t he  s t a t e  has n pH va lue  w i t h i n  
t h e  range 5 t o  7 ;  t h i s  probably r e p r e s e n t s  an accumu- 
l a t i o n  of ba se s  i n  t h e  s u r f a c e  s o i l  (Bates ,  1960).  
Although t h e  pH decreased  dnwn t h e  p r o f i l e .  i t  never 
go t  below a  mean v a l u e  of  5 even a t  60-90cm dep th .  
It appears  t h e r e f o r e  t h a t .  w i t h  proper  s o i l  manage- 
ment p r a c t i c e s ,  t h e  p r e sen t  s o i l  r e a c t i o n  is  q u i t e  
i d e a l  f o r  t h e  cnmmcnly grown c rbps  of t h e  s t a t e .  
! t 7 t W  7 . f . . : The 0.M. con t en t  of 
t h e  s u r f a c e  s o i l  v a r i e d  from 0.5% a t  7 km from Owens 
on Ilesha/Ondo road t o  4.3% a t  3 km from Ondo on Akure/ 
Ondo road.  About 44% of t h e  samples conta ined  over  2% 
0.M and about 132 conta ined  l e s s  t han  1%. The mean 
l e v e l s  of  0.M dec l i ned  down t h e  s o i l  p r o f i l e  a s  1 .9 ,  
1 .15,  1 .2 and 0.5% a t  0-15, 15-30, 30-60 and 60-90cm 
r e s p e c t i v e l y .  The c o n t e n t s  of  O.M. observed i n  t h e s e  
s o i l s  a r e  g e n e r a l l y  lower t han  va lues  p r ev ious ly  r e -  
ported f o r  South Western Niger ian  s o i l s  by Agboola and 
Cnrey (1976): t h i s  could be  a t t r i b u t e d  t o  t h e  f a c t  t h a t  
t h e  l e n g t h  of f n l l nw  pe r iod  of Southern  N i g e r i l  today 
is  g e n e r a l l y  much s h o r t e r  t han  i t  was t e n  years  ago 
(1968) when Agbools and Corey c a r r i e d  ou t  t h e i r  s t u d i e s .  
Adepetu and Corey (1976) had r epo r t ed  a  37% drop i n  t h e  
0.M conten t  of s o i l s  o f  Southern Niger ia  w i th in  about  
20 weeks of c ropping  i n  t h e  greenhouse.  Also, Adepetu 
o f  ((1 (1978) r epo r t ed  n 58% drop  over  seven y e a r s  o f  
cont inuous ly  c u l t i \ r a t i n g  an Iwo s o i l  under f i e l d  con- 
d i t  i o n s .  

The C . E . C  of rhe s u r f a c e  s o i l  had a  mean of 11.4 
meq:100g s o i l  w h i c h .  though low, i s  no t  u sua l  f o r  
h igh ly  wcnthcrcd t r o p i c a l  s o i l  w i t h  r e l a t i v e l y  low 
conten t  of O.M.  

The f r equenc i e s  i n  which d i f f e r e n t  concen t r a t i on  
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Table 1. Mema and rang** of soiln analysis values a t  various deptba of h d o  State  s o i l s .  

-18 Dcpth IUl3-Il P I[ Ca Hg l a  Zn Mn cu 0.n pH C.E.C. Base - Sat .  

P P  X (CaC12) PIeq.1100g X 
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ranges of NO -N, avai ' lable P ,  and exch. K.  Ca and : ~ g  
occur i n  s o i ? s  of Ondo s t a t e  a r e  presented in  f i g u r e  2 
f o r  s o i l  depths  0-15, 15-30, 30-60, and 60-90cm.Table 1 
shows t h e  ranges and means of t hese  parameters i n  t h e  
s o i l s .  
N i f h n t c  - N L t f i c r g e ~  : About 80% of the  su r f ace  samples 
contained 80 -N t h a t  i s  l e s s  than 30 ppm. a l e v e l  con- 

3 
s ide red  t h e  c r i t i c a l  minimum f o r  good crop  growth 
(Edward and Barber, 1977), assuming reasonable r a t e  of 

N supply from 0.M mine ra l i za t ion  and minimum l o s s  
through l ea rh ing ;  The l e v e l s  ranged from a  low of 3 . 2  

~. 

q-N (wm) P ~ d l  -P(ppm) @.K (ppm) Errh Co [wm) W - M ( ~ m )  
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ppm a t  Okitipupa t o  96 ppm about half-a-kilometer out- 
s ide  Ore on Ore/Agbobu road, with a mean of 23.7 ppm. 
It appears therefore  t ha t ,  general ly ,  supplementay su- 
pply of fer t i l izer-N i s  imperative f o r  optimum crop 
performance i n  t h e  s o i l s .  An e a r l i e r  study byrAdepetu 
and Corey (1977) on a Western Nigerian f o r e s t  s o i l  
showed marked maize y ie ld  response t o  N f e r t i l i z e r  
application.  

As expected, NO -N content of the  s o i l s  declined 
3 

with s o i l  depth, t o  a mean value of 8.9 ppm a t  60-90cm 
depth. The subsoi l  generally had highest  proportion 
of samples showing l e s s  than 10 ppm NO3-N. E v a  then 
the  subs tan t ia l  amounts of NO -N i n  the  subsoi l ,  even 3 
a t  60-90cm depth, w i l l  serve In  supplementing the  top 
s o i l  Nitrogen content espec ia l ly  f o r  deep rooted arables 
and t r e e  crops. 
P h a b p h o u  : Available s o i l  phosphorus, as  determined 
by Bray 1 ex t rac tan t ,  was generally low i n  s o i l s  of 
the  s t a t e  (Table 1 )  having a range, i n  the top 0-15cm 
s o i l ,  of 2 ppm a t  Ogbagi near Ikare t o  32.5 ppm a t  
Odeaye i n  Ika le  loca l  government area,  with a mean of 
13.6 ppm. In  t h i s  top 0-15 cm layer  of s o i l ,  30.8 of 
samples had avai lable  P content within the  range of 
15.0 t o  32.5 ppm while 25.7% had values i n  the  range 
4.0  t o  7.5 ppm; the  highest  proportion of samples f e l l  
within these  two ranges of avai lable  P content. The 
c r i t i c a l  avai lable  P l eve l  has not been es tabl ished 
f o r  Nigerian s o i l s ,  and avai lable  l i t e r a t u r e  on t ro-  
p ica l  s o i l  research provides no values on the  cr i t i -  
c a l  Bray-1-extractable P l eve l  i n  s o i l s  of the  humid 
t ropics .  However, Navas & d (1966) working with 
volcanic ash s o i l s  of t r op i ca l  Columbia, concluded 
t ha t  the  c r i t i c a l  Bray-11-extractable P l eve l  i n  
t r op i ca l  Lat in  America i s  20 ppm. Since Bray number 
11 i s  a more ac id ic  ex t rac tan t  thao Bray number 1, i t  
probably ex t r ac t s  more P from s o i l  than Bray 1 by 
physical corrosion of some of t he  Fe and A 1  minerals. 
Hence the  c r i t i c a l  Bray-1-extractable P (avai lable  

should be a . b i t  lower i n  magnitude than- the  value 
f o r  Bray 11. Assu ing  therefore  a c r i t i c a l  ava%l- 
able P l eve l  of 15 ppm f o r  Ondo s t a t e  s o i l s ,  t h e  
r e su l t  presented i n  f igure  2 suggests t ha t  about 70% 
of t h i s  area  a r e  P-deficient. Kamprath (1973) ob- 
served tha t  the  highly weathered u l t i s o l s  and exisols  
of the  t rop ics  a r e  general ly  qu i te  def ic ien t  in P. 
Also, Agboola and Corey (1976) conducted a nu t r ien t  
deficiency survey of m ~ i z e  across Western Nigeria in 
1968 and concluded t ha t  a very high proportion of 
samples from the ra in fores t  south contained low P 
le,vels . 
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It had e a r l i e r  been observed t h a t  about 50% of 
t o t a l  P i n  t h e  r a i n  f o r e s t  s o i l s  of N ige r i a  occur  i n  
t h e  o rgan ic  form (Adepetu and Corey, 1976; Uzu & d 
1975; Enwezor and Moore, 1966).  Also Adepetu and 
Corey (1977) observed t h a t  about  25% of s o i l  o rgan ic  P 
i n  a  s u r f a c e  s o i l  of South Western N ige r i a  was mini- 
r a l i z e d  w i t h i n  a  yea r ,  r e s u l t i n g  i n  t h e  r e l e a s e  of 
approximately t h r e e  t imes a s  much ino rgan ic  P a s  was 
t aken  up by two crops  of maize w i t h i n  t h a t  y e a r .  Hence, 
when s o i l s  of t h e  South Wes te rn ' fo re s t  zones of Niger ia  
co'ntain reasonable  l e v e l s  of O.M, t h e  r a t e  of o rgan ic  P 
m i n e r a l i z a t i o n  may be r ap id  enough f o r  a  few y e a r s  f o l -  
lowing land  c l e a r i n g  t o  main ta in  adequate P a c t i v i t y  
f o r  p l a n t  growth. 

A s h a r p  d e c l i n e  i n  a v a i l a b l e  P  was observed from 
13.6 ppm a t  s u r f a c e  0-15cm t o  5.0 pprn j u s t  below t h e  
s u r f a c e  a t  15-30cm depth ;  from t h e r e  down t h e  P l e v e l  
seemed t o  change very l i t t l e .  S imi l a r  obse rva t ions  have 
p rev ious ly  been made f o r  Niger ian  s o i l s  by Bates  and 
Baker (1960), and by Enwezor and Moore (1966) who su- 
gges ted  t h e  d e c l i n e  t o  be a  r e f l e c t i o n  of l a r g e  de- 
c r e a s e  i n  t h e  amount of o rgan ic  P  i n  s o i l s  below 5cm 
depth .  I n  t h e  p re sen t  s tudy ,  t h e  g r e a t e s t  p ropor t ion  
of s u b s o i l  samples contained l e s s  than  5  pprn a v a i l a b l e  

P (F igure  2 ) .  Hence, s i g n i f i c a n t  c o n t r i b u t i o n  of t he  
s u b s o i l  t o  a v a i l a b l e  P  supply of c rop  would not be 
expected i n  t h e s e  s o i l s .  
potalno-: The exchangeable K l e v e l  i n  the  top  s o i l  
v a r i e d  between 33 pprn a t  Odeaye in  I k a l e  and 233 ppm 
n e a r  Ondo town, wi th  a  mean of 119 ppm. The mean 
va lue  obta ined  f o r  t o p  s o i l s  of t h i s  s t a t e  is s i m i l a r  
t o  t h e  mean va lues  observed e a r l i e r  f o r  combined zones 
9f Western Niger ia  - 110 ppv - and t h e  r a i n f o r e s t  South 
Western Niger ia  - 114 pprn (Agboola and Corey, 1976); 
and a r e  n o t  much d i f f e r e n t  from t h e  va lues  observed 
f o r  s o i l s  of o t h e r  t r o p i c a l  reg ions  (Pa lenc ia  and 
Mar t in i ,  1970; Boock and F r e i r e ,  1960: and S i l v a  and 
P r e l r e ,  1968). Although t h e  c r - t i c a l  exchangeable K 
l e v e l  ha s  not  been e s t a b l i s h e d  Lor Nigerian s o i l s ,  i t  
was assumed t o  f a l l  somewhere between 75 pprn and 100 

- ppm, based on an  e v a l u a t i o n  of a v a i l a b l e  l i t e r a t u r e  on  
crop y i e l d  responses t o  K a p p l i c a t i o n  a t  vary ing  s o i l  
t e s t  va lues .  Figure 2 shows t h a t  about 60% of top 
s o i l  samples from Ondo s t a t e  contained more than 10b 
ppm exchangeable K ;  and j u s t  about 23% of t h e  samples 
conta ined  l e s s  than 75 ppm. This  r e s i l l t  seems t o  
sugges t  t h a t  s o i l  K supply is  not a l i m i t i n g  f a c t o r  t o  
crop product ion  i n  Ondo s t a t e  s o i l s  a t  p r e s e n t .  I t  
must be noted t h a t  even though exch. K l e v e l  i n  t he  
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s o i l s  dec l ined  down t h e  s o i l  p r o f i l e ,  t h e  dec rease  
from s u r f a c e  down was not  very sha rp ;  and t h a t  about  
54% of t h e  samples c o l l e c t e d  a t  15-30cm s o i l  depth  
conta ined  g r e a t e r  t han  75 pprn exch. K. Hence, t h e  
s u b s o i l  should be a  s i ~ n i f i c a n t  supplementary sou rce  
of K supply i n  t h e s e  s o i l s .  
C&c& und m a g r r a h . r  : Exchangeable Ca concen t r a t i on  % 

of '  t h e  s o i l s  was q u i t e  h igh ,  and showed f i r s t  a  s h a r p  
d e c l i n e  and then  very  gradual  d e c l i n e  from t o p  down 
t h e  p r o f i l e .  While a  mean of 1168 ppm exch. Ca was 
i nd i ca t ed  f o r  t h e  t op  s o i l  o f  Ondo s t a t e  i n  t h i s  s t u d y ,  
Agboola and Corey (1976) repor ted  a  mean va lue  of 772  
ppm f o r  t h e  t op  s o i l s  of South Western N ige r i a .  How- 
e v e r ,  Agboola and Corey sampled t h e  t o p  s o i l  a t  0-30cm 
l e v e l ,  whereas t h e  p re sen t  s tudy  involved 0-15cm a s  
t he  t op  s o i l .  The much-higher  concen t r a t i on  of ex- 
changeable Ca i n  t h e  t op  s o i l  than  subso i l s ,  is  pro- 
bably a  r e f l e c t i o n  of t h e  r e l a t i v e l y  high 0.M content  
of t h e  t o p s o i l  whfch provide most of t h e  c a t i o n  ex- 
change s i t e s  i n  t h e s e  s o i l s .  Over 87% of t h e  s u r f a c e  - s o i l  samples conta ined  more than 500 pprn exch. Ca. 
Therefore ,  Ca should not  c o n s t i t u t e  a  y i e l d  l i m i t i n g  
f a c t o r  i n  t h e  s o i l s  of Ondo s t a t e  f o r  some t ime i n  t h e  
f u t u r e .  

The exchangeable Mg i n  t h e  s o i l s  averaged 98 pprn 
f o r  t h e  t op  s o i l ,  dec l ined  t o  about 74 pprn a t  15-30cm 
and remained a t  approximately t h i s  l e v e l  f o r  t h e  r e s t  
of t he  s o i l  dep ths  sampled. E a r l i e r ,  Agboola and 
Corey (1976), and Lombin and Fayemi (1976) had r e -  
pnrted mean va lues  of 249 pprn and 162 pprn r e s p e c t i v e l y  
f o r  Western Nigeri-an s o i l s .  I n  t h e  p re sen t  s tudy .  
about 70% of Ondo s t a t e  s o i l s  were found t o  c o n t a i n  
more than  75 ppmex'ch. Mg i n  t h e  t op  0-15cm l a y e r ,  a  
s o i l  Mg concen t r a t i on  t h a t  we cons idered  adequate f o r  
optimum crop  performance. 

The Ca: Mg r a t i o ,  c a l c u l a t e d  from t h e  m i l l i e q u i -  
v a l e n t  l e v e l s  of exch. Ca and exch. Mg i n  t h e  s o i l s ,  
showed a  mean v a l u e  of 7.12 f o r  s o i l s  of t h e  s t a t e .  
Th i s  f a l l s  w i t h i n  t h e  accep tab l e  range of Ca: Mg r a t i o  
1 t o  r a t i o  30, which s o i l  cond i t i on  i s  usua l ly ,  no t  
expected t o  produce induced Mg de f i c i ency  in  p l a n t s  
(Barber 1974). 

Ease s a t u r a t i o n  of the  c a t i o n  exchange complex of 
t he  s o i l s  was c a l c u l a t e d  according t o  T i s d a l e  and 
Nelson (1971), wi th  t h e  assumption t h a t  the  dominant 
c a t i o n s ,  a p a r t  from H + ,  on the  exchacge s i t e s  a r e  Ca, 
Mg, Na and K. Table 1 shows the percent  base s a tu ra -  
t i o n  i n  t h e  s o i l s ,  i n d i c a t i n g  a mean of 59% base  sa tu-  
r a t i o n  f o r  s o i l s  a c r o s s  t h e  s t a t e .  According t o  San- 
chez and Buol (1975), a g r i c u l  t r ~ r e  i n  t he  t r o p i c s  f i r s t  
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developed i n  a r e a s  of h igh  base  s t a t u s  s o i l s ,  and t h e  
impact of  t h e  "green revolu t ion"  programs i s ,  t o  d a t e ,  
ve ry  much l i m i t e d  t o  a r e a s  of h igh  base  s t a t u s  s o i l s ,  
p a r t i c u l a r l y  t hose  t h a t  a r e  i r r i g a t e d .  Hence, h igh  
base  s t a t u s  i s  almost synonymous wi th  h igh  n a t i v e  s o i l  
f e r t i l i t y  and r e l a t i v e l y  low c o s t  of supply ing  addi- 
t i o n a l  n u t r i e n t s .  F igure  2 i n d i c a t e s  t h a t  about  77% 
of t h e  s o i l s  ac ros s  Ondo s t a t e  had g r e a t e r  than 50 per- 
cen t  base  s a t u r a t i o n ;  and about 23% of t h e  s o i l  samples 
had va lues  exceeding 75. Sanchez and Buol (1975) have 
suggested t h a t  t r o p i c a l  s o i l s  of t h i s  n a t u r e  should be 
managed wi th  t h e  aim of maximizing t h e  p o t e n t i a l  of 
h igh  y i e l d i n g  crop v a r i e t i e s ,  and improving t h e  cropp- 
i n e  system wi th  i n t e n s i v e  f e r t i l i z e r  i n p u t .  

T~~~ dC!,lee : The l e v e l s  of Na-EDTA-extractable I r o n ,  
Manganese, Zlnc and Copper a t  va r ious  depths  of s o i l s  
a c r o s s  t h e  s t a t e  a r e  presented  i n  t a b l e  1. Figure 3 
i n d i c a t e s  t h e  frequency of  occurrence  of t he se  micro- 
n u t r i e n t s  a t  t h e  i n d i c a t e d  ranges of magnitude a t  d i f -  
f e r ence  s o i l  dep ths .  .Deficiency of Fe o r  En should 
probably not occur  i n  t h e s e  s o i l s  a t  t h e  p r e s e n t  l e v e l s  
of f e r t i l i t y .  On t h e  o t h e r  hand Mn t o x i c i t y  could be- 
come problematic  under poor s o i l  management cond i t i ons .  
With i n t e n s i v e  c u l t i v a t i o n ,  i t  would become impera t ive  
t o  a d j u s t  t h e  type  of f e r t i l i z e r s  t o  u se  i n  t he se  s o i l s  
such t h a t  t he  pH remains near  n e u t r a l  cond i t i on , a s  wel l  
a s  eva lua t ing  c rops ,  e s p e c i a l l y  legumes, f o r  Mn t o l e -  
rance.  

E x t r a c t a b l e  Zn seems t o  be  low i n  t h e  s o i l s .  Over 
88% of  t h e  a r e a  a p p e a r t o  c o n t a i n  l e s s  than 10 ppm' 
EDTA-extractable Zn i n  t h e  t op  s o i l  (F ig .3) ,  and i n  
f a c t  about 54% of t h e  a r ea  conta ined  l e s s  than 5 ppm 
Zn. Osiname (1972) had r epo r t ed  a mean of 4.6 ppm f o r  
28 s o i l s  a c r o s s  South Western N ige r i a .  Cox (1773) how- 
eve r ,  summarized t h e  r e p o r t s  of s e v e r a l  workers i n  
t f o p i c a l  L a t i n  America and concluded t h a t  t h e  c r i t i c a l  
l e v e l  of EDTA-eptractable s o i l  Zn ranged from 0.8 t o  
1.4 ppm. I f  t h i s  range ho lds  f o r  s o i l s  of Ondo s t a t e  
of N lge r i a ,  t hen  Zn d e f i c i e n c y  should not  be common i n  
t h e  s o i l s .  Orode (1973) had simiLar conclus ion  trom a 
general survey  f o r  Zn d e f i c i e n c y  i n  Western Niger ia  
s o i l s .  

E x t r a c t a b l e  s o i l  Cu was found t o  b e  v e r y  Low i n  
t h e  s o i l s ,  w i t h  a mean o f  1.3 ppm i n  t h e  t o p  s o i l  and 
a r a n g e  from l e s s  than 1 ppm i n  o v e r  30% of  t h e  loca-  
t i o n s  sampled t o  9 ppm a t  Ilara in Akure Local  Counci l  
Area. Osiname (1972) had earlier r e p o r t e d  a mean va- 
l u e  of  2.46 ppm f o r  some s o i l s  o f  Western Niger%a.Also,  
P i n t a  and O l l a t  (1961) observed  a tendency  o f  r a i n f o r e s t  
t r o p i c a l  s o i l s  o f  Dahomey t o  b e  Cu-de f i c i en t .  Accord- 
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s o i l s  dec l ined  down t h e  s o i l  p r o f i l e ,  t h e  dec rease  
from s u r f a c e  down was not  very sharp ;  and t h a t  about 
54% of t h e  samples c o l l e c t e d  a t  15-30cm s o i l  depth  
contained g r e a t e r  than  75 pprn exch. K.  Hence, t h e  
subso i l  should be a  s i ~ n i f i c a n t  supplementary source 
of K supply i n  t h e s e  s o i l s .  
Cdckun mar,rruh4 : Exchangeable Ca concen t r a t ion  
of '  t he  s o i l s  was q u i t e  h igh ,  and showed f i r s t  a  s h a r p  
d e c l i n e  and then  very gradual  d e c l i n e  from top  down 
t h e  p r o f i l e .  While a  mean of 1168 ppm exch. Ca was 
ind ica t ed  f o r  t h e  top  s o i l  of Ondo s t a t e  i n  t h i s  s tudy ,  
Agboola and Corey (1976) repor ted  a  mean va lue  of 772 
pprn f o r  t h e  top  s o i l s  of South Western Niger ia .  How- 
ever ,  Agboola and Corey samplea t h e  t o p  s o i l  a t  0-30cm 
l e v e l ,  whereas t h e  present  s tudy involved 0-15cm a s  
t h e  t o p  s o i l .  The much. h ighe r  concen t r a t ion  of ex- 
changeable Ca i n  t h e  top  s o i l  than subso i l s .  i s  pro- 
bably a r e f l e c t i o n  of t h e  r e l a t i v e l y  high 0.M content  
of t h e  t o p s o i l  whzch ~ r o v i d e  most of t h e  c a t i o n  ex- 
change s i t e s  i n  t h e s e  s o i l s .  Over 87% of t he  su r f ace  
s o i l  samples conta ined  more than 500 pprn exch. Ca. 
  here fore, Ca should not  c o n s t i t u t e  a  y i e l d  l i m i t i n g  
f a c t o r  i n  t h e  s o i l s  of Ondo s t a t e  f o r  some time i n  t h e  
f u t u r e .  

The exchangeable Plg i n  t h e  s o i l s  averaged 98 pprn 
f o r  t h e  top  s o i l ,  dec l ined  t o  about 7 4  pprn a t  15-30cm 
and remained a t  approximately t h i s  l e v e l  f o r  t h e  r e s t  
of t he  s o i l  depths  sampled. E a r l i e r ,  Agboola and 
Corey (1976), and Lombin and  ayem mi (1976) had re-  
ported mean va lues  of 249 pprn and 162 pprn r e s p e c t i v e l y  
f o r  Western Nigerian s o i l s .  I n  t h e  present  s tudy.  
about 70% of Ondo s t a t e  s o i l s  were found t o  con ta in  
more than  75 ppm.e<ch. Mg i n  t h e  top  0-15cm l a y e r ,  a 
s o i l  Mg concent ra t ion  t h a t  we considered adequate f o r  
optimum crop  performance. 

The Ca: Mg r a t i o ,  ca l cu la t ed  from t h e  m i l l i e q u i -  
v a l e n t  l e v e l s  of exch. Ca and exch.  Mg i n  t h e  s o i l s ,  
showed a  mean va lue  of 7.12 f o r  s o i l s  of t he  . s t a t e .  
This  f a l l s  w i th in  the  acceptable  range of Ca: Mg r a t i o  
1  t o  r a t i o  30, which s o i l  condi t ion  i s  usual ly.  not  
expected t o  produce induced Mg de f i c i ency  i n  p l a n t s  
(Barber 1974). 

Ease s a t u r a t i o n  of the c a t i o n  exchange complex of 
the  s o i l s  was c a l c u l a t e d  according t o  Tisda le  and 
Nelson (1971), wi th  t h e  assumption t h a t  t he  dominant 
c a t i o n s ,  apa r t  from H + ,  on the  exchacge s i t e s  a r e  Ca, 
Mg, Na and K. Table 1  shows the percent  base sa tura-  
t i o n  i n  t he  s o i l s ,  i n d i c a t i n g  n mean of 59% base satu-  
r a t i o n  f o r  s o i l s  ac ros s  t h e  s t a t e .  According t o  San- 
chez and Buol (1975). a g r i c u l t u r e  i n  the  t r o p i c s  f i r s t  
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Fq 3 . F~q" rcy  datr~Mbn of vor~ous q e s  of EDTA Edtrac?r.>le Fe. Mn Zn ,lrd 

Cu at dlffertnt dcpths of Onao State Soils 

ing to  Smyth and Montgomery (1962), most of t h e  s o i l s  
of Western Ni-geria a r e  derived from ac id i c  parent mate- 
r i a l s  and a r e  therefore l i k e l y  t o  be inherent ly low i n  
Cu. On the basis  of t h i s  information, t he  low Cu le- 
ve l s  observed i n  t h i s  study f o r  Ondo s t a t "  s o i l  i s  not 
surpris ing.  However, Ondo s t a t e  i s  t he  major a rea  fo r  
cu l t iva t ion  of cocoa on which Cu-fungicides have been 
continuously applied f o r  several  years,  hence it was 
expected tha t  s o i l s  i n  t h i s  s t a t e  would contain high 
leve ls  of Cu. Observations made i n  Central America 
showed tha t  Cu t o x i c i t y  ~roblems occurred a f t e r  exten- 
ded fungicide appl icat ions on bananas (Cox 1973). The 
r e s u l t  of the present study seems to  suggest t ha t  the 
Cu sprays used i n  cocoa ~ l a n t a t i o n s  d id  not a f f e c t  ad- 
jacent. a rab le  o r  fallow lands. 
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E4aiee l e a d  A n d y b i h  : 

Analysiq of the maize leaf samples showed the 
following &an concentrations of P, K, Ca, Mg, Fe,Zn, 
Mu and Cu r~spectively: 0.17%, 0.26., 0.39., 0.22%, 
434 ppm, 152 ppm, 108 ppm and 315 ppm. Because the 
internal critical nutrient requirements of maize have 
not been established for Nigerian conditions, the fol- 
Jowing critical levels of elements currently being 
used for the state of Wisconsin, U.S.A have been used 
in this.study, as a first approximation, in construct- 
ing figure 410.2% P, 1.8% K, 0.2X Ca, 0.2% M g ,  11 ppm 
Fe, 20 ppm Zn, 20 ppm k and 6 ppm Cu. If. these criti- 
cal values obtained for maize grown in Ondo state soils, 
the results presented in figure 4 would suggest that 
P, K and Cu are generally deficient in soils of the 
state, the others should be adequate for optimum maize 
yields. 

f q 4 .  Regam ol Ma- h f  m p b ,  fmn ocrcss OnQ W, shmrq W 
c m ~  b c l a  or abovr the ccriiool lntrrnol rcqulmncnts of varian 
nutrients. 

ffl L a  than thr crltical level 
Great- thon lh* cr~ticol Lrwl 
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