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MAKING THE SOIL NUTRITIOUS TO PLANTS 

Plants are ablc to live without h:AN, but RIAN cannot live 
without plants. If, therefore, hfAN has to  survive on earth, 
he has to ensure that the medium in which plants grow, 
namely the soil, is kcpt nutritionally balanced. It is on this 
prcmisc that my lecturc will be Lased. And taking cognisance 
of thc expected heterogeneity of my audience, I will try not 
to  be too technical. L' it11 this in vicw, I shall attempt to 
clcvelop the topic by posing the questions: What is a soil? 
And how does the soil acquire its fertility status for the 
nourishrrent of  plants ? 

The Soil 

'The soil is simply a medium for plant growth. Technically, 
the soil scientist defines it as the unconsolidatecl mincral 
matter on the surrace of the earth that has becn suhjectccl to, 
and influenced 11)- genetic ant! environmental factors such as 
rocks, climatc, \.eqctation and topo,~apl ly ,  all acting over a 
period o f  time and producing a product (soil) that differs 
rrom thr mntcrial from which it is deri\,cd. Fig. 1 gives a 
rliayramatic skctch oI' the process of soil formation. Once 
formed, thc soil is further subdivided into fine particle sizes 
which are classified as clay, silt and sand and on the basis of 
the mistures of these clacses may be described as loamy, 
sancly loam, sand>: cia!- loam et cetera as shown in tlic soil 
textural triangle in Fig. 2. 

For example, when you take up a s!lovel and make a 
l~ertical cut down a typical farmland, a profile of succcssio~l 
of la)-ers, known as horizons is observed. The horizons 
differ in colour, texture, structure, consistency and porosity. 
The most easily recognisable feature of the profile is the 
distinctive colour of the layers. Consequently, it is not 
uncommon to come across a "dark soil", "red soil", "gray 
soil", "brown soil", et cetera. These colour variations are 
often directly related to the physical an: chemical reaction: 
in the soil. 
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For the production of arable crops, the soil scientist con- 
centrates on the first 20cm or 12  inches layer usually referred 
to  either as the top soil,. the "A " horizon or the surface soil. 
It is in this layer that nutrients required by plants are 
provided. It is oftcn dark in colour and contains higher 
accumulation of dead plant and animal remains than the 
lower laver. (See Fig. 3). 

The role of the soil as a medium for food production 
cannot be over-stressed. It is in recognition of this fact that 
Professor 'I. I. Ashaye of the Department of Soil Science, 
University of Ife, in his inaugural lecture in 1978 described 
the soil as "the great provider of food which in turn is the 
bedrock of civilization". And to emphasise the importance 
of the soil ac the grcat provider of food for the billions of the 
world's people, the United States of America Agency for 
International Development. in the Progress Report of Soil 
Sfanaqement Senice Proyramme, reported that "as of 1975, 
each hectare or 2.4 acres of the globe's surface under culti- 
vation had to provide for the nutritional needs of three 
people. By the end of the century, the same report warned 
that the arablr land-to-population-ratio will become one 
hectare for six people. This infers that with time, \i.e will be 
faced with less land area for cultivation under an increased 
p~pula t ion pressure. Consequently, what can we do under 
this situation, where we cannot effectively control popula- 
tion? \Ye can -of course, control the soil and place it in a 
fertile condition to  produce enough food for the expected 
increase in population. 

The Concept of Soil Fertility 

u n d s c o m p o ~ s d  plant 
and o n ~ m a l  r e m a n *  

1 decomposed orqonlc 
molter,  showing dark 
colour, and rich in  
rninarol nutr  i e n t s .  

s u b - % u r l a c e  s a i l ,  
.how:nq ''oh! darkish 
l o  q r c v i l h  c o l o u r ,  
hiqh i n  c l o y .  

p o r e n t  m l f c r i a l  ahowinp 
q r s y t ~ h  colour , f r o m  
w h ~ c h  a r e  f o r m e d  t h e  u p p e r  s o ~ l r  

h a r d  r o c k  or b o d  r o c k  
l a y e r ,  w h i c h  la r e l l a l o n l  
t o  w s a l h s r l n q  

blgure 3: A Typicd  Soil Profile of a Farmland. 

A soil is regarded fertile if it contains all essential factors 
such as light, temperature, air and mineral nutrient elements 
in adequate and balanced proportiop to  support the growth 
of plants. 



011r forc-fathers for long recognised the need to keep the 
soil fertile. They cultivated the soil and added manure to  
regenerate its "strength". As we are told by historians, 
before the birth of Christ, great Greek and Roman philoso- 
phers such as Aristotle, Plato, Carto, Pliny and Virgil 
advanced various theories on natural science some of which 
were practicalised into successful farming ventures. And 
after the following the birth of Christ, some of  the 
followers of Christ referred to  the need t o  maintain a fertile 
agricultural land. T o  be specific, the relevant ~ e r s e  on  ferti- 
lity of soil in the Bible is as written by St. Luke in Chapter 
13. 6-9. It reads: 

He spake also this parable; A certain man had a fig tree 
planted in  his vineyard; and h e  came and sought fruit 
thereon, and found none. Then  said he un to  the  dresser 
of his vineyard. Behold, thcse three years I come seeking 
fruit o n  this fig tree and find none, cut it down;  why 
cumbereth i t  t h e  ground? And he  answering said u n t o  
him, Lord, let it alone this year also till I shall dig about  
it and dung i t :  And if it hear fruit, rue//: and if not ,  then 
after t h a t  thou shalt cut  it down. 

From my ordinary interpretation or  this parable, the 
reference to  "duns" meitns fertilizer or mamure, an important 
inpedient  for enriching the soil with lood for plants. This 
verse is thcreForc a demonstration of the agc-old.recognition 
* ) r  the importance o f  the contribution of soil management to  
ar~ricultural procluction. 

I 'ol lowin~ this i~iblical period, a crop of dcdicatetl agricul- 
t r~ral  chemists sprang up. And in the 19th century, German 
scicntists such ;IS Justus 1,icl)ig (1803-1973) ancl biitscherlich 
(1 874- 19.56) atlvancctl thcorics on  thc mineral nutrit.ion of 

plants, anrl prop~lundccl the "Law of  the minimum" which 
states that tlic soli may contain almost all clcments but the 
tleficiency of onc clcment may render it unproductive and 
that for ;t nrrtrient elemcnt not present in adequate amounts, 
a certain maximum yield was obtainable by the addition of 
that nutrient element. This means that all nutrients should 

be available in the soil in an appropriate and balancecl 
amount in orcler t o  promote plant growth. 

From the works of 1,ict)ig and A~Iitscherlich, we i 
and indeed Nigeria derived ;he inspiration to sus 
procIucti.ile capability o f  our farm land. 

n .lfrica 
tain the 

The practicc o f  shifting cultivation by our rural farmers 
was adopted in ortlcr to  make good the damage or loss causcd 
by the unnatural cropping of the land (Nye and Greenland, 
1960). This system of farming certainly has merits and 
demerits. The demerits appear overwhelming and, in m)' 
view, have outweighed the merits under the present economic 
pressure on the land for agricultural, industrial ancl residential 
purposes. Therc is \.irtually 110 land for farmers to  shift to. 
There is just no lanc! to  be left in fallow. E'urther~ilorc, 
since inor~anic  fertilizers and manure arc rarcly used uncle: 
the shifting culti\,ation system, decline in yield after p r o  
lonyecl cropping in the humit1 tropics, could occur. \ l ' i~at  i: 
neetlccl, therefore, is a f a r m i n  system that can result ir 
increns~c! yicld b!. cultivating a piece of land for a long perioc 
or  timc with the s\lpport of adequate manuring to maintajr 
soil fertilit~.. 

.Attrmv7ti i t7 t l i i ~  direction Y-ere iritiatcd in 
. - -  . . . . ,I , , ! i : i so~~  ~ i ~ e n  ti:,: Ljirc(:co: 9; . i g - i ~ u ~ ~ b r c  11; A,,iyc: 1' 

,Asha!.?, 1978) anti spj-t-.ad 1 0  reccnt soil scicntists. I,.a,.i! 
Xiyexian ii~rmcrs n c r c  taught to plant le=umcs in theil- iiclc 
10 pr(~(luce natural forms n f  nitrogen. The). were also tnuyl11 

to  practice rotation f:-~rn?ini:. ' J ' h c ~ .  altcrnatccl b c ~ t ~ - c t : l  

Icguminous (qount lnut  anti mucuna) and non-lcguniinon~ 
(cot ton,  rnl~ize, !.nlns) crops. 

'I'Ilc rotation farmin? sJ7stcm ~ ~ a d u a l l ~ .  5avc \\a>. to 11. 
mi>;ed l'arminc; systcni particularl!- in the savanna ccoloqit . 
?one whrrr  fnmlers wrre inducrd t o  farm after pa!-ini ;I sm:! 
deposit l'oi plo~rfihq, pair of trained draft cattlc, a culti\faro 
n yol.;e, and were qi\fen credits 1):- file Sati\'!: :ldminisir:~~.i_r 
ix.-q. 1. 

!I 
I', 

li  



'IS ;L resl~lt oS tllc in(li~c.emcnt providcd to lnixccl farmcrs, 
their population incwascd I'rom 1,959 in 1939 Lo 15,000 in 
1959 ant1 t o  :36,000 in 1964. It is quite likcly that current 
figurcs n~iist l x  al)l)roaclling a hunclrcd tirncs the 19(i4 
figiircs. ilrisi~lg from this tlcvt:lopment, rural farmers I~egan 
to, ;~pl)rc(:i;~te tlic nccti t o  sta). much lo~lger on a piccc of 
i',~rml;~ntl, ;~ntl  rn;tint;~in its I'ertility by rcpli.nis11ing the soil 
w ~ t h  clcmcnts that haire I~cen rcmovcd I'rorn the soil through 
crop r~ptakc and mcti11)olisrn. l'hc need to i ~ d d  nutricnt 
elcments to dcplcted soils licraldcd the birtli of scries of 
fertilizer espcrimcnts on the rcsponsc of crops to nitrogen, 
phosphorus and potassium othcrwise known as N.P.K. by 

incligenous soil scientists pioneered in thc 50s and 60s by 
soil fertility cxpcrts such as Air. 13. 0. E. hmon,  hlr. S. A. 
ildetunji, Professor A. A. Fayemi, I'rofessor \V. 0. Lwenzor, 
Professor D. 11. Kkpcte, Professor A. A. Agboola, and Dr. 0. 
1.1. Jai).ebo, to mention a few. 

Determinants of Soil Fertility 

\Vhen a pr0spectii.e farmer dccides to acquire a nckv parccl 
of land, hi5 initial worry is whether the farmland is "good" 
or "1,atl". That is, whcthcr the land is ferti le or not. I-Ie 
then m,lkcs an on-the-spot assessment of tlic land. ITc looks 
a t  the topograph)- to determine the <lope of thc ficld. IIc 
looks nt the general l~egetation to obscrvc the state of qo\vth 
of the o r i ~ i n ~ i l  vegetation. Hc then goes Surthcr to seek for 
sourccs of water. 

'l'he farmer thcn turns to us, the soil scientists. He wants 
n critical c\'alt~ation on the ph>,sical and chemical propertics 
o f  the field. 'The soil cspert checks amongst other thinqs, 
~vhethrr  the soil is loam)., santly or  clayey. ;\ loanty soil 
is gcllcrall?. rega~.(lctl ~ o o d  since tlic sand and cia!. c.on~ents 
ma?. bc in thc ran::(; 01' 60 to 8076, and 11 t o  22?$ rcspcctivc- 
I .  IIo~vc\rcr, in evtremc conclitiuns wlicic thc soil m;ry 
contain about 9004, santl, or ;~bovc 80% clay, then aqricultural 
ncti\.ity will I)ccornc rl i f f ic . r r l t .  ?'he 1-iqlily s:~nd\,  s ~ i l  will not. 

retain water, whcrcas thc highly claycy soil will retain cxccs- 
sivc amount of water and will not allow plant roots to 
penetrate the soil. I'loughing is usually very difficult. And 
in any casc, a I'armcr who may like to cultivatc such a parccl 
of land will have to work extremely hard to  render it 
protluctivc! 

Chemical Properties 

Whereas thc parameters of soil quality based on physical 
asscssment may bc regarded as stablc, the same cannot be 
said of the chemical factors. It is, indeed, the chemical 
changes that control the release and availability of nutrients 
for plants. 

Some of the released elements have been proved to 
be highly essential to  plants. 'This means that the absence of 
any of the elcmcnts can rcnder the plant incapable of attain- 
ing a complete vcsetativc and productive cycle of growth; 
and that its deficicnt level in the soil cannot be replaccd by 
substituting anothcr element, and that the essential element 
must hc rcquirecl by a wide range of plants. 

Thcre are about 16 such essential elements. These are 
carbon (C), hydrogen (H), oxygen (0), nitrogen (N) ,  phos- 
phorus (P), potassium (I.;), calcium (Ca), magnesium (hlg), 
sulphur (S), iron (Fe), manganese (Mn), copper (Cu), zinc 
(Zn), boron (B),  molybdenum (TvIo), and chlorine (Cl). This 
list of elcments is not static. Infact, the plant contains much 
more than the ,I6 elements listed when analysed, but not 
all of thc additional elernents have been proved to  be physio- 
logically and metabolically essential t o  plants. 

However, with improvement in diagnostic procedures, 
many of the unidentified essential elements are now being 
identified. For example, sodium (Na), cobalt (Co), silicon 
(Si) and titanium (Ti) are on the verge of being proved as 
essential to  plants. We in Ife are carrying out studies 
aimed at proving the essentiality of sodium (Ka) to  the okro 
plant (Hibiscus spp.) and other arable crops grown in this 
vicinity. 



As long as thc listed 16 essential clemcnts are available 
in the soil in appropriate concentrations, farmers should have 
no problems. But this is a hypothetical wish. It is never the 
case in a biologically hcterogenous environment such as the 
soil. 'l'herc are complex Factors in the soil that influence the 
composition of thc releascd elements. Some of t l~esc factors 
arc soil pH, organic matter (OM) and cation exchange 
capacity (CEC) 

Soil pH: The soil pI1 may citlier be acidic or :lkalinc.'l'here 
are two ions that arc'responsille for the state of pH of thc 
soil. 'I'hep arc hydrogen ions (H+) and the hydroxyl ions 
(OH-). \\'hen the concentration of hydrogen ions is grcater 
than the hydroxyl ions, such a soil is referred to  as being 
acidic, and when the reverse occurs, the soil is ref'crred to  as 
alkaline. On the other hand, when thc le\.el of hydrogen ions 
is equal to  that of hydrosyl ions, the soil is rcferretl to  as 
being neutral. It is nccessar), t o  mention that the h e a ~ y  
rainfall that usually occurs in the troprcs induces acid con- 
dition in the soil. This is possible through the washing 
awa). of some dissolvcd clemcnts such as potassium (I<+j. 
calcium ( ~ a z ' ) ,  and magnesium (51~2') through the process 
of leaching t o  depths lower than those in w h k h  plant roots 
thrive (See Fig. 4) .  Thc vacant p l x e s  left over b ?  t h e  
leaching of these clemcnts arc then replaced h). I-{+ ions. 
r h e  h)~drolysis of aluminium ions is also hastened in the 
prcsencc of ercessive water, thus adding more lIi ions to 
the soil. The situation is slightl~. diff'crent in the s a a n n a  
reqion where the rainfall is rclati\.cl>. less than that of the 
humid tropics. 

T o  the soil scientist, the role of the soil pH is similar to 
that of the hod>- temperature to the medical doctor. Just 
as the body temperature r~~easuremcnt  is the first critical 
preoccupation of the doctor, so also is the soil p1-i t o  the soil 
scientist for monitoring the type and form of fertilizer to  
be applied t o  the soil. For example, acid soils are known to 
accumulate toxic levels of highly soluble aluminium (A13+), 



hydrogen (H'), iron ( ~ e 2 + ) ,  copper (CU~'),  manganese 
(.11n2+), and low levels of phosphorus (P), and molybdenum 
(hilo), and adversely affect, the activities of micro-organisms. 
Obviously, a farmer cuitivating this type of soil will bc 
advised not to use an acid forming fertilizer, such as 
ammonium sulphate, otherwise the acid conditions of the soil 
will be further increased. An alkaline forming fertilizer such 
as calcium ammonium nitrate or lime is normally 
recommended on acid soils. The reverse is the case with a 
highly alkaline soil. An ideal soil pH for the healthy growth 
of plants ranges from 5.5 to  6.5. 

Organic Matter Another factor that gives an indication of a 
nutritionally rich soil is the level of organic matter (Ohf).' A 
soil that supports the growth o f  plants and animils should 
normally contain adequate deposition of organic materials. 
Organic matter consists of  an accumulation of undecomposed 
or partly decomposed roots, stems, and leaves of higher 
plants, and residues o f  worms, arthropods, bacteria, algae, 
and fungi. The dead remains of these materials added to  

the soil arc converted into dark coloured complexes known 
as humus. The humus is slowly oxidized to carbonates, water 
and nitrates and other simple substances which serve as food 
f o r  plants. ?'he soil organic mattcr is the basic 'store-house' 
of plant nutrients. It provides all thc sixteen essential 
mineral elements and more. and also binds soil particles 
together allowing for easy exchange of water and air. It 
increases the soil water holding capacity, provides carbon (C) 
which is an energy source for micro-organisms. It protrcts 
vital plant nutrients, (by acting as a chelating agent) from 
loss through leaching. Organic matter accumulates more in 
the first 20 cm of the surface soil (Fig. 5). It is conventional 
to aim at soil organic matter of betwecn 1.5 to  5% to  
maintain soil fertility. 

( plant and animal 

accumulation of organic 
matter in the lSt 20cm 

soil depth 

I + 
decomposition by 
micro organisms and 

I oxidation due t o  
proper aerat ion in I 

l t h e  soil pores .  

N,P. K,  Ca, Mg,S. Fe,Cu, 

f 

W a t e r  E l  
Figure 5:  Decomposition of Organic hla t ter  and the release of 

Plant Food. 

Cation Exct:ange Capacity (CEC): The other important 

factor worthy of note is the cation exchange capacity (CEC) 
I 

thc soil tvhich is silrpl). the ability of the soil to hold and I 
cxchangc cations (K, !,lg, Ca, Na. H) for thc need of the 

I8 

plant. I h e  degree 01 exchange is dependent on the nature 

of' cla) miner;~ls and le\,cl of organic matter in the soil. The 
I 

uptake of nutrients I the plant is influenced by the 
1 

! I  
exchangr re;iction 1,ctwccn the soil and the root hair of I I 
plants. (Fig. 6). 'I.lit~s ~vhen a fertilizer is applied to the soil, 
it dissolves in thc soil solution and changcs t o  ionic forms. 
'l'hc ionic forms cntcr into iL complex proccss of exchanges in 

I, 

the soil and around the roots and finally inter  into the plant. I 

\Ye havc assessed in the soils of South LYcstenl Kigeria that a 
CEC vallre of lcss than 12 me/lOOg of soil is loiv; while 

values ranging from 12 to 25 me/IOOg of soil indicate ade- 
quacy, and abovc 25 me/ 1 OOg of soil excesses. 



Sel e c t ~ v e  membranes 

Lime Comrnerc~al 
,tone f e r t ~ l ~ z e r  

Lass In dra~noge water 
I + 

Weatherina rocks 

1:igure 6: Kutrient uptake, absorption and utilization by Plants. 
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Determining the Type and Rate of Fertilizer 
to Apply to the Soil 

'I'he basic information I have provided on thc physical ant1 
chemical properties of the soil coupled with tlic fact that 
plants consurnc nr~lricnt clements in varying concentrations, 
has ernl>hnsisctl the nccd to evaluate the exact. quantity PI' 

elemcnts in thc soil that will produce optimal plant growtl 
It is known that tlic dclnantl for nitrogen by maize is grcatc 
than that by cowpea, whcrcas a tuber crop such as yam ( 

cassava will r,-quire more potassium than the tomato or tf 
okro plitnt. Conscqucntly, a fertilizer feeding programm 
that does not take care ot the differences in the fceding hab 
of plants will not only be ineffective and uneconomical bi 
will be disastrous to  crops. 

On the basis of the above, my first approach to fertilizc 
studies was to staqdardize soil and plant tissue samplir 
techniques, the rcsult of which showed that soil samples f c  
fertility evalu,tion could be stored for up to 3 months an 
af temperatures between 15 to 1 8 ' ~  if the interpretation ( 

the results were to rcflect as close as possible, the chemic 
nature of the svil in th-  field (Aduayi, lPS1). A simil; 
study on plant tissue san.~ling showed tllat for assessing tk 
nitrogen, phosphorus and potassium requirement of  the yal 
plant, leaves should be obtained from the middle to  the low1 
canopy on the stake during the period of maximum tub1 
development. 

I also applied grr z n h o ~ ~ s c  nutrient solution, soil and sand 
culturc tec11niq~:cs ::.nci f'rlc! c:{pcriments t- ~'urther amplify 
,. L r 2 ~  1 TCI:,:S of \-;!ri!;::s ~;-;CS r : I .  rL1i ir i~r i :  Ci(..-,,l 

i . '3!31?. 
, , ~ ~ , : . n - v r ! i .  1, l ' j t ] ;  :!,,. , ! ~ ~ ~ , ~ ~ . z : : !  ,<,:? ,-!! -, .;!-!.,; :; -1,; ,. ;:  -,,,d5 . . ' \ .  

;'?.)LI:~:;. -*1 ?:? ,::l:~:. . ;;i ,.i.,::,., ' :  : ,. ,.<::: ;j:21:! , - !:t.::" ).[.;.j- ;..y:ti,t-- 
, 7 , . ~ ' ~ f f l )  TCqtl!l',::~m. : \ / ~  , l l . , :  ?:>2 .,:.:.; ..,: 1: ,,i?ic:;.s. 11; L , : : + : : ! L  ~ f , - -  

. . ,  i. J L C I ~ Y C  - C ) ~ > I ~ . ; ~ L : . T *  ,:;L>). ! ' 1  ].J<:.:.,, , : I ! .  o;;.:,., :>icil 

(Hibiscus escu/enti~s LJ !-:.:;uireci a!,>oi!i. 5 2  LO i i'O :;q i 

nitroym pcr ~ c c I : ! . Y ~ ,  \!.it11 !i-ic !.~lii)\2; I ? ! ~ I ~ . < c  (Ze-c mo;.'.i 1 
yequirin: be:\t,ec:? 5:) t!) ?ill!  ]i2 ;> it:-,.,nt::~. l,.::- hcciLi.: .:.!) 
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corrugation and necrosis anci die-back of shoot. An anato- 
mical study o f  thc cells in the xylem tissues of plants 
reccivin~ high coppe; levels showed irregularly shaped cell 
walls. Parenchyma cells of the learcs were dis-integrateci and 
faled with large accuniulation of starch grains with damagecl 
cellular structure of the roots under excessivc copper treat- 
ment. This phcnomenon hindered the absorption and trans- 
location of essential nutrient eltlnents in the ~ l a n t .  These 

results showed that excessively high accumulation of copper 
in the soil through prolonged copper fungicide application 
could cause severe toxicity effects in plants. Based on the 

implication of the results just mentioned, there seems to  be 
a parallel for cocoa in Nigeria where copper fungicide have 
bee? used extensively for the control of black pod disease. 

On the same premix,  I shifted my approach to  the study 
of the -.ctivity of microfauna in predicting soil fertility. 
Towards this end, Professor A, 0. Segun, a distinguished 
rescarchcr and teacher in the Department of Zoology of this 
University and 1 initiatcl a series of studies supported by the 
University P.esearch Committee, aimed at identifying African 
earthworm species as probable indicators of soil types and 
fertility in Kigeria. The ultimate goal of this study is to 
assess and recognise diffcrent soil types, their fertility poten- 
tials and their capacity to maintain the p o w t h  of  various 
crops -,rithout actually going through the usually laborious 
physical and chemical analysis of the soil before deciding on 
the introduction of crops. Perhaps it may, in futurc, bc 
possible to  identi'). a specifir carthluorm spcci::s that can br 
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note from the reports that the extracted liquid can also be 
used as skin cosmetics. 

Diagnostic Criteria for Soil Fertility Evaluation 

After ascertaining possible causes of nutrient deficienc)~, 
sufficiency and toxicity symptoms in plants, the next step of 
approach was to device simple cliagnostic methods for detec- 
ting these symptoms. One simple diagnostic index is the 
pigmentation of the leaves. 

Thus during ,growth, plant leaves exhibit various colour 
changes. The changes in colour are often relateG to specific 
nutricnt stresses arising from the shortage or excesses of the 
essential elements in the region of the plant that most needs 
thc elcment at a particular stage of growth. 'Thus, the leaves 
may turn ).ellow, brown, and purplc ~vhereas the entire 
vegetati\c portion of other plants ma!. turn pale-ycllo~v anu 
I)ccomc stt~ntecl with very short internodes. In the same u,ay 
the lea\.es may de\.elop chlorotic or necrotic patches intcr- 
minyletl with geen  tints in the \.eins. 

These s).mptcjms are rasily identifiable in the field, and are 
easily rtsecl as qualitati1.e indices o i  nlonitoring the nutrient 
status o f  the soil 2nd plant. I-'rom these characteristic 
colours. it is often possihle to c!ia,ynose deficienc~- s)xnptoms 
of nitrogen a s  inc!icatcci in ;:eIlow coloration extending from 
the apex of the leaf t o  the basc in a " ~ ' ' s h a ~ e d  manner;'p;loi. 
phorus c1eficicnc~- is ol~scn-cd as purplc coloration; potas- 
sium as  chlorosis or !,ellowing along tile margin of the Icai; 
and  rna~nesium as  e el lot^ ant1 t~rown patches on leaf surface. 

The se~.crit). of thc symptoms I ha1.c just describeci 
rlepends on tlic rnobilitj. of the essential elements within the 
plant. Conseyuentlj., an element may either be imnmbile 
and mo\.c slo~vly, or mobile and n1ol.e rapid). within the 
plant. ?'he immobile elements (Ca, Fe, 3!n, Cu, B, and Clj 
acc~rmulatc in the lower parts of the p l a ~ t  such as the roots 
and older lca\,es, causing their deficiency sJmptoms to appear 
in the upper lea1.e~ when the elements are in sllurt supply in 



the soil. Cn the other hand, the rapidly moving elements 
(N, P, K, Mg, Zn, M o )  often accumulate in the younger and 
upper parts of the plant resulting in deficiency symptoms 
appearing in the lower parts of the plants. 

Also during ,growth, certain plants conceal nutritional 
"hunger signs" in them. The hunger signs are usually 
"hidden", thus posing a subclinical or incipient diagnostic 
problem tp  the soil scientist, a protlem which induces the 
plant to assume a critical transitional state between nutrient 
deficiency and adequacy; and between adequacy and toxi- 
city. As a result, a visual diagnosis through colour expression 
in the leaves becomes difficult. The only diagnostic option, 

therefore, is through chemical analysis of the plant in order 
to  detect the actual level of the element. 

In an analysis of soil and plant tissue samples from what 

1 I regard as "good" and "bad" farmland on the University of 

I 
Ife campus, striking differences in chemical composition were 
observed. Whereas the "good" soil registered pH 6.7, 

1 organic matter of 2.2% N03-N of 77 ppm, phosphorus of 
23 ppm, the "bad" soil had a pH of 5.8, organic matter of 
6.0%, NOS-N of 173 ppm and phosphorus 19 ppm. The 
plants in the "good" soil were healthy with green leaves, 
whereas those growin9 in the "bad" soil were stunted, 

i 
severely yellow or chlorotic showing signs of acute nutrient 
defi~iency symptoms. On a further chemical analysis of the 
maize plant tissue, we discovered that the healthy plants 
contained 3.4% nitrogen, 0.4% phosphorus, 3.3% potassium, 
4.8% catcium and 0.26% magnesium. In contrast, the 
unhealthy plants had 0.7% n i t ro~en ,  0.69% phosphorus 
(P-toxicity), 2.2% potassium, 2.0% calcium and 0.18% 

I 
magnesium. 

I The soil and plant diagnostic guides I have just described 
should undoubtedly be useful t o  the career farmer as well as 
the "emergency" farmer who has tahen more interest in 
farming as a result of recent government emphasis on  foocl 
production. 

Observation, Prcjections and Recommendations 

I have been tryin!: to portray the importance of providing 
adequate nutrition to the soil for plant growth. I have also 
tried to si~ggest means o f  reconditioning the soil for foocl 
production. The questions that may arise from my presen- 
tation so far are: 

i. Why have we not succeeded in feeding ourselves? 
ii. M'hat practical contributions have our soil experts 

made to solve the perennial problems of food 
shortage in Nigeria ? 

iii. Why can Nigeria not now produce enough food 
for export ? 

The answers to these q~~es t ions  cannot all be satisfactorily 
provided in this lecture. I-iowever. I will attempt to highlight 
areas in our ap-icultural planning that we had neglected, 
and then rcflrct on what we ouqht to do next, ancl finally 
adi,ance solutions for a sustained agricultural success through 
effective soil rnanaqement. 

I will however hasten to suggest here that a greater portion 
of the blame on the unimpressive progress in our a~gricultural 
endeavours re~~olves arountl tile apparent lack of coordination 
amon5 a,qicultural policy makers, such as, the governments 
of the federation. the soil scientists and the farmers. \\.e 
have in my \,iew, simply not made enough positive efforts 
to salvage the situation. \Ire al l  seem t o  be working at cross 
purposes, by makin3 individual approaches a t  problems 
of food production that can be best tackled collectively by 
a11 invol~~ecl in the science of food production. \\.hat I am 
stressing here is that i l ~ e  responsibility for the mana,yenlent 
o f  the soil should be given to  the soil scientist who is trained 
for the purpose. Anything short of this is a retrogressi\;e 
moLrc at food prod-.~ction. 

It is, in fact, not the size of the farming area that dictates 
the success of an agricultural production. Rather, it is the 
ability to  intensify agricultural inputs and the willingness 



to  carry out regular 'check-up' of the land for food produc- 
tion. To buttrrss this view, we should consider the agricul- 
tural successe'r of the United States of America (U.S.A.), 
C.S.S.R., Israel, and Fen).a, an African country whose land 
resources are n o t  near \sliat we have in Kigeria. These 

countries h a ~ . e  at one staqc or the other succeeded in feeding 
themse1f.e~. 

An cncortraeing sip]. however, seems to be appearing in 
Siqcria's aqicultural horizon. This sign is reflected in the 
rcccnt change in our outlook to farming . n d  soil conser- 
vation. \\+e are noiv frequently being reminded to "go back 
to the land". "Emergency farmers" are springing up daily. 
The memories of thc philosophy of the "Operation Feed 
the Sation" anti thc "Green Re~olution" appear to be 

rctlirnin: to us. Slogans like: "Become a farmer, good things 
of life will follow", are being llashecl on thr scrccns of the 
J3ro:ldrs.tin.r Cnrporz~tion or Oyo Statc 1.j'. (HCCS). .in(. 
,In the pages of some of' our  newspapers. Ire read of topics. 
such as "Risc in aqricr~ltural loan ratc is a burden". (Dai1.v 
Sketch, 10. 6 0 6 7 ,  6-8-83), ".\nd Soil Testins Lal~s". "Strntc- 
c:ric;. !',,I. .Igrisultt~rnl Ecvclopment" (both in Dail)' Times, 
So.  2 7 8 2 2 5  o!' 2F)-6-85). "Fertilizcrs comc to r i ~ c r i a n  

3 .  

aini~:ula~r:: ; ~ n d  "~clio nr , rds  ihe fcr~ilizer" (The Guardian, 
Val. 2, .TO. 744, 1-7-85), to mention a few. 1-rom tllcsc 

c 1 n t s  onr  fecls proud as a soil scientist that 

;,qicultu~-c I IV;IS once ; r  noble professiur but no\v 
ncalcctcr! :itid rclcgnted to t l ~ c  backpuund in the nation's 
ci:onomic scenc h ~ s  suddenly resurrcctcd. I hope this 
cituation has rioiv come to stay permancrtly. 

M.ith the ayricultural stagc Ileinq set for a takc-off, \vc 
must ensurc succcss throuqh adequate dnd carel'ul planni~~,;  
and execution of asricultural p r o g a m e s .  \t'e seem to be 
in a hurry! Our agricnlturd plans ;re structurcd in such a 
way that not cnouqli involvement is sought from those. i t 7 1 1 0  

have spellt years st;dyinS the science o i  improving agricul- 
tural production in the field. Consequently, our progrJmn1cs 
get aborted before maturation. 

1 

As we embark on a renewed approach to solving our food 
I, 

problems, we must be aware that haste is only successfu~ 
B when it is made slowly! The lecture by Professor hiabogunje, 
d 
'I which appeared in Doily Sketch No. 6036 of July 1, 1985; 

captioned "Way out of the Mess, Let's do first things first" 
in his 1985 National Merit Award Winners Lecture titled 
"Last things first - a re-appraisal of fundamentals of 
Nigeria's ~ e v e l o ~ m e n t  Crisis", delivered in Enugu is appro- 
priate here. Professor R4abogunje maintained that "the 
basis for most of the present crisis in Nigeria's development 

'i 
1 process is that governments have been doing the last things 

I 
first". This view is also relevant to the nation's agricultural 

I development efforts. 
I I strongly believe that there are enough indigenous and 

1' highly competent scientists in this country that can perform 
i I the task of revolutionalising our agriculture, rather than ! 

"forei,p experts". Turnin,: to the "foreign experts" should 
be the "last thing last"! For these "experts" are usually 

I 

i<qnorant of the local conditions of the soil and climate in the 
country. In any case, one wonders how "expert" are the 
"forei,yn expcrts" who on assumption of their consultancy 
jobs troop daily to the offices and laboratories of indigenous 
soil scientists, seeking information on the history and con- 
ditions of our soils which they pass on to their clients. 
I believe that the indigenous soil scientist whose knowledge 
has been so tapped should be encouraqed to  deal directly 
with his clients, with less the remuneration the "for~ign 
experts" enjoy. I am convinced that our indigenous soiI 
scicntists are committed and can do their assignments with 
dedication. They need to be recognised and trusted. 

Nigeria's Third National Development Plan, 19 75-80 
placecl the total a,gricultural land area in Nigeria as 93.3 
million' hectares, out of wh-ich about 71.2 million hectares 
are cultivable. This fi,qure represents a large mass of l a id  
which, if properly controlled, should provide all the food we 

I need with surplus for export. Hence, to develop our culti- 
vable l i d  space we must retrace andreflect on our glorious 
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Ti he mixed vegetation along our major roads should now 
be transformed into planfations of crops that are  identified 
as naturally adapted to  the soil types and climate subsisting 
in the area. For example, driving along our major express- 
ways and highways, one observes agricultural products such 
as oranges, maize and yams along Ore-Benin expressway; 
tomatoes, yams and maize along the Ife-Akure, Ife-Ibadan 
highways; yams, tomatoes, mangoes, cassava and mair- 
along the Benin-Asaba highway. Similar scenes can he 
observed along the Aba-Ikot Ekpene; Ikot Ekl ~ene-Calabar; 
Calabar-Ogoja; Ibadan-Ilorin-Kaduna highways, et cetera 

What we need t o  d o  now is to convert the wasting forests 
in these areas into plantations of one of the identified econo- 
mic crops, so that we can now see agriculture supported by 
agro-based industries as we drive round the country. Tne 
logistics of implementation of these ventures will, however, 
depend on a bold government policy on land tenure an2 

Furthermore, t o  boost food production, urgent steps 
should be taken t o  establish a well coordinated soil testjsq? 

and plant tissue analysis programme which will regularly 
monitor the soi! and offer advice on its managemen:. J ' ~  

soir' testing and pion + tissue nno(vsis nronrornmP .?:I? 

supported soil manasement and consewation in most 
agriculturally advanced countries. I t  is a rep ia r  p rac t i c~  

by government and commercial laboratories in the United 
States of Amcrica t o  carry out massive soil and plant tissue 
testing before and durins land cultivation. For instance 

between 1968 and 1983, over 37 million soil, and 3 million 
plant tissue samples were analysed on routine basis heforc 
cultivation in state and commercial laboratories established. 
all over the U.S.A. Kenya has a similar propammc. But in 
Nigeria, until recently, there was no nationally supportei 
soil testing and plant tissue analysis programme for farmers. 
The cnrrent effort by the federal government through fh-; 
Department of Agricult~lral Land Resources to  cstablis~ 

four soil testing lahoratories located in Ibadan, Jos, Kaduna, 
and Umudike, representing various ecological zones is 
therefore con~mendable. M'hen fully operational, it should 
be possible to offer advice to farmers on: 

i. type and rate of fertilizers to apply; 
ii. method of application; and . , . 

111. judicious and economic use of fertilizers. 
A programme such as this should also advise farmers against 
the use of fertilizers for a specific period if it is found that 
the soil has sufficient nutrient reserves to support the 
season's growth of crops. 

In addition to the zonal soil testing and plant analysis 
laboratories, it is necessary to encourage large scale successful 
farmers to establish miniature soil testing laboratories to 
monitor the nutrient status of their farmlands before crop- 

ping anti possibll. extend these sen-ices to rural farmers 
around thern. 

It goes Lvithout s a ~ i n g  that the availatility of soil testing 
laboratories ~ ~ ~ o u l d  go a Ion? way to improling farmers 
techniques in fertilizer use and application (Doily Times, 
Ko. 278, 225 of 29/6/85). 

.1 will now dc\,otc a few minutes LO the rationale for 

the use of fertilizers in a,giculture. Arguments have been 
adr.anced on the rationale for the use of chernk~l l?~  
manufacturcci and importrrl fertilizers to  this countr?,. 
Opponents o f  massi1.c importation of fcrtilizcrs often hold 
the \.iew that liceria can (lo \.irhout frrtilizerr since, as theJ- 
claim. the coilntr! (lid no r  (Ire fertilizers in the past \rllen t!le 
co i~n t r?  drpcnrierl rr.)lel) o n  aqriculturc to iced her popi~la- 
tion mrl that S i ~ c r i ; ~  shoold conserve foreign exchange. They 
also assumc that our soils are pennanentl) fertile! They, how 
ever: fail to carry out a comparative evaluation of the needs of 
the countrj7 then and now. The). also fail to appreciate that 
a,qiculture as  r t i c  n o a  is land intcnsive, wl~er rb?~  
more crops are yronrn in an area much lcss t l~an  \;,hat farlners 

in the past ctrlti\,ated. It has also been shown that the 





tion of efforts of the research stations and university faculties 
of agriculture in the country. In view of these, I am pro- 
posing an integration of all agro-based research stations with 
faculties of agriculture of universities. In this framework, 
the research stations should be regarded as the practical 
experimental stations attached to  the faculties. Thus, while 
the faculties of agriculture are engaged in their primary 
functions of manpower production in addition to the con- 
duct of basic scientific research, the experimental stations 

I should be engaged in practical research aimed at maximizing 
agricultural production. These stations should then join 
forces with the faculties of agriculture to evolve an effective 
aqricultural extension service for farmers in the agricultural 
zones in which the research stations and universities are 
located. This arranqement will likely reduce the apparent 
confusion created by the multiplicity of extension services 
provided separately by the ministries of agriculture, universi- 

I 

I 
ties and research stations to farmers. 

These proposals are not entirely new. Part of the 
proposals suggested here are currently being practiced at 
the Ahrnadu Bello University Faculty of Agriculture and the 
Institute of Aqicultural Research; and to some extent, at 
Ife, by the University of Ife Institute of Agricultural 
Research and Training and the Faculty of Agriculture. 

Furthermore, I believe that the University of Ife, through 
its Faculty of Aqiculture can contribute more positivelv 
t o  food production in the country through a review of the 
funding of aqricultural research projects. Subsequently, 
rather than allocate funds t o  individuals based on the 
strength of their proposals and justification, funding s'lould 
be made on programme basis and, to groups of scientists 
with the sole objective of solving a specific national agricul- 
tural problem. Departments in the Faculty of Agriculture, 
and related faculties in the university should be made to 
identify one or two programmes that can attract collabora- 
tors from all relevant departments and the fund should be 
made directly to  the proqamme or programmes with clear 

m;~nclate to achieve resolts. Broad prugramme c,bjcctiven ,,I, 
local and national interests should i ~ c  druarn up b). 

i University Rcsearch Committee, to urhich ,groups of rescar- 
t  hers should be invited to applj7 for funding. gl-c,llI, 

elfort, and with cvcry member o!' the group given a clc;lrly 
defined assipment wi th  instructions for timc-dey-.nclcnt- 
results, there shot~ltl bc no reason for failure in our eft.r,rts 
to fced oursel\.es. 

The coil is thc pivot on which agricultural and inclcecl 
I national de\clo~nlents revolvc. IIow then can one discuss 

I agriculture without the soil? The soil is one important 
endolvnmcnt that nature has bestowed on A'igeria. The duty 

I of the soil scientist is to protect, maintain and improve this 
precious sift ol nature in order to sustain our agricultural 

I neccls. 

On the importxncc of agricuiturc, Cencral O l u s e ~ l ~ n  
Olx~wri,io, the l.ol-mcr I-Iracl of  State in his lecture at thc 21 st 
.-Innual Conl'crencc 01' the X:.ricultural Societ). of Sizeria at  
Ihatian, 1985 con tcntlctl that "Xyiculturc must I,e p r i m ~ ~ s  

inter pares \t.ith ind~csrv!.", 11.arnirtg t h a t  "il. a q i c u l t ~ ~ r e  
rails, otlirr tliiny~ nrr u! l l ikc l~-  to succeed". '!'his \~.arning 
cannor bc tnorc . I ~ I ~ J ~ ~ - I ~ I I - ~ ; L ; C  d l  this stao,c of our a~ricultu1.;11 
clc\~lopmcnt. I s l i o ~ ~ l t l  also liartcn t o  add that i f  \rc rail to 
snve oiir soils fron? destruction, through failurc to protcct 
anc! man;lr;c i r -  n~irri t ionall~~,  11.c lvill 211 I'ail to acllic~c s r l f  

rcliancc in O L ~ I -  ;ryric~~ltu~-al pursuit. 
\,\.c shoultl stri1.e to I T I ~  on the soil and make it nutl-i:ious 

t o  plants. ! I)elie\,c tha t  \?.it11 well fed plants. ;dl other 
o~-g;mi~ms inclutling man that live oh tlic surface uf the 
soi l  ~ v i l l  rnuliil)l\. a n d  li\.c happil?. in prrpctual \~c;rlth. 
(Scc I:ig. 8). 








