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P R E F A C E  

This review'was prepared i i  response to an invitation by the Statutory 
Working Committee on Science Education Research of the National 
Science Council of Sxi Lanka. It provides basic information on an 
important aspect of plant life. The Mineral Nutrition of Plants cover 
what may be called the inorganic phase of the.nutrition of plants. Its 
coverage is very wide and hence onIy the most important ,principles 
have been treated in this treatise, illustrating wherever possible with 
examples drawn from the Sri Lankan scene. 

The illustrative examples are chosen largely from tile work on' the 
coconut palm with wbich the author has been associated for over 20 
years. Apart ,from reflecting the intimate knowledge of the subject 
in;relation to';this crop, it does not intend to belittle the enormous 
contributions made by many scieatists working on other crops. 

The presentation of subject matter is in a sequential order com- 
meqcing with the sources of raw mafe.rials. Although this review is 
meant to provide suppIernezmry reading..material for G.C.E. Advanqed 
b v e l  students, it could also be useful for teachers and undergraduates. 

M. A. T. de Silva 
April 1980 

National Science Council of Sri' Lanka 
4715, Maitland Place ' 

Colombo 7. 



FOREWORD 

The dissemination of scientific information is one of the main 
functions of the National Science Council, The National Science 
Council Journal provides a medium for the publication of scientific 
research papers, while "Vidurava," the quarterly science bulletin of the 
National Science Council, contains scientific articles of a general nature 
which are of interest to the public. - 

There is still a wide gap in the availability'of reading material on 
scientific subjects of local interest, One result of this is that science 
students confine their reading only to their school dotes and to the few 
available text books whfcH are mostly publislied abroad. In an-attempt 
to improvebthis situation, tke Sdence Education 'Research Committee 
(SERC) of the National Science Comcil decided'to publish a series of 
booklets on scientific topics of local interest and supplementary reading 
material for students and for general publfc. The authors who have 
been selected 'by the Committee to prepare these booklets are experts 
in there respective fields. The manuscripts that were submitted by 'the 
authors were examined by referees before being accepted for publication. 
The views expressed in these publications are those of the authot-s and 
not necessarily those of the National Science Council. 

In conclusion I must thank the Science Education Research 
Committee of the National Science Council, and in particular ib'Hon9. 
Director, Prof. K. Jayasena, for the work they have put in to make 
this project a success. 

R. B. Jayewardene 
Secredary-General 

NATIONAL SCIENCE COUNCIL OF SRI LANKA 

14 November, 1980. 



LIST OF TABLES 

TABLE I Average chemical composition of the earths cru3 6 

TABLE I1 Cation exchange capacities of some 
soil groups of Sri Lanka . . . , 15  

TABLE 111 pH values of some soils of Sri Lanka . . 15 

TABLE IV Mean leaf nutrient contents offronds (6th frond) 
taken from magnesium deficient . . 
coconut palms 24 

TABLE V Results of a fertilizer experiment on coconut 
palms showing the effect of an interaction 

- between nitrogen and potassium on yields of copra 24 

TABLE VI Specific activity of phosphate in coconut 
leaflets in counts per minute per mg P,O, 28 

iii 



LET OF FIGURES 

Figure 2.0 Diagram showing broadly the distribution , 

ofmaterials in the earths crust . . - .  8 

Figure 2.1 Diagramatic representation of the availability 
of nutrients with change of pH . . . . 13 

Figure 3.0 Diagramatic representation of the pools of 
. nutrients available to plants . . . . 17 

,' ' 

Figure 1.0 Histograms showing the distribution of copper in the 
laminae, midribs and rachis of coconut seedlings 

+ subjected to meor nutrient deficiencies 29 
( , s  . /  3 4 

Figure 4 : 1 Histograms showing the disttibutian of magnesium 
in plant components of coconut seedlings subjected 
to nutrient solutions of different pH values . . 30 

' ,  , . . I 

Figure 5.0 Diagram showing the effect of phosphorus on 
the age of initial flowering in coconut palms . . 3 5 

Figure 6.0 The plot of leaf magnesium content versus 
"exchangeable" magnesium of soil . . . . 47 

Figure 6.1 The relationship between leaf magnesium and the 
molar magnesium content of soils extracted with 
0.01 molar calcium chloride solutions . . 48 

Figure 6.2 Curve described by Macy to show the relationship 
between yield and the nutrient content of leaf . . 50 

Figure 6.3 The S-shaped curve to show the relationship ' 

between yield and nutrient content of leaf . . 5 1 

Figure 6.4 The C-shaped curve to show the relationship 
between yield .and sulphur content of leaf 
in coconut palms. . . . . . . 52 



Preface 
' 1  . . I  .. I . . . . i 

 orew ward 11 . . 
List of Tables . . . . 11 I 

... . . 
List of Figures .. . . . . . iv 

CHAPTER 1 INTRODUCTION . . . . . 1 
1.1 Historical . . . . . . 1 
1.2 Criteria of essentiality of 

mineral elements . . . . 2 
1.3 General classification and nomenclature 3 
1.4 Fundamental features of plant nutrition 4 

CHAPTER 
1' 

CHAPTER 

2 CHEMICAL COMPOSITION OF SOILS 
2.1 Chemical coallpasition of the earths crust 
2.2 Soil formation and soil minerals . . 
2.3 Availability of mineral nutrients . . 

2.3.1 Soil colloid . . . . 
2.3.2 Cation and anion exchange phenomena 
2.3.3 'soil pfi . . . . . . 
2.3.4 Fixation :'. . . . . 
2.3.5 Comp!ementary ion effect . . 

1 .( , 2 

3 SOIL-PLANT RELATIONSHIP . . 
3.1 The root environment . . .. 
3.2 Movement of cations to root surfaces . . 
3.3 Cation exchange chpacity of roots . . 
3.4 Mechanism of ion absorption by roots. . 

r 

CHAPTER 4' 'TRANSLOCATI~N AND DISTRIBUTION OF 
NUTRIENTS IN PLANTS . . . . 2 1 
4.1 Ionic interactions . , . . 2 1 

4.1.1 Interaction of potassium with magnesium 22 
4. I .2 Interaction of nitrogen with phosphorus 23 
4.1.3 Interaction of nitrogen with potassium 23 
4. I .4 JnterreIationships of iron and 

manganese 23 

4.2 Translocation of nutrients . . 25 
4.3 Mobility of nutrients . . . . 26 
4.4 Distribution and accumulation of nutrients 27 



CHAPTER 5 FUNCTIONS OF MINERAL NUTRIENTS 
5.1 Geneial considerations . . . . 
5.2 Catalytic functions of nutrient elements cs. 

5.3 Functions of macronutrients . . I 
5.3.1 Nitrogen . . . . 
5.3.2 Phosphorus . . . . 
5.3.3 Potassium . . . . 
5.3.4 Sulphur . . . .  . . . . 
5.3.5 Calcium . . . . . . 
5.3.6 Magnesium . . . . 

5.4 ~unctihns of micronutrie'tits . . . . 
5.4.1 Iron . .  . . . . 
5.4.2 Manganese . . . . 
5.4.3 Zinc . . . . . . 
5.4.4 Copper . . . . 
5.4.5 Boron . . . . . . 
5.4.6 Molybdenum . . . . . 

CHAPTER 6 NUTRIENT REQUIREMENTS OF PLANTS 42 
6.1 Methods for ;he study of nutrient 

requiremen4s . . . . . . 42 
6.2 Fertilizer experimentation . . . . 42 
6.3 Bio-assay technique . . . . 44 
6.4 Sand and water culture experiments . . 44 
6.5 Soil analysis . . . . . . 45 
6.6 Plant analysis . . . . . . 47 

6.6.1 Tissue tests . . . . 47 
6.6.2 Foliar analysis . . . . 48 

- 6.7 Diagnosis and correction of nutrient 
deficiencies . . .  . . . . 53 



21 - : Chapter 1 
I I 

INTRODUCTION 

1 . 1  Historical 

The inquiry into processes and factors which control plant life 
can be traced back to ancient times. These were indeed the simple 
&trials on agricultural practices such as ploughing and tilling which 

' bl'ditght about measurable increases of crop yields. 
. I 

' ' Van 'Helmot who lived from 1577 to 1644 A.D. is considered 
. 

to be the first to conduct scientific experimefits on plant life to 
investigate the factors. which affect growth. He grew a willow 
shoot in soil moistened with rain water and determined its increase 
in weight after five years of growth. Although his main conclu- 
sions on the observations he made from these experiments 
were incorrect, his work provided the stimulus for further investi- 

. ,,$&ions. During the years that followed several other chemists 
. . . . , ~ d , , b  otanists continued their investigations, without still altering 

3 - 
.,&e,&ald idea that earth, fire, air, water and nitrate should be 

' 4  % 

I .  
the, basic ingredients of plant growth. 

  he rapid developments in the field of,chemistry iq the nin~teenth 
century ope~ed  a new chapter iq the study of soils and plants. 
By the beginning of the century Theodore de Saussures had shown 

2 ,  
that carbon and elements of water combine together in the plant, 
and that nit~ogeswhich was so essential for growth was obtained 
from the soil, He also noted that the composition of plant ash 
diffpred with the age of the plant and the type, of soil in which 
it grew. Years later based on extensive observations, Liebig 
contributed a theory of mineral nutrition, in which he stated 
that crop production in a hid increased or decreased in exact 
proportion to the increase or decrease in #he supply of mineral 
matter from manure. He also propounded what is known as 
the Law' af the Minimum, .in which he stated that the deficiency 
or absence of one essential constituent, while all dthers being 
present, makes that soil infertile for all those crops for which that 

I r . one conslituent is indispensable., 



By the end of the ce:ltury the c l~ss icd  eexpe:iments of Lawes and 
Gilbert in Rothaii~sted, Englald.*md that of Boussingault of 
France had clearly established the furrdameiltals of plant nutrition. 
By this time the & r ~ n g ~ - i n f l m  .of nitrogen (N), phospllorus 
(P) and potassium (K) o a  glznt growth was well recognized. 

: * ' 
Further progrex on plant nutrition awaited the devclopinent 

, of?new tech11iqy.e~ of growing plants undec ,ppatrolied conditions 
t !  

in sand and. water cultures. With ,&seS de~eloprnents,~d~~ri;~g the 
f irst, quarter' 9f: t%e ,tvrentieth ,c.entuw, the>essentiality ,of the 10 
major e ~ k m ~ ~ t s ,  C , A , ~ , N , P , K , C ~ ~ M ~ ~ S ~ ~ ~ R ~ ~ ~ F =  beeapxdirrnly 
established. ~ u r i i ~  t h i ~ - ~ e r i o d  the giant strides made in the fields 
of organic and ,physicaL@he+iistry, sLimulated intensive.: studies 

a r r ' J  

*, , Lvjl~i6h, fiml'ly rpnu1te.l in the pnderstaiding pf .the rqbre important 
.t 

physic?-cllemical .and'  bio-chemicai process wl i~ i&,  take, part in 
& d i  ,; ' 2. 

nutr;ieni rr,~tabolism. ' ,. . $  ; '  
3 , \ ,  I 

-i .'i" s ~ G i e i i n  v 'of isneniia;ity of mineral element; , 

- . The irit&ductibh of nutrient culture procedurys for thd study of 
'ihintral nutrition provided a coiiveniext method to detefmfne the 
k ~ b 3 t  tbd!~ich an clemerit.*ii erss'ltial to ddrdilf flank gr0wt.1. 

1. i ~69e~the!&s,  even wltRr~ut such pfecr'be mcthbds, t;'ii$arIy chemist; 
were able to  deteiwine- b e  .~ndispe~sable"ri'arure"b~ the thn major 
e!e=ents, chiefly becausy of the Iarger requirements of thesc for 

:',-p!'ant~%grdwth'. %w&er,'ihe ttlrn of iSe p r e sc~ t  cdkhry Caw the 
. . ' ' tapid incr&e in n lfct of eTe&tsb whfch were"%k's'%:~tid fo'r'riormal 

- )f'*growth o ~ ~ ~ l ~ t i b ,  bbi rreqnired in, nmonnty leii than '1.0 $art per 
I rnil1ioA in -s6Iutibn cultures. These 'were rdferred 'to ,'as trace 

4. e1eGneats. , Tlie esse;fiafity of tkese had' -to be'&s't'abfi65ed'by very 
""preci* mkfhods and &is led Afno.i,:'in 1950 to' outiink ihe  criteria 

for .reeogfiiYfhg dsseYtiz1ity: These requiremet%$' bYi&Tiy' 'are as 
, .-. follows i "+ " j r >  L 

I i * > >' <; .. I, . , . 

- (a) 1 The 5hrencd of  tfiai'element should p;eve& normil growth 
? ahd~ '~e~rbduc t io f i  cir a ,'pl&fit. - a  

.. J, ) 
"' : 

i - 
(%I The .fu1l~ti~il, ol.that. elenie3t canidt' be performed by any 

. , .  . , other elamell$. . . . ? A  i p s  _ -  _ . . )  

e 4 -- + . ' +  , p r f  < -  .' , 

'I; 1. Amon, Criteria of essentiality,rof inorganic nutrients-Fa? phnts W7ph special 
r-ference to ~nolybdenum Lotsya 7, 31 - 38 (1950) 



g ((G) Zhe effect of that element must bec direct, and not 'be the 
resuIt, of effects of other elements. - 

, ?: ,* . .  . . . 
3< . r  " : ,* , 

'-Althauge itl'a -geri'efal' sense the& criteria were adeqk&&' a few 
J .  ' i2 special-c& 'mqoired &fwth& explanation bkfsie- tht: Gniversal 
,.-..'?-ilat~re of &senitia1?Zy cbbld' be bstablished. Thm, it 'w&$ soon 

. , id . '  .~~maILea' thirt- soine dements could beL a t  least partial~feplaced 
r *  2 '.by others' of similar valency. For instazh even a xhajor element 

. ,buch as potassium, has been partly replaced by $odium id 'certai-a 
, : planis. The~e are also certain elements such as silicon, aluminium, 

I . ) I  vanadium+, cMoride 'and, ctrbaIt which are ' beneficial fdr  'certain 
species of plants only. Molybdenum which'is' generally conhidered 
universally essential for plant growth can be replaced almost 
completely with vanadium in c&rtaid'~~&l&s of Am;otoBacter, wMie 
in the algae Scenedesmus, molybdenum can be totally 
;cioncbaWay with if nitrogen is sopplied 5s iire'a idhead of as'nitrate. 

. ,-.*- Such exceptional circumstances had aJso'ta4be giver coGid&ration, 
before essbhtialitj+ of An element cbaM bd firfnly estatilished. 

I =  , ; ' ,  , 

4 . 3  E'enera? elissificiatfd6 and nomenclature, 

*-  - -  As pointedc out earlier the es'sentiality of C,H,O,N,P,k,Ca,Mg,S 
' 

and Fe' wdre cle'arIy re'cognised by the beginning of the present 
' "den~ry.  " 'However, with the discovery that elements such as 

&&tlganese, 'copfier, zind; boi-on and'molybdenum were also equally 
! hiimportnt and essential for nomial growtn, but' required in smaller 

A "Qda~itities; a' broad' c~assibdat'iooa of essedtiil elements was 
' ' introduced. In thisl'classification~' 'C,B,O,I~,P,K,C~,M~,S and 

r .  
Fe were generally referred to 8s 'major' elements while Mn,Cu, 
Zi,B aha Mo were called 'rare' 'track' or 'mirior' elements, 

.'-. -implyizg that the former group Gas more 'ilnp~rtant' than the 
latter group. 

, . . )<! I.,, I 
< ,  

Arnon* however, explained that &In, Cu, Zp, B arid MQ were 
' inctisp~l;$al?le to ,plant ,growth and were required in. heasurabie 
., quantities. , Therefore, they were, neither "trace" elements nor 

7 .  elements -of minor importance. Further 8hese elements were 
also not "rare" dements in a .  chemigxl sense. 

,< ' , r '  , c t t  
- 



On, these arguments, he said .that the first group of elements should . .* 
best be referred to as Micranu$rients while the latter could be 
called Micronutrients. Micronutrients were defined as those 

- nutrients which were required in,,am,ounts Jess tbtthan 1 .0 part . . 
.per .pillbop,,in c d t u r ~  media. Upder this classification iron had 
$0 be considered as,a.&ro ebqent  -becau~e it has been shown 
tha.t,,r providsd supplies are replenished +t, reas~na'ble intervals, 

1 , ..Ti 
. , . ,,plants ,will graw,normal.ly ,with about ,l .O part per,miUion of iron 
; .in,, sand ,and water, culturz media. The und~sp ted  distinction . I 

I .  between these ,two groups of a.qsentia1 eleiwnts in ,quantitative 
A > 

,terms, is indeed the main reason for the universal acceptance of 
. this qbssificationr 

. . 
1.4 Fundamental features of pkant nutrition 

The essential feature in the nutrition of plants is the ability of living 
plant organismyto ,take up from soil, water and air, the necessary 
primarq: ingedjents and-pansform these into complex co.mpounds. 
The chain of events which take place during this process involves 
complex physico-chemical reactions, some of which are only, partly 
understood. The fact tKat no less than fifteen elements (viz. 
GH,O,N,P,K,Ca,Mg,S,Fe,Mn,Cu,Zn,B and Mo) .participate in 
theie pfoce~ses indicates the magnitude and complexity .of the 

' meclianisms involved. Among the essential, elements, carbon, 
hydrogen and oxygen are obtained almost entirely from water 

' and air, and are hence not regarded a s  mineral nuirients. .. Mineral 
'nutrition of plants would therefwe involve only those chemical 

a e~emeh$ whikli aye normally taken up by, plants from the soil. 
i 

I. / 

The sehuence of yen i s  which -take, d;riGg the mineral 
' nutrition of plants %an, be,conveniently divided into f o p  stages, 

tach of wxich is goierried by a given set of principles. ' 

In the first stage, by a series of physical and chemical process the 
'. essential chemical' elemehts pfesent' in t K c  soil dfe trankfdkhed and 

made available to plants: The sdil in which mdst plants grow is 
an. enormous store of che'tnieal efements, some of which exists 

. in a relatively.free state and others in a com&tled state. Elements 
which are the most abundant are not the Zlements whiclf at-e most 

_needed f ~ r  plant growthc -Hence ihe plant has to use a special 
,mechanism to screen and takerup only those elements it requires 



most', TBed8eib2i tf@>s' &f&%re"thi process by which essential 
nutrients are selectively absorbed or taken up by the roots of plants. 

- .  
, ,In the- next step +the ,nutrients taken, up may be metaboli~ed by 

the tissue <of the .roots,[ or,. these,> may be transfocated to the 
-- shoot. , . , , ,I\ 8 

, - ?,. , - 
, In the: Qnal stage' depkndhg or; 'the fwctioqs,. .the nutrients are 

either converted into complex chemical compounds, or they 
catalyse biochen~ical reaitions, or are involved in the maintenance 
of ionic hlance in .sells and tissues. . _,_ I 

+. -..... - 
In the following sections it is proposed to review briefly the four 
stages referred to above, which c~nstitutes the story of the mineral 

.. . 
nutrition of plants. ' , 

. .--,+- - - . . . - . . - ." .- - . ,.. 
, . 

- I  . . . . . -  . "  ', , . . , ' .,'> . > .  . . . .  . .. . . ?. I. I . . . . -. . . . .  ,,-.i ,.!.;cJ* 
.. , .: * . .  : 3 

, , .J. ,  . . . i . ' . '  3 . , : . :  .-.;..>5 :,: , , , ;  . .- ,,;,-> (7\::J I) 7CL 
I . .  . .  , ),;ti !,;,:3;:-:, >! .ST c! 



Chapter 2 

CHEMICAL COMPOSITION OF SOILS. 
' 2 '  

2.1 Chemical cimgosition of the earths c k s t  

a Same 14*ehemical elements hake up 99.5 &r cent of 'the earths 
crust. QT'thE's'e, oxygeh and' silicdn n~ake up' &out 74' per ccnt 
in the average composition. If considered by volume, oxygen 
makes up 90 per cent of the ezrths crust, and most of it is combined 
with siliconand aluminium in minerals as shown in'the table below. 

i t 

~rnii? 7 , 

I 

. .- 
Average chemical cornpasidan; of f  @Be' earths m s t *  

--- 

*Data from F. W. Clarke and H. S, Washington. U.S. Geol. Survey Prc;f. Paper 
127 (1924): Quoted by M. L. Jackson in "Chemistry of the Sod" (ec!. F. E. Bear) 
p 74. Re~nhold Publlshlng Corp. (1964) 



2 . 2  Soil formation and soil minerals 

The inorganic constituents of soils are mainly present in a limited 
number of inorganic compounds of definite crystal structures. 
These are general!y,referred W'E?-mil-minerais. Soil minerals 
are formed f r d t h e  parent lock rnaferial:'thro,ugh a piCCcSS 

R- called w&thering which is in fact a con~binatio>b& physical, 
cheemi6al and lnechanica1 process. The composition *$f a soil 
mineral can vary great&,: b@cause..the 'dfiFtrent elements of dons 
present in a given crystal structure can be substituted by isomorphdus 
elements.. Many of the so caIled micronutrients are present ih 
soil nzinerals by isomorphous substitution. 

3 

As the process of"beathering proceeds the rate of release of inorganic 
elements (in ionic &a-ie) begin to slow down and firlally in soils ': 

,-"wiili hfghly weatherechninerais the release of exchangeable ions 
becomes too slow and ins'ufficient to support intensive agriculture. 
It  is at this st'ak .that fertiliiers are required to increase the yields 

- -  -crf agricn~&-crop x---- - .. ---- " -- '"-- --- -'."--- -7 ." - - 
\ 

2 . 3  Availability bf mineral nutrients ' , 

The supply of this e n of ions is main- 
tained by the gradual weathering of rock minerals; but the rate at 
which this occurs, and the chemical 'activity' or  the ions which 

" ' - I  go'into solution aepeiids on'the ditkre 'b?'i4lifierals$r&ed: Ncnce 
it can be said that the mineral composition of the soil can have 
a very important bearing on the fertility of a soil. 



I I I, , , 
Figure-2.0 Diagram shoaing broadly the distribution of materials in the Earths Crust 



However, the 'activity' or the concentration of a cation in solution 
does not provide any information on the supplying power of these 
nutrients. Since at the same 'activity' of a given cation, the clay- 
mineral assaciation of a soil can supply the plant much more of 
that cation than from a true solution. This is chiefly because 
apart from the nature and concentfation of ions present in the 
medium, their availability to plants is governed by sevetal other 
factors, of which the following may be considered the more 

(a) Nature of the soil colloid 
(b) Cation and Anion exchange phenomena 
(c) §oif pH 
(cl) Fixation 
(e) Effect of comp!ernentary ions 

2.3.1 Sdl colloid 

The important chemical properties of soils are due to a 
fraction called the soil colloid which is made up of inorganic 
and organic matter. The iriorganic fraction is contributed 
by the clay particles, i.e. those inorganic particles with a 
diameterC2,u. On the other hand the organic fraction is 
contributed by dead plant matter together with the 
excretions and remains of soil micro-organisms. 

The clay particles or clay minerals as they are better known 
possess the property of adso rp t ionhnd  exchange of 
cations, and it is this unique property which largely 
determines the capacity of a soil to store the essential 
plant nutrients. These properties of the soil of course 
depends on the type of mineral, size of the particles and 
the binding forces which exist in the colloid. 

The chemical, physical and biological properties of soils 
are also affected. by the organic matter content. Its 
importance lies in its ability to increase the exchange 
capacity of cations and anions in soils. The organic 
fraction in the soil also assists in increasing the solubility 

*Adsorption is a physico-chemical process in which one or more ions accumulates 
on a solid, caused by exchange of ions or other reactions. 

9 



or' ph~spho:ils in soils and making it avaiiable to plants 
which would otherwise be converted to non-available 
f ~ r m s .  

2 ;  3.2 Cation and anion exchange phencnz3ersa 

The cations and anions presenr in the soil reversibly 
exchange places between the solid particles and the Iiquid 
phase, and also among solid particles. This property 
of ion exchange is almost entirely duo to tlie unique physical 
and chemical pro2erties of the soil colloid. 

The soil colloid norinally has a preclomuliant negative 
charge, but in many of its chemical properties it behaves 
as an amphoteric medium, because it a t t r ~ ~ t s  and binds 
both negatively charged a11d positively charged ions. The 
common cations which take part in ion exchange are 
Ca++, PA&+ 4-, EI-I , Na,+ and KH,+ while the common 
anions which take part in this process are SO,--, C1-, 
NO,-, K,PO,-, H PO,--, HCO,-. 

An important measure of the chemical activity of the 
soil is the Cation Exchasge Capacity (CEC), which is 
defined as the amount of a cation (in milligram equivalent) 
bound to 100 grams of a given, soil at pH 7. The CEC 

' of some typical soils of Sri Lafilta are given in Table XI. 



The exchange property of cations varies with the size, 
charge and hydration of the cations. Often these are 
adsorbed on the broken chemical bonds of silica-alumina 
units of mineral particles, or may replace hydrogen of' 
available hydroxyl (OH) gcorips. The ability of cations 
to replace another in the soil colloidal particles depends 
on the type of cation, its concer~tration, the nature of the 
anion associated with the cation, and nature of the colloidal 
particle. It has been shown that ions with higher valency 
have a greaLer replacing powcr, and are also more firmly 
adsorbed. It has also been shown that among ions with 
similar valency, thc replacing power is greater i : ~  the larger 
ions. Ifowever, hydration of an ion decreases this power 
of replacement . 

Except for info'ormation on the phosphate radical, less is 
1c:lown on the exchange and adsorption properties of 
anions. Adsorption of anions on clay minerals probably 
lake place partly through the replacement of OH groups, 
and partly through other a-zion-exchange sites. A change 
of pH has a profound effect on the exchange of anions. 
The capacity of anions for exchange and adsorption also 
seem to be affected by the presence of compounds of 
aluminium and iron. 

2.3.3 Sail pH 

The acidity of a soil is due to the presence of hydrogen 
ions. The pH of soils vary from about 4.0 in the highly 
acidic soils to over 9 in the soils, formed from coral or 
other calcarious materials. The pH of some of the typical 
soils of Sri Eanlta are given in Table 111. As would be 
expected the pH of the soil has a profound influence 
on the availability of plant nutrients. In general the 
avaiIability of iron, manganese, copper, zinc and boron 
increase with decrease of pH up to about 4.5. Macro- 
nutrients on the other hand are more available in the pH 
range 6 to 8. The chart prepared by Emil Troug to show 
the change in the availability of plant nutrients with change 
of pH is given in Figure 2.1. 



Cations and anions in the soil colloid, reversi~bly exchange 
positions during weathering of soil minerals. I-Towever 
under certain conditions ions present in the soil solution 
can enter irreversi'lly the crystalline structure of minerals 
and become unavailable for plants. This process by which 
plant nutrients are changed to less soluble and less available 
forms is called "fixation". Phosphorus is one of the 
important plant nutrients which undergo such fixation. 
It  is believed that fixation of phosphorus takes place in 
two stages. In the first stage the phosphate radical is 
adsorbed on the colloidal particles, and later undergoes 
isomorphous substitution with radicles in the crystal 
structure. In this condition phosphate is not available 
to plants. 

The rate and magnitude of fixation of an element depends 
on several factors, of which one is the type and chemical 
character of the soil. In a study carried out in Sri Lanka* 
on two red-yellow soils, it was found that the 2hosphorus 
fixation capacity of one soil (red-yellow podsol) was more 
than thrice that of the other soil (red-yellow latosol). 

Among cations potassium, magnedum and ammonium 
are known to be fixed more readily than calcium and sodium. 

- 
*C. S. Weeraratne and V. Premakumar. Some Studies on phosphorus fixation in 
soils. Proc. Ceylon Assoc. Advan. Sci. Part I, 59 (1973) 



%i,:uue 2.1 Diagramatic representation of tile availability oinutrients with change of pH (After Truog'') 

*E. Truog. Lime in relation to availability of plant nutrients. 

Snit Sn'. 65. 1 - 7 (1948). 



2 . 3 . 5  Complementary ion effect 

During absorption of nutrients by plant roots, the soil 
solution gets replenished by exchangeable ions from the 
soil colloid. However, the ease with which this occurs 
depends on the natllre of other ions present in the colloid. 
In other words, the release of ions to the soil solution from 
the exchange sites of colloidal particles is controlled to 
some extent by the other ions present in these colloidal 
particles. This is called the "complementary ion-effect" 
According to the complementary ion-princip!~, the pro- 
portion of a given cation released from exchange sites of a 
colloid, increases with the strength of the chemical bond 
holding a complsmentary ion on this colloid. This shows 
that, higher the strength of the chemical bond of tlne 
complementary ion, the greater the release of the required 
cation. 

The ease with which cations may be re!eased from exchange 
sites of natural soils can be placed in the following order: 
Na > I< > Mg > Ca. From this it can be inferred 
that a soil containing higher exchangeable calcium will 
favour the release of a greater proportion of potassium 
than magnesium. This may be one of t4e reason for the 
frequently noted deficiency of magnesium seen when 
avaiIable potassium is high. 



TABLE II 

Cation exchaege capacities of some soil groups of Sri Lank%* 

Soil gro.up 

1 Reddish Brown Ezrth 

2 Solodized Soloetz 
3 Salonchaks 
4 Non-Calcic Brov~r, Soils 

Immatme Brown loam 
Red Latosols '1 
Ydlow Latosols J 
Calcic Red Latosols 
Grumusols 
Soils or recent marine 
marine calcareous 
sediments 
Alluvil Soils 
Regosols 

13 Red-Yellow Podzolic Soils 

14 Reddish-Brown 
Latosolic Soils 

General distribution 
(districtwise) 

Anuradhapura, Puttalam, 
P+<onerzgala, Vxainiya, 
Trincomaiee, E-Iambantota 
Mannar, JaK~~iila, Trincomalee, 
Puttalam 
Amparai, Satticaloa, 
Polonnaruwa, Trincomsl.lee 
Kandy, Kegalle, Kurunegala 
Jaffna, Mannar, Puttalam 
Vavuniya 
Jaffna 
Mannar, Jaffna 
JaKna 

CEC 
rn e /100p 

soil 

All districts 5 - 50 
Bafticaloa, Amparai,Putfalarn, Wannarj <2 

Trincomalee, Jaffna .- 

ICandy, Nuwara Eliya, Badulla, Icegalle, 8 - 15 
Matale, Ratnapura, Moneragala, 
Colombo, Kalutara, Galle, Kurunegala, 

. Matma 

TABLE m 
pH values of some s~ills of Sri Lanka 

1 Lunuwila 
2 Rudaweva 
3 Galeweia 

*After K. A. de Ahis and C .  R. Panabokke Handbook of the soils of Sri Lanka 
(Ceylon) J.  Soil Science Sociaty of Ceylon, 2 (1973) 
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Chapter 3 
-< . 

SOELPLANT REkATIONSM[IP 

3 . 1  The root environment 

One of the most elusive problems in the study of mineral nutrition 
of plants is the mechanism by which plants take up nutrients. 
The phenomenon of nutrient uptake is intimately associated 
with the chemical environment of the plant root in the soil. The 
plant root as it grows, penetrate the soil medigm and hence comes 
in clcse contact with both the solid soil particles and the liquid 

, soil solution. On theoretical zssumptions, a convincing explanation 
of ion absorption by plants would be the straightforward diffusion 
of ions from the solution to the root through its r>lasma membrane. 
However, experinents have shown that a knowledge of the con- 
centration of cations in the soil solution does not provide any 
information about the supplying power of these ions to plants. 

It is now recognised that roots take up nutrients from three possible 
sources, i.e. (a) the soil solution, (b) the exchangeable ions and 
(c) the easily decomposable minerals. The importance of each 
of these sources as a supplier of plant nutrients varies with the 
different nutrients. For example for nitrogen, the amount of 
nitrate present in the soil solution and its rate of replenishment 
is more important than the total nitrate present in the soil. While 
for potassium the requirement has to be met both from the soil 
solution and the exchangeable K. In the case of phosphate which 
is present in the soil solution in minute quantities (a,bout 1.0 part 
per million), rapid renewal from other sources becomes necessary 
to maintain growth of plants. 

Movement to cations to root surfaces 

. In 1962, Viets* introduced the idea of chemical pools in soils. 
In general, he said that nutrients exist in 5 different forms in the 
soil. These he illustrated by concentric circles as shown in Figure 
3.0. 

*F. G. Viets. Chemistry and availability of micronutrients in Soils. J. Agric. Food 
Cliem. 10, 174 - 178 (1962) 
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*Loigdrt 3.0 Disgramatic i.epresentation of the pools of nutrients available to plants. (After Wets)* 

- 

*F. G. Viets. Chemistry and availability of micronutrients in soils. J. Agric. Food Chem. 10. 
174 - 178 (1962). 



Pool C .  probably represent a part of the readily decomposable 
minerals. According to this author, the pools A, B and C are 
in reversible equilibrim and are hence the most vital for plant 
absorption. When the plant root takes up bases and anions from 
the soil solution, the equilibrim shifts and exchangeable ions are 
released into the solution. This in turn is replenished from the 
pool C ,  and to a lesser extent from pool D. 

Within the soil medium, nutrients Are believed to reach the root 
surface through the operation of three processes, i.e. (a) roo1 
interception, (b) mass flow and (c) diffusion. Root interception 
is the growth of roots towa-rds nutrients. Mass-flow is the process 
by which nutrients are brought to upper layers by the mass move- 
ment of soil water, while diffusion is the slow process by which 
cations are brought near the root surface by exchange,phenomena 
on soil particles. 

3 . 3  Cation exchange capacity of roots 
1 

The discovery of the existance of a cation exchange property in 
roots of plants have provided a clue to the mode by which nutrients 
get adsorbed on the root surface and finally get absorbed. The 
cation exchange capacity of roots has been attributed to the pre- 
sence of an acidic colloid on the root surface, which is generally 
referred to as the "root-colloid". Thus in this process cations 
are believed to be exchanged between the soil colloid and the so- 
called root colloid, resulting in an accumulation of cations on the 
root surface. The cation exchange capacity of roots is generally 
high in dicotyledons than in monocotyledons, and has been shown 
to increase with increase in available nitrogen. 

Plants with higher cation exchange capacities in roots show a 
greater afFiniting for divalent than for monovalent cations. This is 
one of the main reasons for a greater uptake of calcium and 
magnesium by dicotyledonous plants. In such plants therefore 
monovalent cations such as potassium would require a higher 
concentration(or activity) in the soil to enable their entry into the 

. s 
, root. The reciprocal effects are seen in monocotyledo~ous plants, 
where the lower cation exchange capacities in roots results in a 
higher attraction for monovalent cations. 



It  is well recognised that nutrient absorption by plants vary to a 
con'siderable extent among the different species, and for that matter 
even within the same species of plants, varietal differences could 
exist. This fact was elegantly demonstrated by J. @. Brown and 
his colleagues in 1958". In their experiments they grew two 
varieties of soya bean called PI and "Hawkeye" in highly alkaline 
soils, and after the primary laves had emerged, the shoot of one 
variety was grafted to the root stock of the other variety (inter- 
varietal grafts). They discovred that the shoots growing on the 
"Hawkeye" root stocks were green, while those on PI root stocks 
had developed chlorosis due to a deficiency of iron. These results 
showed that when available iron was low due to alkaline soil 

- conditions, the root stock of the "Hawkeye" variety was more 
. efficient than the root stock of the PI variety of soya bean, in the 

absorption of iron. 

Similar examplcs could be found in many other plants. For 
instance in tea plants differences have been seen between. clones, 
of their ability to absorb nitrogen from the supplying solution**. 
Similarly it has been observed in coconut palms (var. typica), that 
the absorption of magnesiurr~ by one progeny was distinctly more 
eficient than that of another progeny, indicating the existence 
of two genotypes.*** 

3.4 Mechanism of ion absorption by roots 

One of the unique features in the nutrition of plants is the ability 
of their absorbing organ (roots) to take up ions selectively from 
the growth medium. It is thought that the root colloid and soil 
colloid compete with each other for cations, and hence the direction 
in which cations move, will depend on the differences in the 
cation exchange capacities of the root aild soil. 

The uptake of ions by plant roots takc; place in two stages. In 
the first stage, due to the operation of the CEC s' of the root and 

*J. C.  Brown et al. Iron chlorosis in soya bean as related to the genetype of root stock. 
Soil. Sci. 56, 75-82 (1958). 

**S. Krishnapillai and U. Pethiyagoda. The nitrogen nutrition of young tea plants 
in sand culture. Proc. Ceylon Assoc. Adv. Sci. Part I ,  43 (1972). 

***M.A.T. de Silva. et al. Nutritional studies on initial flowering of coconut (var 
iypica). I The effect of mamesium deficiency and Mg-P relationship. Ceylon 
Cocon. Q. 24, 107-113 (1973). 



soil, cations are adsorbed on the root surface. This process takes 
place by normal physico-chemical inethods and is not related to 

- the metabolic activities of the plant. Hence this stage is pnerally 
referred to as "non-metabolic" uptake of a nutrient. The second 
stage in nutrient uptake is called ion accumulation. This process 
is governed by metabolic activities of the pbnt, and more specially 
by respiration or the energy producir?~ process of metabolism. 
Hcnce this phase is generally referred to as "metabolic" uptake. 

The mechanism by which ions adjarbed and accumulated on the 
root surface is transported througk the cell wall into the cells 
and finally to the conducting tissues is not fully understood. It 
has been suggested that certain chemical compound~ich in energy, 
assist in the transfer of ions across permeability ba'rriers. Experi- 
ments have shown that among the many organic cofi1poullds 
present in thecell walls or roots, the concentration of malic acid 
is the most easily affected during the process of ion absorption. 
It has been implied that this substance may be partly responsible 
for the translocation of absorbed ions. 



TRANSLOCATION AND DIS'IIEBUTION OF 
NUTRIENTS IN PLANTS 

4 .1  Ionic interactions 

It bas been pointed out that the abundance of mineral nutrients 
in the soil was not an index of their availabilitiy. Likewise the 
magnitude of nutrient uptake is not always a measure of their 
availability. This is chiefly because, the mechanism of absorption 
of nutrient ioas is not entirzly governed by simple physico-chemical 
laws. 

One of the important fdctors which affect the uptake of nutrient 
ions is the interference cansed by ionic interactions. Although 
the concept of chemical activities of nutrient elements has been 
used to explain the driving force for the movement of ions 
from the soil medium to the root tissue, the causes for ionic 
interactions are not fully understood. Clearly different mechanisms 
are responsible for the various examples of ionic interactions. 

When the absorptior of one nutrient is increased by the presence 
of another, the relationship is called "synergism". The opposite 
e&ect, where the increasing presence of one element tends to decrease 
the absorption of another is called "antogonism". It so happens 
that on certain occasions two elements which are antogonistic in 
one plant, or under a given set of conditions can be synergistic in 
another plant or under a different set of conditions in the same 
plant. 

Al%nost all mineral elements required by pIants are subject to ionic 
interactions during absorption, which results ic disproportionate 
uptake of nutrients. A few common examples are: potassium 
Yersus magnesium, nitrogen versus potassium or phosphorus and 
iron versus manganese. In the following sections an attempt 
will be made to illustrate these reactions from observations made 
in Sri kanka. 



4.1 . 1  Interaction of potassium with magnesium 

In the exchange capacity of a soil a 2:l ratio for K:Mg 
is considered optimum for the proportionate uptake of 
these two nutrients. If the ratio exceeds this value in 
the soil then the plant uptake of magnesium decreases. 
Such situations occur frequently through indiscriminate 
use of fertilizers and also as a result of leaching*. 

During the period 1950 to 1960 magnesium deficiency 
became evident in severaI loccli'ties in the South and 
South-western regions of Sri Lanka, where traditionally 
coconut palms have been grown without any fertilizer 
treatments. In the early 1950's when a scheme was intro- 
duced to provide fertilizers for coconut plantations at 
subsidized prices, the use of inorganic manures containing 

I j l kxclusl'vely nitrogen, phospZloru~ and potassium became 
very popular. The liberal use of such fertilizers in a heavily 
eroded lateritic gravely soil, thus provided conditions for 
reducing the availability of magnesium 

The causes of this disturbance can be explained fairly well 
by the "valency effect" discussed earlier. Thus the 
coconut palm being a monocotyledenous plant, would, 
take up preferentially more of the monovalent potassium 
than the divalent magnesium. In such circumstances to 
(compete and displace potassium, the divalent nutrients 

. need a higher concentration; which is evidently not 
available in the leached wet zone soils. 
In these investigations it was interesting to note that 
regardless of the concentration of individual ions, the 
sum total of IS, Mg and Ca in milligram equivaleats per 
100 grams of plant material was remarkably constant, 

- indicating that under such conditions, unbalanced uptake 
of <catiolzs occur probably to ensure electrica1 neutrality 
of the system. The data given in Table ZV, from an 
experiment carried out at the Coconut Research Institute 
of Sri Lanka illustrates this phenomenon. 

"Leaching is the process in which soluble nutrients are dissolved, specially during 
heavy rains, and drained off from the surface soil. 



4 .1 .2  Interaction of nitrogen with phosphoms 
' i. 

The interaction of nitrogen with phosphorus has been 
frequently observed in plantations which have been opened 
up in recently cleared forest lands. Such !ands are generally 
rich in nitrogen, which leads to an imbalance in the uptake of 
nitrogen in relation to phosphorus. Young coconut palms 
growing under such situations become prone to infections 

\ of f ~ ~ n g u l  diseases. Weace the manifestation of a N-P 
interaction is the occurence of a weakened and vulnerable 
condition resulting in foliar infestations of fungal diseases 
such as "leaf blight". 

4.1 . 3  Interaction of nitrogen with potassium 

The relationship of nitrogen with potassium is of particular 
interest in the nutrition of coconut palms, because at times 
this interaction appears to be antogonistic, while at other 
times, it appears to be synergistic. Thus when the avai- 
lability of potassium is low, a ~elatively higher uptake 
of nitrogen occur in coconut palms causing a decline 
in the production of fruits. On the other hand when 
the available pptassiam is high, increasing quantities of avai- 
lable nitrogen bring about a striking increase in the 
yield. The data from an experiment on coconut palms 
summarised in the Table V, illustrate this interactiyn. 

4 , / 1  

The relationship between Fe and Mn in the nutrition of 
plants has been the subject of an intensive investigation. 
Though most of the observations indicated a strong anto- 
gonistic effect between these two elements, there have 
been a few reports where the reverse effects have been 
observed. The i'n~esti~ations of Somers and Shive* with 
soya bean plants and their interpretation of the results 
aroused deep interest. They claimed that iron is active 
in the ferrous form in plants, but ,if iron is absorbed in the 

*I.I. Somers and J. W. Shive. The iron-manganese relation in plant metabolism. 
Plant Physiol. 17, 582-602 (1942) 



TABLE IV 

Mean leaf nutrient eontents of fronds (6th frond) taken from magQesinm 
deficient coconut palms* 

I Mean leaf nutrient content 
in milli equivalents per 100g. 

Estate, 
~olgasowitn I Yellow None 

do Yellow NPK+ MgSO / ~ ~ ~ + ~ d m i t e  
do NPKS Cattle 

Location 

-- 
Mattegoda 

manures 
Walgama ( NPK only 

Mg 

12.6 

K+Ca+ 
Mg 

63.1 

~ o n d i t i o ~  
of palms 

Healthy 

Results of a fertilizer experiment on coconut palms showing the effect of an interaction 
between nitrogen and potassium on yields of copra (given in Kg per hectare)** 

Estate, 
Bannipitiya 

do 
do , 
do . 

No Potassium 
0.681 Kg Potassium 

Fertilizer 
treatment 

NPK 

ferric form, it is rapidly reduced to the ferrous form by a 
powerful reducing agent, which they said was none other 
than manganese. These research workers went a step 
further and said that the symtoms of iron deficiency were 
similar to that of manganese toxicity and vice versa, and 
concluded that the two types of symptoms were identical 
being produced by the same disorder, - the disturbed iron 
to manganese ratio. 

* After M. A. T. de Silva. ~ a ~ h e s i u m  deficiency and nutrient imbalance in coconut 
pa1m.s. Proc. Ceylon. Arsoci. Adv. Sci. Part I, 20 (1965) 

K 

39.8 

I 

be*After T. S. Batakrishnsmurti. Report of the Soil Chemistry Division. C~ylon 
' CoCoa:Q. 24, 23 - 29 (1972). 

Ca 

_ - - - -  
10.7 

32.9 
34.9 
32.6 

Yellow 
Yellow 
Yellow 

NPX+l.Olb. MgSQ 
NPKt2.01b. MgS04 
NPK+3.01b.MgS04 

19.7 
12.6 
11.1 

14 .6  
15.4 
13.8 

67.2  
62.8 
57.7 



These arguments were strongly contested by several scientists 
among whom was E. J. Hewitt.* The convincing and 
critical evidence provided by Hevitt indeed disproved 
almost entirely the theory enunciated by Shive and Somers. 
Nevertheless the fact remained W t  the behaviour of iron 

J in plant nutrition specially in relation to rnaxIgane% 
remained unexplained and was a setback to tile under- 
standing of events in metabolism. It becsmb evident 
however, that the antogonistic eEeects between iron and 
manganese was observed only in plants such as soya bean 
and oats, which were susceptible and sensitive to small 
changes i,l availability of these nutrients. 

In recent years similar sludies have been initiated with 
' 

coconut seedlings to stvdy the effects of irqn and manganese 
on growth and ~ptake."" Special techiliques vJere used to 
extract non-conlb:?ed ferrous and ferric fmms or iron 
from root tips of treated plants. By this means it was 
demonstrated that in the case of coconut palms, excess 
of iron takcn up in the ferrous form, is converted to the 
less soluble ferrjc form and is held back in the root. In 
this condition iron is said to be inmobilized in the roots. 

4.2 ah.siasl-llo@afion of nuMents 

Translocation is the process by which nutrients me: moved or 
transported from the point 0,' absorption (i.e. the root in most 
cases) to the point where these are metabolized. However, it can 
also mean the movement of nutrients within the plant from one site 
to another. The organs of active metabolism are usually the 
feeder roots, leaves, apical buds and the reproductive shoots. 
Although the methods by which nutrients are translocated are not 
fdly understood, it is possible that several mechanisms zre involved 
in this process. 

The absorption and movement of phosphate were investigated in 
coconut palms using t3e modern techniques of radio-active iso- 
topes*"*. The fact that the coconut palm car3 produce a continuov.~ 
flow of sap (toddy) from its spadices on tappi;g, rendered it uniquely 
amenable to this i ~ v e s t i ~ t j o n .  - 

*E. J. Ilewitt. The role of mineral elements in plant nutrition. Ann. Rev.-Planl 
Physiul 2, 25-52 (1951) 

**M. A. T. de Silva. Some observatioas on t;.e iron and manganese nutrition or 
coconut sesdlinps. in L'Coconut Research and Development", (ec.'. N. M. Nayar) 
Wiley Eastern Indio Ltd., Ncvz Eelhi (1980). 

***D. A. Nethsinghe. Resport of the Soil Chemist. Ann. Reyt. Cucon. Res. Inst. 
for 1950. 12-31 (1962) 
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In the experiments carried out in 1960, 2.5 litres of a solution 
containing 5 millicuries of radio-active phosphorus ( P,, ) in 14 
per cent KH,PO,, ware sprinkled round the base of an adult 
coconut palm which was b e i ~ g  tapped for toddy. The specific 
activity of phosphorus (i.e. the ratio of active to no3 active phos- 
phorus) in the exudates clearly showed that for a 25 foot tali palm 
the applied phosphorus could be translocated from the root to 
the crown within 2 hours of its application. This experiment 
convincingly demonstrated the high mobility of phosphorus in 
plant tissues. 

Several other significa~~t ob,servations were made in this experiment, 
Thus it was found that the absorbed phosphorus accumulated 
mostly in the young spadices and more specially in the female 
flowers (buttons) and spikes. In developixg fruits, accumulation 
occured more readily in the immature than in the mature ones. 

4 . 3  Mobility of nutrients 

When plants are adequately provided w:th their requirements of 
mineral nutrients there is no cause for concern about the mobility 
of ions within the plant. Fiowever, when the supply of a nutrient 
becomes inadequate to meet the normal requirements, the ability 
of such a nutrient element to move from an area where it is Iess 
useful to an area where it is in greater demand (i.e. its mobility) 
becomes veryc important. 

At times this mobility may assume such proportions that tissues 
from which a nutrient is withdrawn may become deficient in that 
nutrient resulting in the appearance of externally visible symptoms. 
Thus the appearance of visua! syn;ptorns of deficiency in mature 
plants tissues, is indicative of the defichncy of a mobile element. 
Likewise the appearance of deficiency symptom in tender immature 
tissues is indicative of the deficiency of a imnzobile element. Among 
macro-nutrients nitrogen, potassinrn and magnesium are consi- 
dered to be mobile, while phosphorils and calciunl are relatively 
immobile. In the case of micro-nuvicnts though not much work 
has been done, iron has been considered by some scientists to be 
very immobile. 



As early as in 1916, Gile and Carrero* demonstrated by means 
of very simple experiments the immobile nature of.iron. -For 
example, in one experiment they trznsferred plants growin: ln an 
iron-containing medium to a minus-iron medium, end showed 
that the newly produced leaves were chlorotic (yellowish in colour) 
due to the immobility of iron f3:om older leaves to the newer ones. 
In another experiment they painted half of a young chlorotic leaf 
with a dilute solution of iron and showqd that restoration of the 
green colour occured only on the painted part of the leaf. 

However, recent studies indicate that mobility of a nutrient ion 
is gove~ned mostly by factors such as pH, occurrence and 
concentration of other ions, and presence of complex organic 
molecules or radicles. 

4.4 Distribation and accrrmulatisn of nutrients 

An evaluation of the chemical composition of various plant compo- 
nents is the basic step in the study of the mineral nutrition of a plant. 
The significance of such data in diagqosing and correcting fiu.trient 
disorders v~ilill be discussed in greater detail in the final section of 
this monograph. But for the present the general order in the 
distribution of nutrient elements will be examined partly to illustrate 
the overall patterns, and partly to demonstrate the distortions 
that may occur as a result of other factors. 

By the use of radio-active isotopes it has been possible to obtain 
a fairly accurate picture of the distribution and accumulation of 
phosphorus in the crown of the coconut palm*". The Table VI 
gives the specific activity of phosphate in leaflets from fronds of 
different degrees of matarjty. 

The results clearly show that the youngest and the most mature 
fronds have the lowest specific activity, while in leaf positions 
3 - 13 the content remains fairly uniform. 

*P. L. Gile a d  J. 0. Carrero. Immobility of iron in the plant. 
7, 83 - 87 (1916) 

3. Agric. Res. 

"*D. A. Nethsinghe. Report of the Soil Chemist. Ann. Rept. Cocon. Res. Insl. 
for 1961. 11-24 (1963). 



TABLE $11 

SpeeiEc activity of phosphate in coconlr;t leaflets, in counts per minnte per mg YaOSU 

In this same series of expet-intents, a study on coconut water (some- 
times referred to as 'cocon~t milk', iiquid endosperm etc.) showed 
that the specific activity of phosphate 30 days after application 
iocreased with decrease in maturity of fruit up to the "kurumba" 
stage. 

Although the mineral coixposition of plant components in a given 
species takes a regular pattern often this pattern is disturbed due 
to the inaiuence or inter-action of external factors such as the pH 
of the soil medium, availability of nutrients and ionic interactions. 
The observations of two experiments carried out on coconut 
seedlings in sand cultures is given i9 Figures 4.0 and 4.1 to illustrate 
the changes that occur in the distribution of nxtrients in plant 
components wheil subjected to, (a) deficiency of a nutrient and 
(b) a change of pH. 

*D. -A. Nethsinghe. Report of the Soil Chemist. Ann. Rept. Cocorr. Res. Inst. for 1961 
11 - 24 (1963). 
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COPPER CONTENTS IN- 
_ .--- ..* 'm wRuTnED 

LAMINA - 
NON AMPUTATED 

- Figu~e 40 Histograms shoaing ihe distribuliol~ or copper in the 
laminae, midribs and rachis of coconut seedings 
subjected to macro nutrient deficiencies. 



Figre 4.1 Histograms showing the distributon of ,nz:nesimn in plant components of coconut 
seedings s~ibjected o a.~tri:at s~lut ions 05 differeub pi1 gainer 



FUNCTIONS OF MINERAL NUTWmNTS 

5.1 General considerations 

The proof that an element is essential for the normal growth of 
a plmt implies that such an element has a definite and an indis- 
pensable function to be performed in the plaat. It  has been shown 
that many elements which are not essential for normal growth of 
plants have been able to substitute essential elements partly, and 
in this capacity such elements also deem to perform some of the 
functions of the essential elements. An extreme example is the 
role of rubidium which can rep!ace anrl perform almost all the 
functions of poiassium in some varieties of Chlorella. Recent 
work on coconut have also indicated that sodium may at least 
partly replace potassium in its nutrition. This observation is of 
special significance to Sri Lanlta, because for ages farmers have 
refused to believe that table salt was not a fertilizer for coconut 
plantations. 

On the basis of the functions performed by mineral nutrients, 
these elements could be broadly classified into three main groups. 
The first of these have as their main function the formation of 
structural units in cell building. Members of this group are 
nitrogen and sulphur. The second group has both a structural 
as well as a catalytic function in metabolism. Elements in this 
group are phosphorus, calcium and magnesium. The third group 
comprises of elements which have almost exclusive catalytic 
functions in plants. All the micronutrients except probably boron 
falls into this category. 

5.2 Catdytic functions of nutrient elhants 

The nutrient elements which have a catalytic function are associated 
with enzymes, and these enzymes Bgain are broadly classified 

3 1 



into two groups: (i) the metal-cctivated emymes, and (ii) the 
metallo-enzymes. The following are the characteristics of the two 
dasses of enzymes associated with metals. 

lMetd-acijvate2 enzymes Metdk-eazymes 

1. Metal reversibly bound - Metal firmly bound to ewymes 
to enzyme 

2. *Dissociation constant - Dissociation constant very small 
is raeasusea'ole 

3. MetaI/protein ratio - Metallprotein ratio a small-integer 
variable 

4. Metal/ewynme activity - Metallenzyme ratio coilstant 
ratio variable 

5. Metal is not specific - Metal is specific 

6 .  Enzyme activity may - No enzyme activity without metal 
exist without the metal 

Among essential elements mangcnese and magnesium function 
in many enzyme reactions as activators. On the other hand zinc, 
iron, copper and molybdenum are often found to be bound firmly 
to enzymes and functions as metallo enzymes. With regard to the 
catalytic functions of enzymes, it is interesting to note that in most 
instances the metal ion associated with an enzyme can perform 
a catalytic function in its inorganic state in the absence of the protein 
component. It is thus said that these elements in their inorganic 
state possess in a rudimentary or primitive form the functions that 
they perform so efficiently when combined or associated with 
an organic radicle. An example is the oxidation of ascorbic 
acid by salts of copper. When copper forms past of the enzyme 
called ascorbic acid oxidase, its catalytic function increases a 1900 
fold. more striking example is the behaviour of iron in the 
enzyme catalase. Catalase is the enzyme which splits hydrogen 
peroxide to water and oxygen. This property of catalase is present 
in a very mild form in inorganic iron salts. In the formation of 
catalase, iron initially enters an organic ring molecule called 

- porphyrin. This iron porphjjrin has the catalase activity which 
is 1009 times greater than the iron sa'lt. When this iron porphyrin 



(also referred to as heme) now combines with a specific protein to 
form the enzyme catalase, this activity increases further by a 
midlion tiaes. 

.+ \ 
Cata lase 

protein * 

5.3 .1  Nitrogen 

Nitrogen is taken up by plants mostly as nitrates, ammonia, 
urea, or some derivative of these compounds. However, 
plants with symbotic bacterial nodules or other microbial 
associations can take up nitrogen in the elemental form. 
Whatever the source of nitrogen, during transformations 
wittlin the pla-nt, ammonia is produced as one of the 
inorganic intermediate products of metabolism. The 
ammonia thus formed is received by organic carboxylic 
acids, forming ultimately amino acids. These are so to 
say, the building blocks of proteins. 

Apart from proteins and amino asids, nitrogen enters into 
a large nu3ber of bio,ogically important compoonds, 
among which are the compounds lcnown as purines and 
pyrimidines. The proteins also lead to the formation 
of enzymes and co-enzymes. By enterjag such a vast 
Fange of biologically important compounds in the plants, 
nitrogen ihus p!ays a major role in cell building and growth. 



Phosphorus enters the ppis-;lt as the ortho-phosphate radicle 
and remains so in both the ::zorgaT?;c rincl organic com- 
pounds of plants. It enters into a large ilumbcr of com- 
pounds and play6 'a, ke f~nction~is. the transfer of energy 2, . during the vagous etabol:e,processes. In glycoIysis the 
sugars carrying phosphate radicles play a very important 
role and enters- several intermediary breakdown products. 
It is also associated with several genetically important 
compounds calied nucleic acids. Each nucleic acid is 
made up of three distinct colnponents:- an organic base, 
a sugar and a phosphoric ac:d residue. Two sV:ch irnyortant 
nucleic acids are ribonuc'leic add (RTJA) and deoxyri- 
bonucleic acid (DNA). Phosphate is genernlly concentrated 
in metabolically active tjssues and also in region; where 
ragid cell division take; place. In the storagc tissne of 
seeds etc. it is accumulated as a substance called phyth 
which is an organic, compound with six phosphoric acid 
groups. 

In many piants it has been shown to assist in eawijj Koxxering, 
and consequently in early bearing (See Fig. 5.0). 

Although potassium is a macro-elemen; and hence required 
in large quantities, it has not been observed to form alry 
metabolically important compound. In the plant it exists 
largely as sohble inorganic salts, and to a smaller extent 
as soluble organic s~l ts .  Its absence or deficiency causes 
many visible symptoms to occur. In coconiit palms 
potassium has been found not only to increase the overall 
yield of crops but also to increase the size of fruits, ln 
spite of its major inlportance in plane nutrition it has not 
been assigned any ftlnctions fc: which its presence i.; 
indispensable. 
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r e  5.0 Diagra.!~ shewing tlre e 9 ~ t  of phosphorus on the age of initial fiowering in coconut palms. 



However, it has been,fairly well established that its presence 
is necessary for (a) maintaining the organization, 
permeability and hydratior, of cells, and (b) assisting in 
the efficient utilisation of iron. It has also a role to play 
as an activator of enzymes and in the opening anc! closing 
movements of stomota. 

Sulphur is taken up by plants mostly from the soil in the 
form of sulphate. Howcver, if the sutpliur dioxide content 
in the air increases appreciably it may be takela up in the 
gaseous state through leaves. 

Sulphur is a constituent of :he a ~ n ~ n o  acids, cystine, cystuine 
and rnethionine, and hence enter into t l ~ e  composition 
of proteins. The fact that sulphur exists in the various 
organic compounds as the > S - 3  group, indicates that it 
has to undergo redustior. in the plant befo'ore entering the 
orgax?;c compounds. 

A deficiency of sulphur has been shown to produce a soft 
"rubbery" type of copra from coconut kernels. 

5.3 .5  Calcium 

Although calcium is taken up by plants in relatively large 
quantities its role is not clearly usderstood. Being a 
very immobile element, its deficiency shows a mzrked 
effect on the growth and development of young shoots. 
Curling of young leaves a ~ l d  appearaxe of chlorotic 
patches on leaves are typical symptoms of calcium deficiency. 
Calcium starved plants show retarder! root developgent 
which consequently weaken the anchorage of plants. 

__.I -' Earlier it was believed that calcium through the formation 
of pectate, enters directly into the constitution of tEe cells. 
However, Iater evidence have failed to  confirm this view. 
Nevertheless it seems certain that calcium is associated 
in some way during cell division in the stabllizing of 
chromosomes. Calcinm ions have also been sllown to 



function a.s an activator of a number of enzymes, and in 
fact in the case of the enzyme amylase, calcium has been 
found to stabilize its molecular structure. 

Ten percent of the niagnesium present in the leaf is contained \ 
in chlerophyl:. ~t is the only metal constituent in the 
chlorophyi: molecule. Deficiency of magnesium iesults 
in a loss of the yellow pigments xanthophyll and carotene 
in addition to chlorophyll. The fact that chlorosis due 
to a, deficiency of magnesium begins with mature leaves 
indicates that it is a very mobile .element. Chlorosis due 
to  mag1lesiu;n deficiency is very characteristic since it 
is almost always interveinal in nature. 

Magnesium is k~lown to play a very importal~l role in 
enzyme activities, although a few other elements like 
lnalrganese can substitute magnesium a t  least partly in 
these activities. Magnesium has been implicated to 
assist the movement of phosphorus from the root to shoot. 
Studies on coconut palms seems to confirm this finding.* 
In other words mag~es iun~  f~lnstions as a "canier" for 
phosphorus and vice versa. Pn this capacity magnesium 
probably promotes early flowering by assisting the trans- 
port of phospliorus. 

5 .4  Functions sf micronutrients 

Iron has several important f~l~tctions to perform in the 
plant and its absence or deficiency can be easily demons- 
trated with nutrient culture experiments. As has been 
pointed out earlier iron functions through the formation 
of a complex ring compound called iron porphyrin (or 
heme) which by association with specific proteins forms 
a series of very important enzymes and activators as 
shown below : 

*M. A. T. de Silva et a[. Nutritional studies on initial flowering of coconut (var typica). 
I The effect of magnesium deficiency and' Mg-P relationship. Ceylon Cocon. &. 
a4, 107-113 (1973). 
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Enzyme Occurrence 

- - Rhizobium legume 
nod uIes 

- - Many plants 
- - Many plants 
- - Yeast 

f Plant haemoglobin 
I 
I 

Catalase - 

Peroxidase - 
Cytochrome c - 
peroxidase , Cytochrome a - 

Fe_--atEeme { Cytochrome a, - 

- - Yeast 
- - B. pastet~rinrzxm 
- - E. coli 
- - Yeast 
- - Yeast 
- - E. coli 
- - Yeast 
- - Yeast 
- - Plant cells 

-I- 

porphyrin 

Catalase is involved in the splitting of l~ydrogeil peroxide 
with the release of oxygen. Peroxidase activates W,3, 
to function as a powerrui oxidizing agent. The presence 
of haemoglobin ia Ieguine root nodules is significant 
because neither the root nodule cells nor the nitrogen 
fixing bacteria (Rhizobium) could separately produce 
haemoglobin. Haemoglobin is probably associated with 
the transport of oxygen in fixation of nitrogen. Most 
of the other derivatives of the heme are believed to be 
associated with the transport of electrons durilg cr~zyme 
reactions. 

Cytochrome a2 - 
Cytochrome a3  - 

Iron is also known to occur in forms other than as the 
heme. For example in the enzyme zanthin oxidase. In 
general, in many of its reactions involving electron transfer- 
iron is believed to function through the reversible oxidation, 
reduction change. 

/ Cytochrome b - 

Cytochroine b, - 

Cytochrome b, - 

Cytochrome c - 
1 Cytochrome f - 



5.4.2 Manganese 

Quite unhlte iron, manganese has been known to function 
cnly as an activator of enzyme systems. Although i L  has 
been shown to be associated W h  several enzymatic 
reactions, in many of these the metal ibn can be partly 
or wl~olly substituted with other lnetallic cations. How- 
ever, it is certain that manganese is the most important 
metal in the enzymatic reactions of the citric acid cycle. 
There is at least one reaction in plant ~~~ctabol i sm in wliich 
Mn appears to be indispensable in i,; functio?. This 
is the oxygen evolving step of the Hill reaction. 

Manganese seems lo be very closely associzted with the 
inanufacture of die chloropiasts and chloro?Ey!l. 1x1 
this role it behaves somewhat similar to iron. Manganese 
is also associated wich :nolybadenurn in the sy! thesis 
of emino acids from zlitrates. 

Cne of the most important functio~ls of zinc is its relation- 
ship to auxin. Zinc not only functions in the foril~atioi~ 
of auxin, b - ~ t  also assists tlre rejcvarmt enzymes to synthesis 
the auxii~, A deficiency of zinc therefore cexses a severe 
reduction of auxin, which in turn alters many of the growth 
and developmental process in plants. For example flower 
production and setting of seeds are severely affected. 

Zinc is know11 to be a constituent of a number of enzymes 
of which alcohol dehydrogenase and carbonic anhydrase 
are the most common. The latter enzyme catalyse the 
reaction, H,8 + CO, d- H,CO,. 

5.4.4 Copper 

Copper is a constituent of several enzymes, some of which 
catalyse the oxidation of substances directly by oxygen. 
As has been pointed out earlier this property of copper 
containing enzymes is already present in simple copper 
salts in a very mild form. When the metallic copper 



enters a specific protein _lo form an enzyme, this catalytic 
property of the ionic salt is increased several times. A 
cozmon examp!e is the copper bom~d  enzy-ne ascorbic 
acid oxidase which catslyse the oxidation of ascor5ic acid 
to a substance called dehydroascorbic acid aizd water. 
It is thought that copper in these enzymes function through 
the cyclic conversion of cupric to cuprous and back. Other 
copper enzymes found in are, polyphenol oxidase, 
laccase and probably cytochrome oxidase. 

5.4.5 Boron 

Boron has frequently been associated with calcium in 
its physioiogical role. Deficiency of boron results in 
necrosis and. severely retarded growth of the apical tissues. 
In coconut seedliws boi-on deficimcy caused shoots to 
take a cabbage-like formation. Callciurn deficiency is 
also known to produce similar symptoms. hlttough 
some pl~ysiological relationship between boron and calcium 
has been observed, the exact function of boron tlas not 
been- eIucidated. Like calcium, baron has also been 
implicated to affect the formation of cell walls, and in cell 
division. 

Boron is also thought to be associated with the trans- 
location of sugars. 

The importance of molybdenum is seen mostly in relation 
to the metabolisin of nitrogen. In leguninous plants 
molybdenum has been found to be essential for fixation 
of atmospheric nitrogen, through the symbiotic associa- 
tion of azotobacter with tissues of the leguminous plant 
roots. 

Molybdenum is also required for nitrate assimilalion 
in plants, and this occurs through the enzyme nitrate 
rerluctase, which has wolybdei~um as one of its specific 



components. It is interesting to note that molybdenum 
not only enters the composition of the enzyme nitrate 
reductase, but also directly assists in its formation. 

Molybbdcnum is also a component of the enzyme system 
which helps to break down nitrates to nitrites with the 
release of energy. In this case molybdenum appears 
to be associated with an enzyme, which has iron in addition 
to Mo in its composition. 



+ . L  

6.1 Methods f ~ a  the stndy sf mtrienf reqt~ilrirements 

Simu1ta;leously with the search for factors which control plant 
growth, efforts were directed to a search for n simple and 
convenient method to determine the nutrient requirements of plants. 
Extensive studies d~aring the past 150 years or so have resulted 
in tlie near psrfection of several interesting techniques to evaluate 
nutrient requirements in plants. Some of the more important 
procedures are; (a) fertilizer experirncntatioiz, (b) bio-assay 
experiments, (c) sartd and water culture experiments, (d) soil 
analysis, (e) plant analysis and (F) foliar sprays. 

6.2 Fertilizer experimentation 

The earliest attempts to study under field condition the mineral 
requirements of plants were siinple observation experiments, in 
which the response of the plant to the addition of a particular 
fertilizer was studied. The results of such experiments, though 
overwhelmingly convincing at times, are on!y useful to a limited 
extent. The reason for this is that such experiments do not take 
into account the i~herent  variability of materials under iave~tigation, 
and furthermore the effect of other factors cannot be elucidated. 
As poi~ited oat in ad earlier chapter, soil is a heterogenous material 
and its chemical and physical properties can vary considerably 
even within a small area of a few square meters. Unless adequate 
safeguards are taken, such factors are bound to influence the results 
of fie!d experiments. 

To overcome these effects, during the ear1.y part of this ceatury, 
various experimental procedures were tested; the outcome o f  
which is the development of nlathenlatical designs for laying out 
experiments. Modern field experimentation tIlewEore involves 



an initial planning of the field layout based an statistical 
considerations. The essential feature of these new methods of 

- fiefd experirnei~tation is that a choice can be made to estimate, 
.or even eliminate the..effects ~f~~undes i r ab l e  factors which may 
affect the adcuracy of the resuits. Furthermore e!iae techn~ques 

: provide a means of observing the effects of several' factors 
sisimui taheously. 3 .  - <  

8 in Sri Lanka the Tea Research Institute at Talawakelle and the 
* 

Coconut Research Institute a t  Lunuwila; .share the honbur of 
being the pioneering institutions in applying the method of scientific 
experimei~tation to percilnial crops. The ex3erirnent at Lui:uwila 
on adult coconut palms was laid out by Sa!gado* in the ycaI"l:S35. 

. Its objectives were to test the effscts of nitrogen, phosphorus and 
potassium on the growth and yield of adult coconut palms. 'Tliis 
experiment which wA8 concluded i n  1955, aft'ter 30 years of work, 

- ' iS considered to be the oldest and the longest continuons record 
of any expe~iment of this kind:. Tlie present day recommendatio~ts 

'' on fertilizer treatrcent or" coconut palms is still baied on sollie of 
the findi~lgs of this experiment. 

' - Althou$l~ results of field experiments 'are useful in studyi~ig the 
fnanuriav- requirements of agricultural crops, thore are certain 
lim?tations. ' Fiistly, it has to be remembered that the k8s~~lts 
obtained under a given set of conditiolls would not have universal 
application. This is chiefly because the variabiiity in soi: and 
climate (generally referred to as agro-climate) even within a small 
area can be so wide that no one expcrirnent wili be ab!c to provide 
answers all possible situations.:" Secondly, an experiment b8sornks 
manegeabIe only if a few fzctors are tested. Under these circums- 
t&ce3 it would not be known whethef' the'resuits had been;orkoul~.i 
Be influenckd;'bj, factors which are not beihg tested. Thirdly, 

1 . sxpedmelzts don tree crops sdch as ~11Eiber and-.coconut, 'rcqllire 
Y.' I W e  extents' o'f fahd which Ii~zlits the cont:olof experinenta'l - 

conditions. 
i . , ,I 

Nevertheless field experimentatio:~ has come to stay, as this , is one 
, 'sf the djreci methods of studying fertilizer requirements of $an&. 

, . .  , "  n -- 
'M L. M. SaLado. @epart of ths&il ~&=~if. Report of ~ o w n ,  xei. ~ L l l e i e  
of Ceyisa JIJ? 1949 (1951) 



6.3 Bio-assay technique 

The so called bio-assay technique employs~a test plant to inves- 
tigate the fertility of a .soil in pot experiments. Generelly, plants 
which are quick growing and fairly sensitive to changes in nutrient 
levels of soils are chosen as the test plants. ,The procedure is 
based on the method proposed by Mitscherlich* &-*,the begining 
of the century. Some years later modifications to this method 
were introduced by Neubauer* who grew a definite number of 
seedlings in a given weight of soil and observed the inerrease in 
dry weights of plants. 

In Sri Lanka, Paltridge and Santhirasegararn** used the bio-assay 
technique to study the chemical characteristics of some of the 
soils of the North-Western Province. They used as test plants, 
a pasture grass (Paspalurn commersonii)and two legumes (Phaseolus 

- lathyroides and ,Medicago sdtiva), On the results obtained they 
wept on to predict the requirement of fertilizers for the~e  soils 
(lateritic gravel, lateritic loam, lateritic sands, white cinnamon 
sands). 

It has however, .to be realised that different species of plants 
vary considerably in their requirements of nutrients. There is 
also the doubt,as to whether results obtained from such glasshouse 
experiments could be directly translated to field conditions. 
Nevertheless observations of limited application can be obtained 
using this technique. 

6.4 Sand and water craltm-e experiments 

The development of the techniques of sand and water culture 
experimentation was in fact the forerunner to the dis~overy of 

, many of the essential micronutrients. The most important feature 
of this method is that conditions of experimentation can be ,r&idly 

*Cited by C. Bould in Mineral nutrition of plants in soils, in "Plant Physiology" 
Vol. 111, (ed F. C. Steward) P 77 Acad. Piess. N.Y, and London. 
**T. B. Paltridge and K. Santhirasegaram. Studies on the nutrient status of some 
coconut soils of Ceylon I. Tiie lateritic Soils of Bandirippuwa Estate: CRI Bull. 
No. 11 (1957) 
**T. ~.-F'altri~ge and K. Santhirasegaram. Studies on the nutrient status of some 
coconut soils a£ Ceylon 11,. Thk cinnamon sand of Horskclky Estate. CRI Bull. 
No. 12 (1957) 



controlled. However, as zn -the case of the bto-assay procedure, 
practical application, b-F results to fidd operations is unavoidably 

, limited; -7 

r I . , . . 
In s ~ n d f g d  water culture experiments great care has to be taken 
in clqanlng,and rinsing of the sands, posts and other equipment 
used. This is specially true for studies on micronutrients, where 

, sands and pots may have to be treated with hot mineral acids to 
remove impurities before experimeats could be laid out. 
The technique of sand and water culture experimentation is 

, ,- authoritatively reviewed by E. J. Hewitt*, and those i:itere?ted 
are referred to this publication. 

A procedure ,of special interest in nutrient culture studies is the 
method of subtracltiveltreatment. .In tHis method potted plants 

, in $and culture are treated with a balanced nutriekt ~sblution 
with one essential element omitted. This procedure enables the 
experimenter to study the reactions of a plant to an absolute 
deficiency of. a nutrient. In Sri Lanka the technique developed 
by S\T,athanael** lto study the miltrition' of tree crops using culture 

. mediaiia massive concrete.pois with an intermitant flow of nutrient 
solution, aroused oonsiderable interest. 

6 . 5  Soil analysis 

, Soil analysis as a means of studying the fertility of soils dates 
bwk to theimiddls of the last century, when attempts were made to 
discover simple tests for rapia detection of deficiencies. Later 
work was devoted to developing~procedures for the quantitative 
extraction of nutrients available to the pIant. Among the solvents 
that have been tested are the following: crtric acid (1 per cent 

:,- solution), sulphuric acid, mastant boiling hydrochloric acid, 
acetic acid ( 0 . 5 . N )  buffered to pH 4.8 with sodium acetate and 
neutral salt solutions (eg. N ammonium acetate solution). Although 

,,no -single. sokent has ha-d universal success, most of. these have 
r , been found- to: be useful under certain conditions: . 
. . , , 

'"E. 3. &&itt. Sand and watef culture methods used in &e study bf plant nutrition. 
2nd ed. Copmonw. Bur. Hort. Plantation Crops (Gt. Brit.) Tech.' Commun. 
No. 2,:1966) 

**W. R. N. ~ a t h a n e h .  ~ a c o n u t  nutritjan and. fertiluqr regyiremepts - the plant 
appk'aaeh. Ceyhn Cbcun. Q.  12, 101 1 120'(1961) - 



. By the beginning of the present century it was evident that views 
on nutrient availability were crystallizing out ifi a definite pattern. 
Thus for exarnpie it was recognised that plants may draw their 
requiremeats of miaeral nutrients from several sourcec, available 
in the soil. Fjrst of these.was evidently the water-soluble fraction. 

-, . This fraction- is .normally extracted by shaking a known quantity 
, of soil i,a,a given volume of water and determining the contents 

a of nutrients i n  the extract. This fracii6n.i~ very small, and would 
certainly not be the anly source froin which the plant would depend 
, F Q ~  i,& .requirements. i n  the case af'cations, )the next significant 

fr,&ction is called the. "exchangeable bases". The solvent used 
to extract this part is usualiy Natnrnoniu~n acetate solution adjusted 
to pH 7.0. The "exchangeable cations" detcrrniiled by this method 

. has had widespread success in characterizing the fertility of soils. 
It aormally includes the water-soluble fraction plus the caeio:ls 

, !,.~llaC .aould exchange places with the ammoilium radcdlcle of the 
-. . s~lvenk. The next fraction'*that could Lialaxtracted is' generally 
0 .  - 

- . referred: to as ''total bases:';. and includes, wdter-sol~kbl.ble bases, 
.. exchangeable., bases and! coh'tributions from the secondary and 

. primary minerajs. The solvent used for t&is extraction is constant 
boiling hydrochloric acid. In the final analysis, $the minerals 
are broken down by fusion with sodium carbonate, and the quan- 
tities of elements so obtained are the "ultimate" contents. 

In the case of anions, a fraction called the "availab!eH nutrient 
, : fraction is derirmined ,by extraction with dilute mineral adds. 

, Estimatioq,of,available phosphorus 11as been, and continuesto be a 
. problem, mainly becausd~ of fixation. Therdfore in recent years 

-, traper techniques )using the radio-active isotope' P32 have been 
., , used with success. 1 ' .  

A ,  
, . . A %  

. Ahbough several important modi.Gcat.ions have been introduced for 
, the chemibal methods des~ribed above, as pointed! dut earlier, no 

a ,one method has had universal success. Thus for ex'ample, more 
4 

.than two decades ago cocanut palms growing in thec.buth-Western 
Province of Sri Lanka began to develop characteristic symtptoms 
magnesium deficiency. Classical methods or soil analysis consis- 
tently failed to drat a distinction between sQiis sustaining healthy 

.; and deficient plants. However, when the  soil^^^ were extracted 
with a solution of 0.01 moIar calcium chloride, a fraction of 

"'mAgnesidni'tvas obtaineil'whicg correIated'well' wifb the magnesium 



content of the plant (see Figures 6.0 and 6.1). The results were 
even more convincing when the molar Mg/Ca ratio was considered. 
Accordingly it was suggested that if the molar Mg/Ca ratio in 
such soil extracts fell below 0.02, a deficiency of magnesium could 
be expected in coconut plantatiozls*. 

6.6 Plant anltlysis 

As in the case of soil analysis studies on plant analysis resulted 
in the development of two different techniques of investigations. 
First of these was a simple and rapid tissue test for diagnostic 

=-a_ 
purposes, while the second was a longer procedure for quantative * 

T - +a2essnlent of the nutritional status of plants. 
C - 

-.. - 
6 . 6 . 1  Tissue tegfd-. -.. 

The ,technQne of tis& test -was broposed ma.i,gly, to 
+ , : . ,. provide a means of testing rapidly in a qualitative or semi 

:,' - 
,+ - -. quantitative manner the nut$tio@al status of a plant. - 

, Basically, it involves the extraction ofc solub!e, unelabo- 
i r r  I: S 

rated nutrients from a tissue, and spot-testing it for the 
concentration level. By this means it has been possiblm to 

- , - --diagn~se cleficiences in certain plant?. The test is however,. 
of limited use, and is riot so wideiy used h s  total plant 
analysis. A <  , '  

4(! s ~ 4 , 7 6 ' o  
i . 1L 

Per cent m.e. Ex&. -Sbil Mg. x' 10;-" c . - 
Figure 6 - 0  %The plot of leaf r n a ~ e s i u r n  content versus exchangeable :flap-izsiurn of sell 

(After N~thsilrrhe et al*) -., - ---- - 
"D. A. Nethsinghe, et al. ~ i a ~ n o T G  and correction of magnesium deficiency in coconut palms. Proc. 
Cejlon Assoc. Adv. Sci. Part 1 16 - 17 (1962) 



Molar Mg. x lo-" 

Figure 6 .  1 The relationship between leaf magnesium and the molar magnesium content of 
soils extracted wi& 0.01 .molar calcium phloride solution. (After Nethsiaghe e6 al*) 

6 . 6 . 2  Foliar analysis 

Most land plants obtain their requirements of mineral 
nutrients through the root system. It would therefore 
be expected that the concentration of nutrients in the 
root tissue at  any particular time may reflect the available 
nutrient levels of the soil medium. This was indeed the 
view of the earlier plant nutritionists when they concen- 
trated their attention on root analysis as a means of 
characterizing the fertility of soils. However, the eon- 
sistent failure of root analysis as a diagnostic tool in mineral 
nutrition, prompted researchers to look for better methods 
to study the nutritional requirements of plants. 

- - "  = ,. - -  .."% v 
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. I  * Although various plant organs (e.g. grains, seeds, flowers 
' and even pollen grains) have been used with varying success, 

it is generdlly recognized today that the 16af is the most 
suitable material toeassess the nutritional status of plants. 

The earlier scientists used plant apalysis as* a means of 
studying the fertility of soiIs, and this was.indeed the main 
reason for the doubtful success attained by these workers. 
The modern concept of plant analysis is to study the 
nutritional status of plants, which by itself furnishes valuable 
information on the interactions and availability of nutrients. 

P. Macy'' believed that yield response of a plant could be 
related to concentrations of nutrients in its leaves by a 
curve, which would be characteristic of the particular 
plant species. As shown in Figure 6.2 this curve basically 
consisted of 3 parts, the'first:;? which probably represented 
the stage when yield increase was limited by the deficiency 
of a nutrient. In this stage (minimal percentage) the plant 
was shown to respond to applications of fertilizer by : 
increasing the yields; but the concentration of nutrients 
will remain virtually unchanged. The next stage referred to 
as the "poverty adjustment range" will show an increase 
in the leaf nutrient content together with a corresponding 
increase in yield. This stage will be climaxed by a point 
referred to as the "critical percentage, above which there 
would be a steep increase in the nutrient concentration, 
without an increase in yield. This portion of the curve is 
said to show the phenomenon of "luxury consumption" 
of the nutrient. 

Steenbjerg and Jakobsen** came to the conclusion that 
leaf analysis can be a useful technique for nutritional 
studies, if the cuve representing the yield versus leaf nutrient 
concentration takes an S-shaped form, as shown in Fiugure 
6 .3 .  According to this curve a deficient nutrient when 

*P. Macy. ~he~~uanfitative mineral nutribnt requirements of plants. Plant Physiol. 
11, 749 - 764 (1936) 

**F. Steenbjerg, ahd Sz T. J*clcobson. Plmt nutrition and yield curves. Soil. Sci., 
95, 69 - 88 (1963) 



supplied to a plant, will initially show a slow increase in 
concentration coupled with a steady increase in yield. 
Then at a certain point, there will be a sharp rise in yield 
f ~ r  a relatively smaller increase in cogcentration. Finally 
.fie yield increase will reach a maximum, while nutrient 
concentration in the leaf continue to increase. 

These authors however, cautions that under certain con- 
ditions when a-deficiency of nutrient is fairly severe, only 
.the upper half of the curve (C-shaped) Would be observed, 
and this will preseht a distorted picture of the nutrition 
of the plant. 

I .  

~ u x u r y  consumption 

~ r i  tical percentage 

Grams decrcrnenr from maximum yield' 

Figure 6.2 Cuvz described by Macy to show the relationship between yield and the nuttitnt 
centent of lzaf 



Increase in concentratibn of nutrien~ in leaf 

Figure 6 3 The S.shzpsd curve to sllow the re!ationship between yield and nutrient content of leaf. 



Yield (kg copralha) 

Figure 6.4 Th- C-shaped curve to show thz relationship bztween yield and sulphur c o n t e l  of leaf 
in coconut palms 



In a recent study on the sulphu~ nutrition of coconut 
palms, De Silva et dl* obtained a Gshaped curve resemb- 
ling the one described by Steenbjerg and Jacobsoml (See 
Figure 6.4). 

However, these workers were able to make use' of this 
curve to detect a nutritional disorder of particular 
importance, to the coconut industry. 

6 .7  Diagnosis ana 3 correction of nutrient deficiencies 

A plant is said to be deficient in a nutrient, if restoration of its 
supply causes an increase in yield. It should of course be a 
specific response to the particular element concerned. A deficiency 
of an essential nutrient generally causes initially a lowering of the 
yield, without any other visual symptoms, Depending on the 
type of plant this phase may remain unnoticed for many years 
before any visual symptoms could occur. It is interesting to note 

.. that visual symptoms of deficiency are quite characteristic of the 
plant species, and when accurately described could be used to 
detect deficiencies. In general, the ap2earance of visual sysmptoms 
normally occur when the magnitude of the disorder is fairly large. 
,It is therefore obvious that a simple and easy method must be 
devised to detect a deficiency long before the appearance visual 
symptoms. .. 
One of the most useful methods of detecting nutrient deficiencies 
is through leaf analysis (foliar diagnosis). In this. procedure 
initially a study is carried out to determined the effect of various 
factors on the concentration of nutrients in the leaf. ,Among the 
common factors, which could have such effects are the following: 
(a) leaf maturity and position, (b)season and time of sampling, 
and (c) nutrient availability. 
. . 

The effect offactors (a) and (b) are investigated by means of simple 
observation trials** while the factor (c) is studied by means of 

*M. A. T. de Silva et a l . ' ~ h e  Sulphur nutrition of coconut. Expl. Agric. 13,265 - 27 
(1977). 
M. A. T. de Silva. Micronutrients in the nutrition of coconut - I Methods and 
Preliminary investigations. Ceylon Cocon. Q. 25, 116-127 (1974) 



, carefully lajd out fertilizer experiments combined -with investi- 
gations involving soil and leaf amlysis. By this means average 
leaf nutrient Levels are determined which could be-used to detect 
any deficiencies. A particular advantage in leaf analysis as a 
diagnostic tool is that not only deficiencies, but also other nutrient 
disorders such as, interactions could be detected. 

Although the leaf has been the most important plant tissue for 
nutritional studies, it has to be recognised that for certain specific 
problems, other. plant organs have been more useful than the leaf. 
Thus in the case of coconut plantations again, the liquid endosperm. 
(coconut water) of the fruit has been used very sucsessfully as a 
rapid method of diagnosing potassium and pho;phon;us deficien;ie;. 
A concentration of 0.2 per cent K,O and 100 mg per litre of P,O, 
are considered critical values for potassium and phosphorus 
respectively in coconut water* 

. , 
In this diagnostic procedure it has been possible to estimate 
potassium and phosphorus contents within a few hours of collection 
of sample, using simple chemical methods. 

Apart from observations of visual symptoms and foliar diagnostic 
methods, the techniques of foliar sprays have been used successf~~lly 
to detect and identify nutrient deficiencies. Correction of disorders 
through regular foliar sprays have been successful with, annual 
and certain perenial plant species, but oil tree crops foliar sprays 
can ody be used for diagnostic purposes. .This was amply 
demonstrated in coconut plantations when serious attempts were 
made to correct magnesium deficiency by application of foliar 
sprays at fortnightly intervaIs**. Corrective measulies in most 
cases are effective only through the application of requisite quantities 
of fertilizers. ' 

-- 
*M. L M. Salgado et a1 The phosphate content of coconut water in relation 
to phosphate avaiiability and phosphate response Proc. Ceyldn Associ. Adv. Sci. 
Part 1. (1956) 

**D, A, Nethsinghe et a!, Diagnosis and correction of magnesium deficiency in 
coconut palms Proc. C~lon Associ. Adu. Sn'. Part I 16-17 (1962) 
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