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" It would seem unlikely th at with an y o ther cr op ha ve results with fer t ilise rs 

istantiella been so unsat isfact ory or so u np redictable as wit h co coa" , ( 12). T he problem 
·s. 50, 13. remains-how best to de ter m ine the fertiliser requi rements for o ptim um yield. 
sccricidcs lt will be a ppre cia ted tha t only a fra ction of the wo rld's cocoa cr op o f nearly 

o ne-a nd-a- ha lf m illio n to ns" rece ives an y fe r t iliser what soever. It has been 
es tima ted (2) tha t every ton o f beans ha s removed from t he so il on wh ich the 
tre es a re gro wing some 48 lb . of n itrogen, 12 lb. o f ph osphorus and 40 lb. of 
pot assium . This mea ns t hat th e wo rld crop is removi ng an nu a lly from the soi l 
so me 37,000 to ns of n it rogen, 9,000 tons of phos pho rus an d 31,000 tons of 
pot assium. And of cou rse , as fert iliser , these figur es wou ld be increased 
accordin g to t he proport ion of the ele me nt present. T ha t is to say, the requi re­
ment of n itrogen as ammoniu m s ulphate is in the region of 185 ,000 ton s. A nd 
th is takes no accou nt of the content o f the pod she lls whic h ma yor may not be 
left in the field . These have a pa rt icula rly high conten t of potassium. 

Cocoa is usuall y es ta blish ed in new la nd taken out o f for es t , a nd it benefits 
from t he year s of accu m ulated o rga n ic matter a nd lea f litter. On some youn g, 
im ma ture so ils breakdown of the pa rent rock wi ll a lso re lease new sou rces o f 
nu trien ts . H owever, in the course o f t ime t he co ns ta n t loss of nu tr ien ts m ust 
be made good , an d thi s applies mo re part icu larl y to lan d where co coa is being 
repl a nt ed . Pr o blems a r ise when it is necessary to know wha t fe rt ilise r to apply 
an d how much . 

In an article o n " Ho w usefu l is soi l chemi cal ana lys is ?" published in a 
previou s issue of t he Bulle t in, A. .I. Smyt h ( 13) has dea lt wit h the p roblems of 
in te rp re t ing so il ana lysis data in rela tion to co coa nutr it ion . As he po ints o ut, 
so il an aly sis can give on ly par tial a nswers to the fe rti liser needs o f the c rop, a nd 
he mentions the need for o th er techniqu es a nd in pa rt icu lar th e ana lysis of th e 
plant itsel f. Thi s may consist of sa m ples o f e ithe r lea ves, ba rk o r roots, bu t, 
in general, efforts are concen tra ted on analys is o f the lea ves . 

Althou gh so il a na lys is can measure the nut r ient conten t, it often ca nno t 
estima te ava ilability of these nutr ients no r ca n it tell j us t wha t nutrients the plant 
wi ll abso rb . A n exam ple lies with iron nut ri t ion . Even though th e re may be 
n o shortage of iro n in a part icular soi l, if th e p H is above 7, i.e . the soi l is 
a lka line , cocoa will show the str iking sym ptom of iron ch lo rosis beca use the 
iron is no t ava ila ble to the pla nt. T he basic idea behind the use of lea f a nal ys is 
is to use the p lan t itself as a gu ide to what it is getting from the soil. 

A con side ra ble range of lite ra tu re exis ts on tec hniques fo r lea f ana lysis for a 
wide r a nge of c ro ps . Di fferent sys tems o f int erpret at ion of result s have been 
worked o ut but in its sim ples t fo rm the result s of the ana lyses o f the nu trie nts 
in the lea f a re co m pared with stan dards . T hus, if it has been esta blished 
expe rimenta lly th at t he stan da rd level o f n itr ogen in a lea f for o ptim um gro wth 
is 2 pe r cen t o f the d ry m atter con tent , ana lyses showi ng levels lo wer tha n thi s 

* Tons referred to in this paragraph are sha n tons (2,000 lb.), 
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would indi cat e the need 1'0 1' fertil ising with n itr ogen. In practi ce thi ngs a re n ot 
so sim ple. 

Before deal ing with the establishment of standards , a n outline o f the technique 
will be give n a nd then the pro blem s invol ved in using the technique. 

Technique of leaf analysis 
Leaves a re selected from the tre e and o ven dri ed a t 100°C. 1'01' 24 hours. The 
dr y leaf m aterial is th en gro und to a pow der in a hammer mill a nd is read y 1'01' 

Tak ing leafsamp les. c hemica l a nalysi s. 
In gene ra l, micr o-methods o f ana lysis are e mployed to sa ve on the a mo unt 

o f lea f materi al requ ire d. Details o f the meth od s used ca n be rea di ly found in 
th e lite ra tur e. In a large lab o rato ry handling hu ndred s o f sa m ples the 
procedu res are rout ine, a nd most techniques e m ploy col orimetric determinati on s 
for speed o f final asse ssm en t. Leaves a re usuall y a na lysed for ash , nit rogen (N), 
ph osph orus (1') , potassium (K) , calcium (Ca ) and magn esium (M g), a ll expressed 
as a per centage o f th e d ry weig ht o f leaf po wder. In parti cul ar insta nces the 
a na lysis ma y be ca rried a stage furt he r to cover the min or elements . Becau se 
of the small q ua nt it ies o f these nut rien ts in th e leaf, copper, for exa mple, in a 
cocoa leaf is o nly fou nd at a level of ten parts in a millio n, the methods a re 
difficult and usua lly involve spect roscopy . In gene ra l, there for e, in spe aking o f 
leaf a nalys is o nly the major elements a re cons ide red . 

Practical application 
It is o bv io usly important in ta kin g leaf sa m ples th at they should be compa rable, 
i.e . be o f the sa me a ge, co me from the same part of th e tree, etc . Thi s is easy 
in rnon oc ot s like th e bana na o r suga r cane, whe re the thi rd o pe n leaf is specific 
fo r each plant. In a tree c ro p, ma tt e rs a re more difficul t. 

Referring to Fig . I , th e reas on fo r precision in rega rd to a ge o f lea f is sho wn 
diagrammati call y. In a yo ung cocoa leaf th e level s o f N, P, a nd K ar e high a nd 

Using a torsion balance. diminis h with increasing ag e. On t he o the r hand , levels o f Ca a nd Mg increas e 
with a ge. Th is is a physiological fact and mea ns th at eve n on the sam e bran ch 
on e lea f may show a low level o f K as com pa red with ano the r leaf merely becau se 
it is older a nd not beca use it is deficie nt in K. 

The habit o f growth of co co a by flush es does not help with the problem but 
doe s se rve as so me gu ide in relation to time o f sa m pling . Leaf sa m ples ma y be 
specified as coming from the seco nd a nd third lea ves of flushes which ha ve j ust 
hard en ed. A mo re precise method is to date the flus hes as they expan d and 
sample five o r six weeks lat er, but this incre ase s the time a nd labour req uire d . 

O nly pa ssing mention will be ma de o f the effect of season a nd pos itio n on the 

.. tr ee , so me of th e most recent work being th at of Acqu aye ( I). T hese p roblems 
are common to most tr ee c ro ps. 

There is one pr obl em , how eve r, that is associ ated with c rop s such as cocoa, 
co ffee and pe rh ap s tea, grow n und er sh ad e , Lig ht int en s ity affects the levels o f 
nutri en ts in the lea f, part icula rly th at o f po tassium. As sh own diagrammaticall y 
in Fig. 2, sa m ples o f lea ves from tr ees grow n under identical so il conditions will 
sh o w high er levels o f nutrients whe n the tre es are s haded as compa red wit h whe n 
th ey are unsh ad ed . Thi s has led the write r to s ugges t th at s had e and nutri ents 

Lear analysis in the labora torv, a re in so me ways inte rchan gea ble, th at is to say, lo w levels in th e leaf may be 
correct ed eit he r by applying fertili ser or by increasi ng shad e . Light int en s ity 
o f co urse has imp ortan t effects o n yield as well. 

2() 27 



N 

0: 
w 
l-
I­
<! 

2 I p 
>­
0: 
0 

~ 
(f) 

<! 
I­
Z 
w 
a: 
I­
::.l 

Z I 
Ca-
Mg 

0: 
w 
l­
I­
<! 
2 
>­
0: 
o 

*(f) 
<! 
I­
Z 
w 
a: 
I­
::.l 
Z 

K 

Fi!l 1 

Effect of age of leaf on con tent 
01 N, P, K . c s, M g as oercent 
dry metter (diagrammati c) . 

AGE OF LEA F ­ WEEK S 

Fig 2 

Effect of li ght int ensity on leaf 
con tent of N and K (di agram­
mati c ). 

LIGH T INTENS ITY - - • 
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Leaf analy sis for cocoa 
Hard y (' I. al . (6) sampled leav es f ro m te rm ina l shoots wh ich had jus t har dene d 
and were turnin g g ree n in a fertil iser experiment a t Ri ver Estate , Trinidad . 
U sin g the va lues found fo r the diffe ren t ferti l iser pl o ts, th ey sta ted that a close 
re lati on sh ip ex iste d between lea f co mpos it io n and y ield, high y ield bein g asso ­
c iated with a high K con te nt relati ve to Nand P a nd a lo w P con tent re lati ve to 
N a nd K . In st ead of usin g th e indi vidual levels of N, P an d K th ey exp resse d 
th eir result s as rat ios a nd gave as o pti mu m ra t ios ( I) N /P ,O, =4.66 : (2) N /K ,O= 
0.89 an d (3) K ,O/P ,O:,= 5.2 1. They indica ted tha t in th is particu lar tria l high 
yields were associated wi th these va lues of th e ra t ios and that de pa rtures from 
the m result ed in lo we r yields . Th is wou ld imply th at co rrec t io ns of th e a d ve rse 
ra ti os by th e use of fertilise rs wo uld inc rease yie ld . 

Lat er Mu rr a y (I I), wh ile showing t he effec t of shade on leve ls of lea f nutrien ts , 
fo u nd that Hardy 's " idea l" va lues for the ra ti os d id n ot apply o n o t he r s ites . 
An d at mu ch th e sa me ti me Fennah (5) showed th at a difference o f 0 .1 in the 
N / K ,O ra ti o , whi ch H a rdy had ind icated a s d ist ingu ishi ng a high -yie ldin g fro m 
a lo w-y iel d ing t ree , co uld oc cur th roug h a n a ge difference in th e leaf o f o nly a 
wee k or two . 

Jones ct . al. (7) , a s a res u lt of the s uccess fu l appli ca ti on o f cro p lo ggi ng, wh ich 
inc lud ed lea f a na lys is, to s ugar can e undertook a s imi lar pr ogr amme in a no the r 
fcr t ilise r t r ial a t R ive r Est at e. Dea ling wit h the re sults, M a liph a n t (9) demon­
s t ra ted t he d iffere nce d ue to season an d sha de and fo un d co rre la tio ns be tween 
y ield and N ip ,O" ratios . T hese latte r, however, va r ied wi th season a nd we re 
of litt le pr actica l value . 

Ma c hicad o and H avord ( 10) app lied t he tech n iq ue in Cos ta Ri ca bu t ra n into 
simi la r p ro blems o f sam ple a nd seasona l va r ia t io n . In Gh an a, Burrid ge (' I . 01. (3) , 
sa m pling eve ry fo ur weeks, have shown the cha nges in n ut rien ts with season 
a nd d ra wn attention to the fal l in Na nd P in the leaves whe n the cro p was 
developin g. In ad d it io n to the major e leme nts they a lso d id ana lyses for th e 
m inor eleme nts . Lo ue (8) has done lea f a na lys is in th e Ivo ry Coas t a nd shown 
wid esp read de ficienc ies o f P a nd K in the field . 

Desp ite t hc wo rk th at ha s been do ne , th e techniqu e rema ins of o n ly lim ited 
va lue in pla nn ing fer t iliser usage. If a mar ked defi c ien cy exists, th e lo w levels 
in th e lea f wi ll over ride pr oblems o f sampling and ind icat e th e type o f fert ilise r 
required to correct th e de fic iency . In the more no rm a l range, however, the 
techniqu e Jac ks preci sion . It has been su ggested tha t us ing lea f analysis is like 
tr ying to s how the d iffere nce bet ween a ca rt -ho rse a nd a race -h orse by ta k ing 
bloo d sa m ples : A ccepti ng the various limitat io ns of t he tec hnique , M u rray ( 12) 
has g ive n the fo llow ing tab le fo r normal leve ls in the leaf, low level s whe re 
gro wth is a ffec ted but visua l sy m pto ms do not appear, a nd defic ien t w he re visua l 
sy mpto ms w ill be see n, 

Nutrient I Defici ent Low Norm al 

N 1-80 1'80- 2 00 2·00 

P 0'13 0 13-020 0·20 

K 1'20 1,20- 2,00 2 00 

Ca 030 0'30-0 40 0·40 

Mg 
I 

0450 20 0,20-0 ,45 
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Conclusions 
Clearly, as with soi l ana lys is, lea f ana lysi s is not the fina l a ns we r to determining 
t he nut rient req uire me nts o f cocoa. As Smyth has sa id , there isno sa t isfac to ry 
s ubs t itu te for fie ld ex pe r imen ta t io n to es ta blis h th e fer t ilise r req ui rement s o f 
cocoa . Eve n thi s, ho wever, presents d ifficult ies. For a field experi me n t to 
give re liable resu lts it need s careful pla nn ing, a la rge acreage o f un ifo rm cocoa, 
t ra ined staff a nd a conside ra ble e xpe nd itu re of t ime , money an d effort. A nd the 
results on ly a pply to th e pa rticula r area, so th at considerab le ca ut io n m us t be 
exercised in a ttemptin g to a pply th e res ults elsewhere. 

Wh at , th en, is the answer to th e nut ritio nal p ro blems o f cocoa ? In a new 
area, so il a nalys is will give ge ne ra l ind ica t ions of marked defic iencies a nd sho uld 
in clu de th e m ino r elements . Le a f a na lysis wi ll give confirma tion, and co nsi der ­
ab le va lue shou ld be placed o n visual symptoms. T hus, in Ec uador, T oll enaa r ( 14) 
fo und visua l symp toms of bo ron deficien cy in cocoa in new areas of land before 
a ny a na lyses were done . Symptoms of iro n deficiency a re so obvious th at no 
o ther confirma tio n is necessary. 

Leaf a na lysis will distingui sh between v isua l sy m pto ms whic h are ra th er 
sim ila r, i.e . potass ium defic iency a nd c hlor ide toxicit y . T h is ma y be done by 
th e sim pler techniqu e o f t issu e tes t ing . No rm al chemica l lea f a na lys is is 
expensi ve a nd time-consuming. In t issue testing the lea f t issue is chop ped 
in to fine p ieces and ex t ra cte d wit h M organ 's reagent. Ve ry sim ple co lo r imet ric 
test s a re done o n th e ext rac t, a nd w hile lack ing th e precision o f p roper 
a na lysis ca n give prel imina ry indica t ions o f not on ly defi c ienc ies bu t to xic ities 
in th e cr o p. 

In con clus ion, it m ust be s t ressed that m ine ra l nu tr it ion is o nly pa rt of th e 
pla nt' s req uire ment for opti mu m gr owth a nd yield . It is no t a lwa ys sufficien tly 
a pprec ia ted th at th e most im po rta nt so il nut rient is wa te r a nd th at when wa ter 
s t ress occurs this will o ve rride fe rtiliser a pp lica t io ns. Knowledge is slo wly 
be ing ga in ed o f th e ph ys iol ogy o f th e tr ee , a nd leaf a na lysis , th o ugh no t ye t 
sa t isfac to ry as a sing le practica l tool , is one of many approac hes to th e p ro ble ms 
o f ho w best to ach ieve high y ields. 
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