
PHOSPHORUS FERTILIZERS FOR 
PLANTATION CROPS 
By D . J . H A L L I D A Y & J . B. S Y L V E S T E R , 

Jea/ott's Hill Research Station, Bracknell, Berks. 

' H E use of b o n e s , fish and the d u n g of b i rds as fertilizers is an ancient agr icul tural pract ice , 

d a t i n g back at least t w o thousand years. N o t unt i l t he end of the e igh teen th century, h o w ­

ever, was it realised that the manur ia l va lue of these materials lay in the p h o s p h o r u s they con­

t a i n e d — p h o s p h o r u s , t he " l i g h t - b e a r e r , " d i scovered and n a m e d by H e n n i g B r a n d t in 1669 after 

the way i t g l o w e d in the dark , and later identified as an e lement by A n t o i n e Lavois ier . 

I n 1842, a m e m o r a b l e da te in agr icul tura l h is tory , J o h n Benne t t Lawes , the founder of R o t h a m -

sted Exper imen ta l Sta t ion, a n d Sir J ames Mur ray , of Dub l in , w e r e g ran ted pa ten ts for " chemic­

ally d e c o m p o s i n g , for pu rposes of m a n u r e , by means of su lphur ic acid, bones , bone-ash o r b o n e 

d u s t o r apat i te o r p h o s p h o r i t e o r any o the r subs tance con ta in ing p h o s p h o r i c ac id . " Lawes later 

b o u g h t o u t M u r r a y and amended his pa t en t t o cover only minera l phospha t e s as h e could no t 

claim nove l ty for the t r ea tment of bones . T h u s began the w o r l d ' s ino rgan ic fertilizer indus t ry . 

T h e pr incipal p h o s p h o r u s fertilizers used today are supe rphospha te , basic slag, rock p h o s ­

pha t e and a m m o n i u m p h o s p h a t e . B o n e p roduc t s and g u a n o are still widely used. Before the 

1939-45 war , w o r l d o u t p u t of p h o s p h a t e rock was est imated at 13 mi l l ion tons , of wh ich 35 pe r 

cent , was p r o d u c e d in N o r t h Africa, 30 p e r cent, in the Uni ted States, 18 p e r cent , in the U.S.S.R. 

a n d 10 pe r cent , in the C o m m o n w e a l t h terr i tor ies of N a u r u a n d Ocean Is land, in the Pacific, and 

Chr is tmas Is land, off S ingapore . Since the war , o u t p u t has r isen t o 21 $• mil l ion tons (excluding 

the U.S.S.R. , for wh ich n o reliable figures are available) and , of this , the U.S .A. cont r ibutes n o 

less t h a n 11 mi l l ion tons . T w o main types of deposi t are d i s t i n g u i s h e d : firstly, the crystalline 

apat i tes w h i c h occur chiefly as ve ins o r in t rus ions in igneous rocks , notably in the Ko la Penin­

sular in t he U . S . S . R . ; and secondly, the a m o r p h o u s sedimentary deposi ts k n o w n as phosphor i t e , 

usually of mar ine or ig in and fo rmed f rom the d e c o m p o s i d o n ei ther of phospha t i c l imestones o r 

of animal remains , examples of wh ich occur in Flor ida , Tennessee a n d the wes te rn Uni ted States 

and in F rench M o r o c c o , Algeria , Tunis ia , E g y p t and the Pacific Is lands. 

Commercial Phosphorus Fertilizers 
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Table I 
Composition of Phosphate Rock: Typical Analyses ( f rom G r a y , A . N . , " P h o s p h a t e s a n d 

s u p e r p h o s p h a t e , " 2nd ed . , 1944, a n d W a g g a m a n , W . H . , " P h o s p h o r i c acid, p h o s p h a t e s a n d 
p h o s p h a t i c . fe r t i l i ze r ' , " zn ed. , 1952). 

P2O5 
(per cent.) 

K o l a apat i te : 30-i 
M o r o c c o ( K h o u r i b g a ) 35 -i 

„ Safi (Louis Gent i l ) 3 J - 9 
Alger ia , Cons tan t ine 30-6 
Tunis ia , Gafsa . . . . . . . . . 27 -6 to 30 -6 
E g y p t , Safaga 31-0 

„ Kosse i r 30-6 
I d a h o , U t a h , e tc . (h igh grade) 27-0 t o 36* 5 
Flor ida , l and pebb le 30 -o t o 34 -o 

„ ha rd r o c k 36-4 
„ soft . . . 25 *o t o 27 -o 

Tennesse , b r o w n . . . . . . 30 -o t o 38 -o 
„ b lue 27 -o t o 32 -o 

N a u r u 38-9 
Ocean Is land 40-3 
Chris tmas Is land 39-5 
Curacao 3 5 - 7 1 0 4 0 - 7 

A p a r t f rom the na tu re of the depos i t and the a m o u n t of p h o s p h o r u s it conta ins , the qual i ty 
of p h o s p h a t e r o c k d e p e n d s also u p o n its con t en t of iron and a lumin ium oxides and of fluorine, 
all of w h i c h t end t o reduce its availabili ty t o p lants and may require special processes for their 
r e m o v a l d u r i n g t he p repara t ion of manufac tu red fertilizers. T h e seller usually guarantees tha t 
t he i r on a n d a lumin ium oxides d o n o t exceed a certain figure, wh ich may va ry f rom 0-5 to 3 p e r 
cent , o r m o r e . T h e fluorine con ten t , t o o , usually lies be tween these l imits . 

I t is es t imated that some 80 pe r cent , of all p h o s p h a t e rock o u t p u t goes in to superphospha te . 
T h i s fertiliser is still made , as in L a w e s ' day, b y t rea t ing g r o u n d p h o s p h a t e rock wi th su lphur ic 
acid, b u t m o d e r n m e t h o d s and accurate mechanical mix ing ensure a un i fo rm p r o d u c t in far be t t e r 
physical cond i t i on than was obta inable a h u n d r e d years ago . T h e presen t p r o d u c t usually conta ins 
a b o u t 18 p e r cent , water -so luble P 2 0 6 . A h ighe r g rade , t e rmed tr iple supe rphospha te (somet imes 
k n o w n as " d o u b l e " o r " concen t ra ted " supe rphospha te ) , is m a d e by t rea t ing p h o s p h a t e rock 
w i t h p h o s p h o r i c , instead of su lphur ic acid, a n d may conta in nearly 50 pe r cent. P 2 O s . A n o t h e r 
va r ian t , recently deve loped in t he Uni ted K i n g d o m t h o u g h no t at present commercia l ly p r o d u c e d 
there is ob ta ined by subs t i tu t ing nitr ic acid for su lphur ic a c i d ; the resul t ing p roduc t , after r emova l 
o f calc ium ni t ra te b y t rea tment w i t h a m m o n i a a n d a m m o n i u m sulphate , be ing k n o w n as n i t ro -
p h o s p h a t e . A typical analysis is 13-8 pe r cent. N and 13-8 pe r cent, to ta l P 2 0 5 (13 -o pe r cent , 
so luble in 2 pe r cent .citric acid and 4-5 pe r cent , soluble in water ) . Al te rna t ive processes have 
been deve loped in France , the Ne the r l ands and the Uni ted States. Ye t ano the r var iant , d icalc ium 
p h o s p h a t e , con ta in ing a b o u t 40 pe r cent . P 2 O f ( soluble in neutra l a m m o n i u m citrate so lu t ion , i s 

- manufac tu red in certain par t s of the wor ld by t rea t ing phospha te rock wi th hydroch lor ic acid, 
ob ta ined as a by -p roduc t in the p repa ra t ion of sulphate of po tash , and then precipi ta t ing the d is ­
so lved phospha t e , 
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After superphospha te , the second mos t impor t an t p h o s p h o r u s fertilizer is basic slag, a by­
p r o d u c t i n the manufac ture of steel f rom p ig i ron by the Bessemer (Gi lchr i s t -Thomas) process 
o r b y the o p e n hea r th process . I n b o t h cases p h o s p h o r u s , w h i c h occurs as p h o s p h i d e impur i ty 
in p ig i ron , is r e m o v e d by oxida t ion at a h i g h t empera tu re in the presence of l ime o r o the r basic 
materials h a v i n g a s t r o n g affinity for the resul tant P 2 0 6 . I n the former process , w h i c h in many 
count r ies has been superseded, a cur ren t of air is b l o w n t h r o u g h the mol ten mass a n d the h i g h 
t empera tu re requ i red is ob ta ined from the combus t ion of silicon, carbon a n d p h o s p h o r u s conta ined 
in the m e t a l ; an o re r ich in p h o s p h o r u s is therefore desirable. I n the lat ter process , the heat 
requi red is largely der ived f rom an ou ts ide source a n d the presence of p h o s p h o r u s is n o t on ly un ­
necessary b u t u n d e s i r a b l e ; moreove r , the emp loymen t of fluorspar as a flux may conver t wha t ­
ever p h o s p h o r u s is p resen t i n to an insoluble form. T h u s we may differentiate : ( i ) h igh soluble , 
h igh-g rade Bessemer slags conta in ing perhaps 18 pe r cent, total P 2 O f ) and 15-16 pe r cent. P 2 O f , 
$oluble in 2 pe r cent , citric acid (i.e., nearly nine- tenths of the total P 2 0 5 is ci tr ic-soluble): (2) h igh -
soluble , l ow- o r med ium-grade o p e n hea r th slags conta in ing , say, 8 to 10 p e r c e n t , t o t a l P 2 O s , of 
w h i c h ove r four-fifths may be ci tr ic-soluble, a n d (3) low-soluble , low- o r m e d i u m - g r a d e o p e n hea r th 
slags con ta in ing the same total a m o u n t of P 2 0 5 , b u t of which , o w i n g t o t rea tment w i t h fluorspar, 
less than two-fifths is citr ic-soluble. As well as p h o s p h o r u s , basic slags conta in 40-50 pe r cent . 
C a O in var ious forms of combina t i on a n d it is usually r eckoned as a r o u g h gu ide that their l iming 
value is equal to a b o u t two- th i rds of their we igh t in chalk o r l imestone . 

O f the total w o r l d p r o d u c t i o n of p h o s p h a t e rock, i t is es t imated that some 10 p e r cent, is 
finely g r o u n d for direct appl icat ion to the soil as a fertilizer. I t s effectiveness varies great ly wi th 
the source of the material , fineness of g r ind ing , c rop , soil, c l imate, etc. Care should be taken in 
purchas ing as some kinds appear to be complete ly valueless for direct use . 

M o n o - a m m o n i u m phospha t e , con ta in ing in its p u r e state 61 -7 pe r cent, water -so luble P 2 O r , 
and 12 -2 p e r cent. N , a n d commercia l ly a b o u t 50-54 pe r cent. P 2 0 5 and 12 per cent. N , is an im­
por t an t ingredient of concent ra ted c o m p o u n d fertibzers. I t is m a d e ei ther b y t rea t ing phospha t e 
rock w i t h su lphur ic acid a n d a m m o n i u m sulphate o r by react ing p h o s p h o r i c acid w i t h ammon ia . 
D i - a m m o n i u m phospha te , con ta in ing in its p u r e state 53 -4 pe r cent. P 2 0 5 a n d 21-1 pe r cent . N , 
is also used as an ingredient of concent ra ted fertilizers. A m m o n i a t e d superphospha te is p repa red 
by t rea t ing ord inary superphospha te wi th aqueous o r a n h y d r o u s a m m o n i a o r w i t h ammoniaca l 
so lu t ions con ta in ing a m m o n i u m ni t ra te o r u r e a ; u p to 3 p e r cent, of a m m o n i a o n the we igh t of 
supe rphospha te may b e a d d e d w i t h o u t appreciably reduc ing p h o s p h o r u s " availabil i ty," as deter­
m i n e d by solubil i ty in 2 p e r cent, citric acid o r neu t ra l a m m o n i u m citrate s o l u t i o n ; triple super ­
p h o s p h a t e a n d ord inary c o m p o u n d fertilizers may be t reated in the same way. O t h e r p h o s p h o r u s 
fertilizers are ob ta ined by calcining o r fusing p h o s p h a t e rock wi th materials such as l ime, silica 
and soda ash. Examples are Rhenania p h o s p h a t e (25-30 p e r c e n t . P 2 0 5 ) , silico p h o s p h a t e (20-35 
pe r cent. P 2 0 - ) , calcium m a g n e s i u m phospha t e (about 22 pe r cent. P 2 0 5 ) , fused tricalcium p h o s ­
pha te (26-30 pe r cent . P 2 0 5 ) a n d defluorinated phospha te rock (about 20 per cent. P 2 0 5 ) . A b o u t 
n ihe- tenths of the p h o s p h o r u s in these fertilizers is soluble in 2 pe r cent , citric acid. Fused cal­
c ium me taphospha te (about 64 pe r cent. P 2 0 5 ) i s p r o d u c e d at a somewha t lower t empera ture (1,000-
i,200°C) by reacting p h o s p h a t e rock w i t h p h o s p h o r u s pen tox ide . Near ly all the p h o s p h o r u s in 
this fertilizer is soluble in neutra l a m m o n i u m citrate solut ion, b u t less than one-quar te r in 2 pe r 
cent , ci tr ic acid. 

T h e pr incipal b o n e - p r o d u c t s available as fertilizers are b o n e meal a n d s teamed b o n e flour. 
T h e y are b o t h s low-act ing. T h e former conta ins 3-4 pe r cent. N and 20-24 pe r cent . P 2 0 5 , and is 
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obta ined by g r i n d i n g bones f rom wh ich the fat has been extracted for sale as ta l low o r for use in 
soap-mak ing . T h e lat ter contains a b o u t 27 p e r cent . P 2 0 5 b u t only 1 pe r cent. N , and is ob ta ined 
as a by -p roduc t of gelat ine and g lue manufac tu re after s teaming bones at h i g h p r e s s u r e ; o w i n g 
to t he r e m o v a l o f t he cart i lage, it can be g r o u n d to a m u c h finer p o w d e r than b o n e meal . R a w 
b o n e s conta in some 7-10 p e r cent . P 2 O s and b o n e ash 30-40 p e r cent . P 2 0 5 . 

T h e t e r m " g u a n o " strictly relates t o the sun-dr ied excreta of sea b i rds bu t it has been ex tended 
to inc lude t he excreta of bats a n d also, u n d e r t he names " fish g u a n o " and " meat g u a n o , " dr ied 
a n d g r o u n d fish a n d s laughter h o u s e wastes . T h e t rue g u a n o m a y conta in any th ing f rom 9 to 
as m u c h as 36 pe r cent . P 2 0 5 , a n d fish a n d meat g u a n o from 1 t o 14 pe r cent. P 2 0 5 , as well as 
n i t rogen . 

Evaluation of Phosphorus Fertilizers 
I n the fo rego ing pa rag raphs the p h o s p h o r u s con t en t of fertilizers has been expressed var ious ly 

in t e rms of to ta l , water-soluble , citr ic-soluble and ci trate-soluble P 2 0 5 . E lsewhere the p h o s p h o r u s 
con t en t m a y be expressed in t e rms of the e lement P o r tr icalcium p h o s p h a t e C a 3 ( P 0 4 ) 2 ( t r i -basic 
p h o s p h a t e of l ime) . T h e appropr ia t e convers ion factors are : 

T o conve r t P t o P 2 O s , mul t ip ly by 2 -289 
T o c o n v e r t P 2 O s t o P , mul t ip ly by o -437 
T o conve r t C a 3 ( P 0 4 ) 2 to P 2 0 5 , mul t iply by 0-458 
T o conver t P 2 0 5 t o C a 3 ( P 0 4 ) 2 , mul t ip ly by 2 -185. 

T h e solubil i ty is g iven as a r o u g h indicat ion of the " availability " of t he p h o s p h o r u s t o p lan t s 
a n d , w h e n officially declared by t he manufac turer , p rov ides the purchaser wi th a guaran tee of 
quali ty. In genera l , water-solubi l i ty indicates p h o s p h o r u s tha t is readily available to p l a n t s ; so lu­
bil i ty in 2 pe r cent , citric acid o r in neu t ra l a m m o n i u m citrate so lu t ion indicates p h o s p h o r u s tha t 
is modera te ly available t o p lants , or , pe rhaps , u n d e r certain cond i t ions , just as readi ly available 
as p h o s p h o r u s in t he water-soluble f o r m ; and insolubil i ty in any of these solvents , p h o s p h o r u s 
tha t may b e difficulty o r only very s lowly available to p lants . These are necessarily general izat ions 
as p h o s p h o r u s in o n e fo rm may be available t o o n e p lan t species and n o t to a n o t h e r ; whi le mix­
tu re w i t h t he soil m a y rapidly change a soluble in to an insoluble form. Never the less they d o g ive 
a qu i ck m e t h o d of es t imat ing the relative mer i ts of different fertilizers and p rov ide a ready means 
of m a k i n g cos t c o m p a r i s o n s ; the water -so luble p h o s p h o r u s in superphospha te fetching pe rhaps 
d o u b l e t he pr ice of insoluble p h o s p h o r u s in phospha t e rock", w i t h citr ic-soluble p h o s p h o r u s i n 
basic s lag occupy ing a n in te rmedia te pos i t ion . 

Uptake of Phosphorus by Plants 
P h o s p h o r u s is of major impor t ance t o p lants t h r o u g h o u t their g r o w t h . I t is a cons t i tuen t 

of nucleic acid, wh ich occurs in all l iv ing cells. C o m p o u n d s of p h o s p h o r u s are concerned w i t h 
t h e processes of respira t ion and w i t h the efficient funct ioning a n d uti l izat ion of n i t rogen . I t is 
also of special significance in r o o t deve lopmen t and the ripening of seeds and fruits. Charac te r ­
istic s y m p t o m s of p h o s p h o r u s deficiency include s tun ted g r o w t h , delayed r ipening , p o o r frui t ing, 
p o o r r o o t g r o w t h and dul l b luish-green leaf co lour wi th pu rp l e t in t ing . F ru i t f rom p h o s p h o r u s 
deficient p lants is usually ra ther soft and acid in flavour and its keep ing qual i ty poor . T h e a m o u n t 
o f p h o s p h o r u s taken u p by (healthy) annua l c r o p p l a n t s is indicated in Table I I . T h e gross u p ­
take a n d ne t annual r emova l in the harves ted p o r t i o n of certain p lanta t ion crops is indica ted i n 
T a b l e I I I . I n genera l , the up t ake of P 2 O s is appreciably smaller than that of N o r K 2 0 , l y i n g 
b e t w e e n one-fifth and, one-half of those a m o u n t s . 
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C r o p 

W h e a t 
Barley-
Oa t s 
Maize 
Rice 
Peas 

Table II 
Phosphorus uptake by certain annual crops (assuming average yields) 

P 5 O s u p t a k e „ P 2 0 5 up take 
( lb . /acre) P ( lb . /acre) 

. . . 20 Beans 40 
2 3 
2 5 
35 
20 

35 

Sugar beet 
Carro ts . . . 
Po ta toes . . . 
T o m a t o e s 
Cabbages 

5° 
40 
50 
25 
65 

Table III 
Phosphorus taken up and removed annually in produce from certain Plantation crops 

C r o p 

Bananas 
Coconu t s 
Cof fee . . . 
Sugar cane 
Tea ... 

Gros s P 2 O s up t a ke P 2 O s r e m o v e d 
(lb. /acre) (lb. /acre) 

55 

40 

65 

3° 
3° 
10 

50 
12 

P o r t i o n taken in to account 

Frui t , one- th i rd of stalk and leaves. 
N u t s , leaves a n d inflorescences. 
Leaves a n d cherries. 
Millable cane a n d green tops . 
P lucked shoots . 

I n t he case of p lan ta t ion c rops , the total a m o u n t t aken u p will be considerably greater than 
the a m o u n t r e m o v e d in the harves ted p o r t i o n a n d the actual ne t r emova l will d e p e n d u p o n manage­
m e n t a n d h o w m u c h waste is re turned to the soil. T h e roo t s , t r u n k and branches of a r u b b e r 
t ree , for example , wil l con ta in ve ry m u c h m o r e p h o s p h o r u s than is p resen t in the latex ; of some 
40 o r m o r e lb . P 2 0 5 p e r acre taken u p each year, n o t m u c h m o r e than 1 lb . will be r e m o v e d in 
the latex and , a l t h o u g h par t of the remainder may g o back to t he soil w h e n the leaves fall, the 
res t will n o t r e tu rn un t i l trees d ie and the t r unks and branches r o t (if they are sold for f irewood it 
neve r will r e tu rn !). • 

Principles of Phosphorus Manuring 
T h e figures g iven a b o v e relate to p h o s p h o r u s uptake by the p lan t and removal in p roduce . 

I n es t imat ing fertilizer requirements several o the r factors m u s t be t aken in to account . First ly, the 
minera l cons t i tuents of p lants , inc luding p h o s p h o r u s , are n o t de r ived solely f rom fertilizers, which 
merely supp lement t he soil 's resources . Secondly, as has already been ment ioned , the inter­
act ion be tween fertilizer and soil (part icularly acid soils and those wh ich are rich in i ron o r alu­
m i n i u m ) m a y r educe the availability of fertilizer p h o s p h o r u s t o the p lan t . I n practice, the effi­
ciency of p h o s p h o r u s fertilizers, as measured by the p r o p o r t i o n of fertilizer p h o s p h o r u s that finds 
its way in to the p lan t in the first season o r t w o , is se ldom m o r e than 10-20 pe r cent. I n o the r w o r d s , 
t o replace every 1 lb. of P 2 0 5 r e m o v e d in the c r o p it is necessary to apply at least 5 l b . of P 2 O n in 
fertilizers. If the p h o s p h o r u s is needed quickly a n d the soil is n o t o n e that " fixes " applied p h o s ­
p h o r u s t o o rapidly, t h e n fertilizers w i t h a h i g h degree of water-solubi l i ty , such as superphospha te 
o r m o n o - a m m o n i u m phospha t e , may b e used. If the p h o s p h o r u s requ i rement is spread over a 
l o n g pe r iod o r condi t ions are such tha t there is n o part icular advan tage in us ing water-soluble 
fertilizers, t hen the less so luble ma te r i a l s , such as basic slag, g r o u n d rock p h o s p h a t e o r b o n e p r o ­
duc t s , m a y be m o r e profi table. Some e c o n o m y in fertilizer usage m a y be achieved by p lacement 
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of the fertilizer in b a n d s , drills o r m a n u r e circles exactly whe re it is needed , instead of sp read ing 
it b r o e d c a s t ; by us ing g ranu la r instead of p o w d e r e d materials , so as to minimize " fixation " by 
r educ ing the surface area tha t comes in to contac t w i t h the soil (this does n o t apply, of course , to 
fertilizers l ike bones a n d g r o u n d rock p h o s p h a t e that are already i n s o l u b l e ) ; and b y g iv ing smaller 
d ress ings of fertilizer every o n e o r t w o years instead of larger dressings every four o r five years . 
T h e r e is some evidence tha t con t inued applicat ions m a y have residual effects that last ove r m a n y 
years . 

Phosphorus Manuring of Plantation Crops 
I t is app ropr i a t e he re t o ins tance results p r o d u c e d by p h o s p h o r u s fertilizers o n coconu t s . 

T h e ma in exper iment of the Ceylon Coconu t Research Ins t i tu te , at Band i r ippuwa Esta te , has been 
car r ied o u t o n an area con ta in ing adequate reserves of p h o s p h o r u s and in n o year has the appli­
ca t ion of o n e o r t w o lb . P 2 0 - per pa lm given a response . T h e exper iments at Veyangoda a n d 
A h a n g a m a , o n the o the r hand , are sited o n soils wi th l ow reserves of p lan t food. U n d e r these 
cond i t i ons , t he applicat ion of only o -6 lb . P 2 O s (»'•*., * lb . rock phospha te ) pe r pa lm every o the r 
year has g iven dramat ic results. Tab le I V shows the increase in copra ob ta ined each year u p t o 
1945-46 ( w h e n the t rea tments w e r e changed) . 

Table IV 
Coconut Experiments : Yields of Copra (lbs./acre) 

Year Comple t e W i t h o u t Difference for 
Fert i l izer P h o s p h a t e " A p p l y i n g Phospha t e 

1939-40 553 490 63 
1940-41 627 562 65 
1941-42 998 809 189 
1942-43 1.073 744 329 
1943-44 1,096 774 322 
1944-45 1,287 828 459 
1945-46 1,115 763 352 

A s a result of these exper iments , the fo l lowing applicat ions are r e c o m m e n d e d for bear ing 
pa lms , once in every t w o years: o n loams , sandy loams a n d clay soils, o -6 lb . P 2 0 5 pe r p a l m ; a n d o n 
lateri tes, lateri t ic g rave l a n d w h i t e c innamon and coarse mar ine sands, o -75 lb . P 2 O s pe r pa lm. 
F o r y o u n g pa lms , an annua l appl icat ion, r is ing f rom 0-15 lb . P 2 O a i n the second o r th i rd year after 
p l a n t i n g to 0-35 l b . P 2 O 0 in the fifth year a n d thereafter un t i l flowering, is advised. I n every case 
these shou ld b e balanced by appropr ia te dress ings of po ta sh and n i t rogen . 

I n t he exper iments of the Tea Research Ins t i tu te , tea has s h o w n a substantial response to an­
n u a l dress ings of u p t o 30 lb . P 2 0 5 pe r acre. F o r o rd ina ry condi t ions an annua l appl icat ion o f 
20-30 l b . P 2 0 5 i s r e c o m m e n d e d , toge the r w i t h a similar a m o u n t of po ta sh and u p to 80 lb . n i t rogen 
p e r acre, d e p e n d i n g u p o n economic c i rcumstances and the cul tural state of the tea bushes . 

F o r rubbe r , t he R u b b e r Research Ins t i tu te r e c o m m e n d s an annua l dress ing r is ing f rom o -i 
l b . P 2 0 6 p e r t ree in the first year and 0-25 lb . P 2 O s in the second year to 0-5 lb . P 2 0 5 in the 
seven th a n d subsequen t years, accompanied by n i t rogen and po ta sh in the rat io N : P 2 O s : 
K 2 0 = 4 : 6 : 5. 
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