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FERTILIZER RESPONSES IN HEVEA BRASILIENSIS 
SEEDLINGS GROWN. IN THE FIELD NURSERY -

B Y 

N . YOGARATNAM AND A . D . M . KARUNARATNE 

INTRODUCTION 
Nu t r i t i ona l requirements o f Hevea brasiliensis have been investigated b y m a n y 

workers b o t h in sand culture (Bo l le -Jones, 1956) a n d in the field (Cons tab le , 1953 ; 
Bo l le -Jones , 1954 a, b, c ; Cons tab le & H o d n e t 1959 ; B o l t o n & S h o r r o c k s 1 9 6 1 ; 
C o m p a g n o n , 1962). These investigations resulted in emphasis being placed o h N 
P a n d K i n fertil izers fo r rubber . Recogn i t i on o f a widespread need fo r magnes ium 
subsequent ly led to . the incorpora t ion o f magnes ium in the f o r m o f magnes ium 
sulphate in the N P K ferti l izer mixtures ( Jeeva ra tnam, 1959). H o w e v e r , i n fo rmat ion 
o n the nutr ient requirements o f Hevea seedlings g r o w n in the nursery is l imited. 
T h e results o f an exper iment laid d o w n in 1958 a n d reported in 1 9 6 1 , to s tudy the . 
effect o f magnes ium added to N P K fertil izers o n the g row th o f Hevea plants in a 
seedling nursery o f the Inst i tute, indicated that add i t ion o f magnes ium as commercia l 
epsom salt h a d n o significant effect on their g r o w t h up to a per iod o f 2 years. H o w e v e r , 
subsequent studies ( Jeeva ra tnam, 1962) have s h o w n a significant benefit by the 
add i t ion o f magnes ium, a l though there was n o difference between epsom salt a n d 
do lomi te as sources o f magnes ium (Jeeva ra tnam, 1962). T h i s trial also indicated that 
m a n u r i n g w i th an imal meal has n o part icular advantage over inorganic ferti l izers. 
Resul ts repor ted in this paper deal w i t h economic levels o f N P K a n d M g arid the 
o p t i m u m n u m b e r o f ferti l izer appl icat ions. 

MATERIALS AND METHODS 
T h r e e exper iments were laid d o w n in a seedling nursery planted in September 

1969, at the Insti tute's exper imental stat ion. T h e results o f t w o o f these exper iments 
are repor ted here. I n the first, a 3 4 factorial layou t was used t o accommodate 81 
t reatment combinat ions w i th all possible combinat ions o f N P K and M g at three 
levels, (0 , 1 and 2 ) . T h e nutr ients, their source a n d levels under invest igat ion are 
g iven in T a b l e 1 . 

T A B L E 1 

S O U R C E S A N D L E V E L S O F N U T R I E N T S T E S T E D 

Nutrient Source 
Levels (oz/plant/year) 

0 1 . 2 

Nitrogen Sulphate of ammonia (21 % N) 0 2 4 

Phosphorus Saphos phosphate (28% P 2 0 5 ) 0 2 4 

Potassium Muriate of potash (50% K 2 0 ) 0 1 2 . 

Magnesium Commercial epsom salt (26% MgO) 0 1 2 

I n the second exper iment five frequencies o f fert i l izer appl icat ion were tested 
in a r a n d o m i z e d b l o c k design w i th f o u r replicates (2,3,4,5 a n d 6 per year ) . A l l , 
plots received a un i f o rm quant i t y o f fert i l izer at the rate o f 2 o z sulphate o f a m m o n i a 
2 o z o f saphos phosphate , 1 o z o f mur ia te o f po tash and 1 o z o f epsom salt per year . 
Layout of beds : I n b o t h exper iments, each p lo t consisted o f 10 germinated seeds 
p lan ted in pairs o f rows o n a 9* t r iangular spacing, w i th a 2 f t space between the 
center o f adjacent pairs o f rows. T h i s p rov ided access to the plants f o r budd ing 
a n d o ther operat ions. P rov i s i on was also m a d e fo r addi t iona l p lants a long guard 
rows. Seed germinat ion techniques were similar in b o t h exper iments. T j i r 1 seeds 
were germinated in a sand bed a n d rogued f o r abnormal i t ies. O n e g o o d seven-day 

^ o l d seedling was p lanted at each po in t . 
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Fer t i l i zer dosages were appl ied at intervals o f three mon ths commenc ing f r o m 
O c t o b e r 1969, f o r the N P K M g exper iment and fo r the f requency o f fert i l izer appl i ­
cat ion exper iment according to exper imenta l treatments. 

Measurements : • T h e use o f roo t stock stem diameter was suggested as a convenient 
parameter o f g row th b y Jayasekera & Senanayake ( 1 9 7 1 ) , on the basis o f their 
f indings that roo t stock d iameter is significantly correlated w i th other g row th charac­
ters such as p lant height and leaf area. M o r e o v e r the present-practice o f deciding 
whether the plants in the nursery are ready f o r budd ing is also based o n diameter 
measurements. There fo re , this parameter is used in this s tudy. D i a m e t e r o f each 
p lant at 1 2 " above the col lar was measured at six, seven, eight, twelve, fourteen a n d 
sixteen mon ths after p lant ing and leaf samples were collected at the end o f sixteen 
m o n t h s t o analyse f o r N , P , K , M g and C a . T h e samples were collected f r o m all 
plants before 1 1 . 0 0 a .m. T h e leaves sampled were the t w o largest leaves at the base 
o f the uppermos t matu re whor l on the date o f collection ( C h a p m a n , 1 9 4 1 ) . 

Analytical method: N i t r o g e n was determined b y the standard m ic ro -K je ldah l 
m e t h o d , phosphorus colorimetric'ally using a m m o n i u m v a n a d o m o l y b d a t e and potas­
s ium b y flame emission spect rophotometry . M a g n e s i u m and calc ium were deter­
mined b y the E D T A t i t rat ion me thod using E r i o c h r o m e B lack T as the indicator and 
calc ium by the potass ium permanganate-oxa la te t i t rat ion and magnes ium b y the 
difference (P iper , 1950). 

RESULTS 
Growth response : T h e d iameter measurements recorded at six', seven, eight, ten, 
twelve, four teen a n d sixteen mon ths after p lant ing are presented in T a b l e 2. T h e 
diameter increment was inf luenced b y ni t rogen, f r o m a per iod o f six mon ths f r o m 
p lant ing till the end o f the exper iment . M e a n diameters at the end o f 16 m o n t h s 
were 2.349 a n d 2.344 cm respectively fo r the N x a n d N 2 levels o f n i t rogen, compared 
to on ly 1 .811 c m f o r the N 0 t reatment. 

T A B L E 2 

G R O W T H R E S P O N S E T O F E R T I L I Z E R T R E A T M E N T S O V E R A P E R I O D O F 16 M O N T H S 
M E A N D I A M E T E R ( C M ) 

Treatments Period after planting (months) 

Six Seven Eight Ten Twelve Fourteen Sixteen 

N 0 
0.64 0.74 0.84 1.12 1.33 1.66 1.81 

*** . »** »** »»» *** »** «** 
Nj 0.75 0.88 1.13 1.50 1.83 2.20 2.35 
N* 0.76 0.92 1.09 1.54 1.81 2.20 2.34 

Po 0.71 0.83 0.97 1.34 1.57 1.91 2.04 
Pi 0.71 0 84 1.02 1.39 1.66 2.01 2.18 
P* 0.74 0.88 1.07 1.44 1.74 2.14 2.28 

K 0 
0.73 0.84 1.03 1.38 1.62 1.98 2.09 
0.71 0 86 1.02 1.41 1.67 2.04 2.19 

K 2 0.71 0.84 1.02 1.38 1.68 2.04 2.22 

Mg0 0.71 0.85 0.99 1.38 1.66 2.05 2.19 
Mgx 0.70 -0.84 0.99 1.38 1.65 2.06 2.24 
Mg2 0.74 0.86 1.08 1.41 1.65 1.96 2.09 
L.S.D. (P=0.05) 0.06 0.06 0.14 — 0.16 0.19 0.22 
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T h i s represents an average increase o f 3 0 % over a per iod o f 16 mon ths . I n ­
creasing n i t rogen f r o m N x to N 2 level has however resulted in n o fur ther increase 
in d iameter . T h e overal l response is significantly quadrat ic . T h e m a x i m u m g row th 
o f 2.349 c m was recorded in plots that received the Nj level. Response to phosphorus 
increased l inearly w i th t ime reaching significance at the end o f 12 mon ths and this 
response was main ta ined till the end o f the exper iment . A mean diameter o f 2.284 
c m was recorded in plots that received the highest level o f phosphorus (P 2). T h i s 
represents an increase o f 8 % over the plots that d id no t receive a n y phosphorus . 
Po tass ium at K t level increased d iameter b y 5 % over the K 0 plots t hough this 
was no t significant. H o w e v e r , increase beyond the K x level d id no t give a n y substan­
tial increase in g row th . T h e r e is n o evidence o f a n y significant response to m a g ­
nes ium, bu t there is a slight reduct ion in g row th a t the highest level o f M g , a l though 
this is no t significant. T h e interact ion between ni t rogen and phosphorus is no t 
signif icant, and the g row th o f 2.45 a n d 2.48 c m atta ined b y plants tha t received 
ferti l izers at NiPj and N 2 P 2 levels, respectively, are comparab le ( T a b l e 3). S imi lar ly , 
there was n o N:K interact ion a n d the first level o f NK gave the best g r o w t h (2.53 c m ) . 

T A B L E 3 

E F F E C T O F I N T E R A C T I O N B E T W E E N T H E L E V E L S O F N I T R O G E N A N D P H O S P H O R U S A N D N I T R O G E N A N D 
P O T A S S I U M O N G R O W T H A T T H E E N D O F 16 M O N T H S M E A N D I A M E T E R ( C M ) 

Po Pi P 2 K 0 Ki K a 

N 0 1.66 ' 1.77 2.02 1.82 1.71 1.91 

Ni 2.22 2.45 2.31 2.12 2.53 2.39 

N 2 - 2.24 2.31 2.48 2.34 2.33 2.36 

T h e results presented in T a b l e 4 o n the f requency o f ferti l izer appl icat ion, ind i ­
cate that increasing the n u m b e r o f appl icat ions o f fert i l izer f r o m t w o per year t o 
six per year d id no t give a n y significant increase in diameter over the 16 m o n t h g row th 
per iod . Nevertheless, the plants tha t received fert i l izer in six split doses recorded 
the best g r o w t h o f 2.59.cm at the end o f the exper iment . 

T A B L E 4. 

E F F E C T O F F R E Q U E N C Y O F F E R T I L I Z E R A P P L I C A T I O N O N G R O W T H O V E R A P E R I O D O F S I X T E E N M O N T H S 
M E A N D I A M E T E R ( C M ) 

Treatments 
(applications 

per yeaf) 

Period after planting (months) Treatments 
(applications 

per yeaf) 
Six Seven Eight Thirteen Fourteen Sixteen 

2 0.80 0.93 1.06 1.79 2.07 2.24 
3 0.80' 1.00 1.11 1.57 1.99 2.22 
4 0.80 1.01 1.10 1.67 1.98 2.16 
5 0.80 0.95 1.04 1.50 1.91 2.05 
6 0.84 1.01 1.18 1.94 2.45 2.59 

L.S.D. (P=0.05) 0.09 0.13 0.21 0.37 0.53 0.37 
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Leaf nutrient content: App l i ca t i on o f ni t rogen increased the ni t rogen content o f 
leaves (Tab le 5). N i t r o g e n had a posit ive effect o n the N content o f leaves though it 
failed to reach significance. A p p l i c a t i o n . o f n i t rogen at N j level increased the leaf 
N content f r o m 3 . 1 2 % to 3 . 1 9 % — a n increase o f 2 % . A fur ther increase to the N 2 

level resulted in an increase to 3 .24%, a 4 % increase over the cont ro l . P h o s p h o r u s 
appl icat ion d id no t show a n y effect o n the N content o f .the leaf, but potass ium and 
magnes ium ferti l izers have h a d an effect. W h e n potass ium was increased f r o m the 
K 0 to the K x level there was an increase in leaf n i t rogen content f r o m 3 . 1 7 % to 3 .24%. 
T h i s is in agreement wi th , the findings o f Shor rocks (1960) . H o w e v e r , a fur ther 
increase to the K 2 level resulted in the decrease o f N content to 3 . 1 4 % . A similar 
depressing effect was observed w i th magnes ium ferti l izer. Su lphate o f a m m o n i a 
h a d a negat ive effect o n the phosphorus a n d potass ium content o f leaves. 

TABLE S 

EFFECT OF FERTILIZER APPLICATION ON NUTRIENT CONCENTRATION IN LEAVES 

Treatment Nutrient concentration in leaves 

N (%) P (%) K ( % ) Mg (%) 

N 0 3.12 0.23 1.09 0.27 
Ni 3.19 0.20 0.92 0.25 
N 2 

3.24 0.19 0.82 0.27 

Po 3.17 0.20 0.96 0.25 
Pi 3.18 0.21 0.98 0.26 
P* 3.19 0.21 0.91 0.27 

K 0 
3.17 0.21 0.86 0.27 

Ki 3.24 0.20 0.93 0.27 
K 2 3.14 0.20 1.07 0.25 

Mg„ 3.23 0.21 0.97 0.24 
M g l 3.13 0.20 1.03 0.25 
Mg2 3.19 0.21 0.85 0.29 

..S.D. (P = 0.05) — • 0.01 0.12 
1 

0.04 

DISCUSSION 

T h e criteria o f success o f nursery fert i l izat ion are the p ropo r t i on o f seedlings, 
wh ich w o u l d at tain the standards f o r buddab i l i t y , o n the last date o f g row th assess­
men t , a n d ul t imately the field per formance o f these budgraf ts. There fo re , the per­
fo rmance o f plants in the field in relat ion to var ious treatments in the nursery should 
be assessed. T h e exper iments discussed here were laid d o w n merely to assess the 
response o f nursery plants to different levels o f nutr ients and to arr ive at an o p t i m u m 
level o f fert i l izat ion. F u r t h e r studies wil l be under taken to correlate g r o w t h in the 
nursery w i th the subsequent field per formance o f plants. 

T h e g r o w t h cond i t ion o f the shoot can so influence its leaf nutr ient content , that 
a single sampl ing o f nursery leaves is no t l ikely t o give a true picture o f its nutr ient 
content . Non-s t ruc tu ra l nutr ients m a y be di luted whereas structural nutr ients m a y 
increase in p ropo r t i on t o leaf size. There fo re , leaf analysis figures presented here 
are p robab l y o f l imi ted value. 
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T h e results presented show that n i t rogen and phosphorus are very i m p o r t a n t 
f o r g r o w t h o f y o u n g plants in seedling nurseries. N i t r o g e n gave a consistent response 
t h roughou t the g r o w t h per iod in the nursery. T h e response was signif icantly q u a ­
drat ic. A corresponding p ropor t iona te increase in leaf nutr ient content o f 2 % w h e n 
n i t rogen was increased f r o m N 0 to N x a n d a fur ther increase at a lower rate, w i t h 
an increase f r o m N x to N 2 level were observed. These results indicate ( F i g . 1 ) tha t 
add i t ion o f n i t rogen b e y o n d the N x level is unl ike ly t o be beneficial. I n contrast , 
there was a m a r k e d response t o phosphate wh ich is significantly l inear ( F i g . 2 ) . T h e 
plants that received the highest level ( P 2 ) exhib i ted the best g r o w t h o f 2.284 c m , 
an 8 % increase f r o m the lowest level. T h i s shows that y o u n g Hevea seedlings are 
l ikeiy to benefit f r o m relatively h igh levels o f phosphate ferti l izer. T h e pat tern o f 
response seems t o be very m u c h similar to that observed b y Jeeva ra tnam (1969) o n 
g r o w t h o f Hevea du r ing the imma tu re phase. E v e n t hough response to potass ium 
a n d magnes ium was lack ing, this does no t just i fy the e l iminat ion o f these nutr ients 
f r o m the s tandard fert i l izer mix tures. L a c k o f response t o potass ium m a y be due t o 
the appl icat ion o f higher levels o f N wh ich has p robab l y depressed the up take o f 
potass ium. A similar negative effect o f the higher levels o f n i t rogen in decreasing 
the. leaf potass ium content was repor ted b y Shor rocks (1960) , a n d B o l t o n & 
Shor rocks ( 1 9 6 1 ) . C a i n (1953) also repor ted that n i t rogenous ferti l izers depressed leaf 
K and P in y o u n g apple trees. 
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O Twelve months after planting 
jfc, Fourteen montht after plantinf 
9 Sixteen monthi after plantinf 

0 I 2 

LEVELS OF PHOSPHORUS 
Fig. 2. Effect of three levela of phosphorus on growth 

A n examina t ion o f the responses t o the N P K combinat ions reveals ( T a b l e 6) 
that the best g r o w t h o f 2.66 c m was recorded in the N ^ K j plots, wh ich a m o u n t e d 
to a 5 0 % increase in diameter over the N 0 P 0 K 0 plots. T h i s indicates that n o bene­
ficial effects are l ikely t o be obta ined b y using combinat ions w i th higher levels such 
as N j P x K j j , N i P j j K j and N 2 P 2 K 2 . A n increase o f 4 4 % in g row th over N 0 P 0 K „ was 
recorded b y the N ^ K i m ix tu re as against an increase o f 5 0 % b y N ^ K ^ E c o n o ­
m ic considerat ions o f ferti l izer use are however l ikely t o suppor t the use o f the 
N i P x K x over the N ^ K j mix tu re . A N P K mix tu re is therefore necessary p robab ly 
at the N 1 P 1 K 1 level, and the impor tance o f magnes ium has to be considered. Resul ts 
s h o w n in T a b l e 5 reveal tha t the best g r o w t h o f 2 . 7 7 c m was recorded in plots that 
received N ^ i K i M g j wh ich accounted f o r an increase o f 2 3 % over the plots that 
received the N P K mix tu re w i thou t magnes ium. H o w e v e r , increasing magnes ium 
f r o m M g x t o M g 2 level in the N ^ K j ^ m ix tu re , depressed g row th b y 8 %. 

TABLE 6 

EFFECT OF INTERACTION BETWEEN LEVELS OF N, P, K AND Mg ON GROWTH AT THE END OF 16 MONTHS 
MEAN DIAMETER (CM) 

Treatments Diameter 
(Mean of 30 plants) 

% of lowest level 
in all nutrients 

N 0 P 0 K 0 1.77 100 
Ni Pi K„ 2.21 125 
Ni P 2 K 0 2.22 125 
Ni Pi Kj 2.54 144 
N 2 P 2 K t 2.66 150 
Ni Pi K 2 2.60 147 
N t P 2 K 2 2.24 127 
N 2 P 2 K 2 2.56 145 

NiPiKiMgo 
NiPjKiMgx 
NAKiMga 

(Mean of 10 plants) 

2.26 
2.77 
2.59 

100 
123 
115 
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A p p l i c a t i o n o f a m m o n i u m sulphate, saphos phosphate , mur ia te o f potash a n d 
epsom salt resulted in raising the leaf concentrat ion o f n i t rogen, phosphorus , potas­
s ium and magnes ium, respectively. T h i s is in agreement w i t h the findings o f S h o r ­
rocks (1964) . M o r e o v e r , the leaf levels o f all nutr ients under invest igat ion, except 
po tass ium, are w i th in the l imits set b y Bo l le -Jones (1954a,b,c , ) f o r leaf compos i t ion 
o f heal thy H. brasiliensis. T h e potass ium content o f leaves that received K at the 
highest level ( K a ) is 1.065 as against the lowest l imi t o f 1 . 1 0 , f o r heal thy plants. 
H o w e v e r , leaf nutr ient concentrat ion prov ides on ly a rough estimate o f the nut r i ­
t iona l status o f trees ( G u h a , 1969). I t is pr imar i ly contro l led b y nutr ient supply 
(Steenbjerg & J a k o b s e n , 1963), % bu t m a y be inf luenced b y secondary external and in­
ternal factors ( S m i t h , 1962) , such as age a n d pos i t ion ( B o u l d , 1955 ; M a s o n , 1958) , 
c l imate a n d pests a n d diseases ( B o y n t o n & C o m p t o n , 1945) . A l l these factors 
shou ld be taken in to account w h e n interpret ing leaf analysis da ta . 

Increasing the n u m b e r o f fert i l izer appl icat ions per year f r o m t w o to six gave a n 
increase in g r o w t h bu t this was no t significant at 5 % . T h i s finding is in agreement 
w i t h the results observed w i th one-year o ld plants in the field (S i l va , 1970 ) . 

CONCLUSION 

T h e results o f these exper iments suppor t the present practice o f app ly ing a c o m ­
plete N P K M g mix tu re t o plants in the seedling nursery. These studies indicate 
tha t the o p t i m u m level o f fer t i l izat ion fo r nursery plants is the total annua l appl ica­
t ion o f 6 o z per p lant o f a fert i l izer m ix tu re in the rat io o f 4 : 6 : 5 : 2 o f N , P 2 0 5 , . K 2 0 
a n d M g O , respectively. A p p l i c a t i o n o f fertil izers in repeated small doses is unl ike ly 
t o be m o r e beneficial than less f requent appl icat ion o f correspondingly larger amoun ts . 

> I f there is a n y benefit f r o m f requent appl icat ions it m a y be due to the greater efficiency 
in the recovery o f fert i l izer appl ied in small doses because o f lower leaching losses. 
T h e e l iminat ion o f waste b y avo id ing adverse appl icat ion condi t ions shou ld m a k e it 
possible t o reduce the f requency o f ferti l izer appl icat ion. 
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