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ABSTRACT 

A relatively new approach, the 'boundary line' approach, for objectively assessing 
cause-and-effect relationships in biology, was made to a systematically-collected 
set o f data, representing climates, soils, ownerships and management practices, 
from the present distribution o f vegetatively-propagated tea plantations in the 
corporate sector o f Sri Lanka. This was primari ly to investigate whether this 
technique could be used to study tea nutrition and determine nutrient sufficiency 
or deficiency, and to investigate whether diagnosis ranges for vegetatively-
propagated tea could be upgraded with a view to using leaf analysis as an effective 
diagnostic tool. 

Accordingly , nutrient diagnosis ranges were arr ived at for nitrogen ( N ) , 
phosphorus (P ) , potassium ( K ) , sulphur (S) and magnesium ( M g ) , and rated as 
'optimum', 'deficient', 'low' and 'excess'. The optimum nutrient ranges are 2.78 -
3.39, 0.12 - 0 .15, 0.91 - 1.24, 0.23 - 0 .37, and 0.13 - 0 .22 , respectively. A n 
attempt was also made to compare the diagnosis ranges with those ranges currently 
in use in Sri Lanka, and other tea-growing countries. I t is apparent that the 
'optimum' leaf-nutrient ranges for tea in Sri Lanka had been f ixed using a limited 
set o f information, representing a limited number o f areas. Hence, the nutrient 
diagnosis ranges established using the boundary line approach, can be used to 
improve the utility o f plant testing in tea when more precise interpretation and/ 
or more narrow ranges o f critical values are warranted. 

K e y w o r d s : b o u n d r y l ine approach, nutr ients cr i t ica l va lues 
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INTRODUCTION 

T e a i n S r i L a n k a is p lanted f r o m a lmost m e a n sea leve l to around 2 2 0 0 met res a b o v e 
m e a n sea l e v e l , in the w e t and in te rmedia te zones o f the country. O f the t ea ex ten t , 
a p p r o x i m a t e l y 4 6 % are under o l d seed l ing w h i l e the rest is vege ta t i ve ly propagated 
( V P ) t ea w i t h h i g h y i e l d potent ia l . T h e tea lands are c lassi f ied as h i g h - ( a b o v e 1 2 0 0 m ) , 
m e d i u m - ( b e t w e e n 6 0 0 - 1 2 0 0 m ) a n d l o w - g r o w n ( b e l o w 6 0 0 m ) , d e p e n d i n g o n t h e 
e l e v a t i o n o f the green leaf -processing factor ies . T h i s c lassi f icat ion or ig ina ted in the 
e a r l y d a y s o f t e a p r o d u c t i o n , a n d is p r i m a r i l y to h e l p consumers to r e c o g n i z e t h e 
character ist ics o f m a d e tea ava i l ab le fo r sale. 

T h e soils present in the t e a - g r o w i n g areas f a l l into three large groups, n a m e l y R e d Y e l l o w 
P o d z o l i c ( R Y P ) , Redd ish B r o w n La t aso l i c ( R B L ) a n d I m m a t u r e B r o w n L o a m ( I B L ) 
( M o o r m a n a n d P a n a b o k k e , 1 9 6 1 ) . A c c o r d i n g to the U S D A s o i l t a x o n o m i c c lass i f icat ion 
( A n o n . , 1 9 7 5 ) , the R Y P and R B L groups are regarded as an order U l t i s o l w h i l e I B L is 
regarded as Incept iso l . 

Besides these large groups, the soils o f the w e t zone have been prov is iona l ly character ized 
and classi f ied into series levels, us ing both the U S D A and F A O / U N E S C O systems ( M a p a 
et a l . , 1 9 9 9 ) . A c c o r d i n g l y , 13 m a i n series h a v e been recognized f r o m the f o l l o w i n g tea -
g r o w i n g a reas : M a t t a k e l l e , M a s k e l i y a , N u w a r a E l i y a , K a n d y , U k u w e l l a , A k u r a n a , 
M a l a b o d a , Pa l l egoda , Weddaga la , and D o d a n g o d a , R a g a l a , B a d u l l a and M a h a w a l a t e n n e . 

A n n u a l r a i n f a l l , m e a n temperature a n d the dura t ion o f m e a n annua l sunshine v a r y w i d e l y 
w i t h i n the t e a - g r o w i n g areas in Sr i L a n k a . T h e c l imat ic condi t ions, together w i t h the 
soi l proper t ies at a g iven locat ion , d e t e r m i n e the land use and m a n a g e m e n t requ i rements . 
F o l l o w i n g this cr i ter ion, the areas w i t h s imi lar c l imat ic and soil condit ions w e r e ident i f ied 
and demarca ted as agro-ecologica l reg ions ( A E R ) ( P a n a b o k k e and K a n n a n g a r a , 1 9 7 5 ) . 
A c c o r d i n g l y , 12 A E R s have been iden t i f i ed w i t h i n the t e a - g r o w i n g areas (see F i g . 1) . 
H o w e v e r , the rate o f g r o w t h , and in tu rn the product ion o f harvestable shoots f r o m a 
g i v e n si te , p r i m a r i l y depend on the interact ive ro le o f c l imate , soi l a n d p lan t factors , 
together w i t h a host o f m a n a g e m e n t pract ices. 

G e n e r a l l y , there is a basic re lat ionship b e t w e e n the concentrat ion o f a p lan t nut r ien t a n d 
the g r o w t h ra te , or y i e l d , o f the p lant ( D o w and Rober ts , 1 9 8 2 ; M e n g e l and K i r k b y , 
1 9 8 7 ) . O v e r the range o f this re la t ionship , the cr i t ica l nutr ient range o f concent ra t ion 
( C N R ) or suf f ic iency range is a n a r r o w range , above w h i c h , w i t h a reasonable conf idence , 
the p lant is a m p l y suppl ied , and b e l o w w h i c h the p lant is de f ic ient ( D o w a n d Rober ts , 
1 9 8 2 ) . P lant - t issue analyses prov ide a sat isfactory basis for de te rmina t ion o f the re la t ive 
propor t ion o f nutr ients present in plants and /or ava i lab le in soils. I n Sr i L a n k a , the m o t h e r 
leaf , in w h o s e a x i l a p luckab le shoot has d e v e l o p e d , has been s h o w n to be the most 
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Agaro-Ecological Region Boundary 

suitable for most p lant nutr ient analyses, and also fo r the diagnosis o f most nutr ient 
def ic iencies and excesses ( H a s s e l o , 1 9 6 5 ; W i c k r e m a s i n g h e a n d K r i s h n a p i l l a i , 1 9 8 6 ) . 
H o w e v e r , fo r fo l i a r analysis the f irst and/or th i rd l e a f o f the p luckab le shoot f r o m the 
bud is sampled in East A f r i c a (To lhurst , 1 9 7 2 ; W i l l s o n , 1 9 7 4 ) , w h i l e the uppermost 
mature l e a f is sampled in K e n y a ( O t h i e n o , 1 9 8 8 ) . 

L e a f analysis is be ing increasingly used as a diagnost ic too l fo r perennia l crops. T h e 
concentrat ion o f nutr ients in the plant t issue ref lects w h a t the plant has obta ined f r o m 
the so i l , in re la t ion to its g r o w t h up to the t i m e o f sampl ing . I t is based on the pr inc ip le 
that the nutr ient levels re f lect fe r t i l i ty factors a f fec t ing the g r o w t h o f the plant . 

Lea f -nu t r ien t cr i ter ia can also be deve loped f r o m the re la t ionship b e t w e e n p lant -nutr ient 
concentrat ion and p lant p e r f o r m a n c e , or y i e l d , in fe r t i l i ze r t reatments . H o w e v e r , several 
years are o f ten requi red be fo re crops respond to added fer t i l i zer , and m a n y years o f f i e ld 
data , co l lected over a range o f condi t ions , are required to deve lop cr i t ica l concentrat ions 
o r ranges. A p a r t f r o m the t i m e dura t ion , in the case o f vegeta t ive ly -propagated tea in Sr i 
Lanka , there exist var iat ions a m o n g the cul t ivars or clones o w i n g to c lonal characteristics, 
and w i d e var ia t ions in soi l and c l i m a t i c condi t ions. 
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A re la t ive ly n e w approach to the study o f crop product iv i ty has been deve loped , in w h i c h 
the p e r f o r m a n c e o f the best in the sample e x a m i n e d is t a k e n as a standard against w h i c h 
to j u d g e the r e m a i n d e r ( W e b b , 1 9 7 2 ) . T h i s is o n the assumpt ion that there exist reasons 
other than chance , w h i c h accounts fo r the in fer ior p e r f o r m a n c e o f part o f the p o p u l a t i o n . 
A s an e x a m p l e , w h e n the points i n re la t ion to nutr ient status and crop y i e l d , or re la t ive 
y i e l d , are p lo t ted in a scatter d i a g r a m , there is a l w a y s a l ine o n the upper edge o f the da ta 
range. I t represents t h e highest y ie lds observed over the range o f nutr ient values measured , 
and is ca l led the 'boundary l ine' . T h e boundary l ine also describes the response to var ia t ion 
in the test parameter , w h e r e a l l the other factors d o not l i m i t crop y i e l d ( L a r k , 1 9 9 7 ; 
S c h n u g et a l . , 1 9 9 6 ; W e b b , 1 9 7 2 ) . 

W a l w o r t h et a l . ( 1 9 8 6 ) a n d E v a n y l o and S u m n e r ( 1 9 8 7 ) o p i n e d that i t is possible t o use 
the b o u n d a r y - l i n e approach t o q u i c k l y der ive suf f ic iency ranges fo r nutr ients and o ther 
parameters. S u r v e y i n g tissue composi t ion in h igh ly product ive fields has been recognized 
as a too l in establ ish ing suf f ic iency nutr ient ranges ( P o o v a r o d o m and Cha tupote , 2 0 0 2 ) . 
Severa l researchers h a v e e f f e c t i v e l y used this techn ique f o r var ious crops ( H a n e k l a u s e 
a n d Schnug , 1 9 9 4 ; K h i a r i et a l . , 2 0 0 1 ; P o o v a r o d o m a n d C h a t u p o t e , 2 0 0 2 ; S u l l i v a n et a l . , 
1 9 9 6 ; W a l w o r t h a n d K i l b y , 2 0 0 2 ; Z h e n m i n et a l . , 1 9 9 9 ) . 

O p t i m u m or c r i t ica l nut r ient leve ls , or n o r m s , or standards, and even ranges, h a v e b e e n 
establ ished in tissues f r o m survey databases us ing th is techn ique: fo r S in o i lseed rape 
g r o w n in N o r t h e r n G e r m a n y ( H a n e k l a u s e and S c h n u g , 1 9 9 4 ) , fo r P in potatoes g r o w n i n 
Q u e b e c ( a cr i t ica l nut r ient d iagnost ic index , K h i a r i et a l . , 2 0 0 1 ) , a n d fo r N , P, K , C a , M g 
and Z n in dur ian g r o w n i n eastern T h a i l a n d ( P o o v a r o d o m and Chatupote , 2 0 0 2 ) . H o w e v e r , 
ha rd ly any i n f o r m a t i o n w a s f o u n d o n the app l ica t ion o f this technique fo r crops g r o w n 
in Sr i L a n k a . 

T h e ob jec t ive o f th is s tudy w a s to f i n d out w h e t h e r nut r ient suf f ic iency, or d iagnosis 
ranges, for vegeta t ive ly -propagated tea cou ld be establ ished us ing a large b o d y o f survey 
data , co l lected f r o m the ent i re t e a - g r o w i n g area in the country . 

M A T E R I A L S A N D M E T H O D S 

S u r v e y m e t h o d o l o g y 

A n i s land -w ide survey w a s car r ied out d u r i n g Ju ly 2 0 0 1 - M a r c h 2 0 0 3 to col lect de ta i l ed 
in fo rmat ion from V P tea fields in 2 0 0 corporate-sector estates, out o f a tota l o f about 
4 0 0 , represent ing d i f f e ren t c l i m a t e factors, so i l , ownersh ip , a n d p lantat ion m a n a g e m e n t 
pract ices. H i g h - y i e l d i n g f ie lds , not m o r e than 10 to I S years af ter f i rst canopy p r u n i n g , 
w e r e chosen. I n g e n e r a l , n o nutr ient de f ic iency s y m p t o m s w e r e observed in the chosen 
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fields. The survey was primarily to identify the factors affecting responses to applied 
fertilisers, with special emphasis on potash and sulphur. 

A multi-stage sampling method was used to select the estates, as shown in Fig. 2 . Detailed 
information, on field management practices, bush characteristics, pest and disease records, 
yield data, and climate and site characteristics, was collected from a selected VP tea 
field on each estate. 

STAGE1 
(Rainfall zone) 

STAGE2 
(Elevational category) 

STAGE3 
(AER) 

STAGE4 
(Tea Planting District) 

STAGE5 
(Plantations company) 

STAGE6 
(Estate) 

1 ' 

Up Mid | Low 

WUl WU2 WU3 

Maskeliya Agarapatna 

9 Estates 4 Estates 

Fig 2 . Multistage sampling scheme for the Islandwide survey 
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Sampling procedure 

T h e f irst m a t u r e leaf , f r o m w h o s e a x i l the p luckab le shoot emerges, w a s sampled f o r 

lea f -nut r ient ana lys is . T h e sampled leaves w e r e d r ied overn igh t at 8 0 ° C , and g r o u n d in 

a l ea f -g r ind ing m i l l . 

Leaf nutrient analysis 

A ground l e a f sample ( 0 . 2 g ) w a s placed in a d igest ion tube , and ashed in a m u f f l e 
furnace overn ight at 4 8 0 ° C . T h e ash content was d issolved in 0.5 m l o f digest ion m i x t u r e 
( H C 1 : H N 0 3 : H 2 0 in the propor t ion 1:1:2) , and dr ied aga in over a hot p la te . 

T e n m l o f 0 .05 M H C 1 solut ion w a s added to the dr ied ash , and m i x e d w e l l . Su i tab le 
a l iquots w e r e used t o d e t e r m i n e K and M g us ing a f l a m e photometer , and a t o m i c 
a b s o r p t i o n s p e c t r o p h o t o m e t e r , r e s p e c t i v e l y . P h o s p h o r u s w a s d e t e r m i n e d b y t h e 
v a n d a m o l y b d a t e m e t h o d (Jackson, 1 9 5 8 ) , and sulphate b y the B a C l 2 m e t h o d (But te rs 
and Chenery , 1 9 5 9 ) , us ing an U V / v i s i b l e spectrophotometer . T h e ni t rogen content w a s 
de te rmined b y the K j e l d h a l m e t h o d ( B r e m n e r a n d M a l v a n e y , 1 9 8 2 ) . 

Statistical analysis 

T h e y i e l d data co l lec ted and leaf -nutr ient concentrat ions est imated w e r e tabula ted , a n d 
the highest y ie lds observed over the range o f nutr ient concentrat ions ( the b o u n d a r y - l i n e 
points) w e r e selected fo r p lo t t ing scatter d iagrams. M o d e l s ( l inear, reciprocal , logar i thmic , 
exponent ia l and p o l y n o m i a l ) w e r e f i t ted us ing the Stat ist ical A n a l y s i s System ( S A S ) , 
vers ion 6 ( A n o n . , 1995 a ) and M i c r o s o f t E x c e l ( A n o n . , 2 0 0 0 ) packages. T h e coef f ic ient 
o f de te rmina t ion ( R 2 ) w a s used to select the best- f i t ted m o d e l . 

U s i n g the mathemat ica l equat ion o f the best-f i tted boundary l ine , y ie ld ranges representing 
l o w , d e f i c i e n t a n d o p t i m u m w e r e es t imated as < 6 0 % , 6 0 - 9 0 % , a n d 9 0 - 1 0 0 % , 
respect ive ly . Excess ive nutr ient ranges, w h i c h p r e s u m a b l y cause dec l ine in y i e l d , w e r e 
taken to be the concent ra t ion beyond the m a x i m u m po in t o f the suf f ic iency range. 

RESULTS AND DISCUSSION 

T h e coef f ic ients o f de te rmina t ion ( the R 2 va lues ) , w h i c h is an indicator o f the degree o f 
var ia t ion in a data set ( the 'goodness') , and exp la ined b y the regression models o n the 
highest y ie lds over the range o f l e a f nutr ient concent ra t ion , are g iven in Tab le 1 , a l o n g 
w i t h their respective probabi l i ty values. T h e R 2 va lues, exp la ined b y the regression models 
f i t ted c o n v e n t i o n a l l y to select the best regression on y i e l d o v e r the nutr ient ranges, are 
also g i v e n , a l o n g w i t h the i r respect ive probab i l i ty va lues , in T a b l e 2 . 
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T h e best - f i t ted models for the highest y i e l d observed over the n i t rogen ( N ) , phosphorus 
( P ) , potassium ( K ) , m a g n e s i u m ( M g ) and sulphur ( S ) ranges, w h i c h are in fac t the best-
f i t ted b o u n d a r y l ines, are s h o w n in F igs . 3 to 7 , a l o n g w i t h the i r respect ive distr ibut ions 
o f to ta l sample populat ions, as scatter d iagrams . 

T h e R 2 va lues have been s ign i f icant ly i m p r o v e d , f o l l o w i n g the e l i m i n a t i o n o f in fer ior 
per formances b y a part o f the p o p u l a t i o n ( c o m p a r e values g i v e n in Tab les 1 and 2 ) . 
Based o n the R 2 va lues o f mode ls tested f o r de te rmin ing best- f i t ted b o u n d a r y l ines , and 
the i r P v a l u e s , i t w a s f o u n d that t h e p o l y n o m i a l m o d e l s sa t is fac tor i ly descr ibe the 
var ia t ions in d iverse sample popula t ions account ing fo r 18 to 4 7 % ( T a b l e 1) . T h i s is 
par t icu la r ly so, as the goodness o f f i t (the. R 2 v a l u e ) p r i m a r i l y indicates the possible 
cause-and-ef fect re lat ionship ex is t ing b e t w e e n t w o var iables , despi te the p o o r leve l o f 
s igni f icance fo r a g iven m o d e l o f regression as P values indicate the degree o f p robab i l i t y 
fo r repet i t ion . I n fact , the degree o f v a r i a t i o n accounted fo r in the case o f K w a s 2 5 % , 
w h i c h w a s even h igher than fo r S , a l t h o u g h the i r P values w e r e 0 . 4 2 9 1 a n d 0 . 0 4 3 1 , 
respect ive ly ( T a b l e 1) . 

Tab le 1 . Coefficient of determinat ion for different models fitted to select the best boundary-
line regression on t h e h ighest y ie lds over the nutrient r a n g e s . 

M o d e l ; [Yield = f (p lant nutrient concentrat ion) ] 

Linear Rec iproca l Logari thmic Exponent ia l Polynomia l 

Nutr ient Co-ef f ic ient o f determinat ion ( R 2 ) 

N 0 . 1 3 8 0 . 2 2 6 0 . 1 8 3 0 . 0 3 1 0 . 4 7 4 
(0.1421) (0.0536) (0.0867) (0.4994) (0.0112) 

P 0 . 0 3 9 0 . 0 0 2 0 . 0 1 4 0 . 0 4 4 0 . 3 4 0 
(0.5003) (0.8808) (0.6829) (0.4742) (0.0661) 

K 0 . 0 8 2 0 . 0 3 1 0 . 0 5 6 0 . 1 1 0 0 . 2 4 6 
(0.4547) (0.6513) (0.5416) (0.3824) (0.4291) 

S 0 . 1 0 7 0 . 0 5 0 0 . 0 7 9 0 .117 0 . 1 8 4 
(0.0591) (0.2033) (0.1075) (0.477) (0.0431) 

M g 0 . 2 3 7 0 . 0 8 2 0 . 1 5 4 0 . 2 5 7 0 .311 
(0.0185) (0.1859) (0.0645) (0.0135) (0.0023) 

* Probabil i ty va lues (or level o f s igni f icance) a r e g iven in parenthes is 
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T a b l e 2 . Coeff ic ient of de terminat ion for different m o d e l s fitted convent ional ly to se lect 
the best regress ion o n the yields over the nutrient r a n g e s . 

M o d e l ; [Yield = f (p lant nutrient concentrat ion) ] 

L inear Rec iproca l Logari thmic Exponent ia l Polynomia l 

Nutr ient Co-ef f ic ient of determinat ion ( R 2 ) 

N 0 . 0 0 4 0 . 0 0 8 0 . 0 0 6 0 . 0 0 1 0 . 0 0 2 
( 0 . 5 0 f 6 ) (0.3355) (0.4114) (0.8177) (0.6010) 

P 0 . 1 9 0 0 . 1 4 3 0 . 1 6 9 0 . 1 9 3 0 . 2 0 5 
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

K 0 . 0 2 4 0 . 0 2 6 0 . 0 2 5 0 . 0 2 2 0 . 0 2 3 
(0.0947) (0.0828) (0.0869) (0.1102) (0.1065) 

S 0 . 0 7 8 0 . 0 6 7 0 . 0 7 4 0 . 0 7 9 0 . 0 7 9 
(0.0022) (0.0049) (0.0021) (0.0022) (0.0021) 

M g 0 . 0 0 3 0 . 0 0 2 0 . 0 0 2 0 . 0 0 3 0 . 0 0 3 
(0.5640) (0.6379) (0.6038) (0.5512) (0.5212) 

* Probabil i ty v a l u e s (or level of s igni f icance) a r e g iven in parenthes is 

N u t r i e n t diagnosis ranges fo r the V P tea distr ibut ion w e r e establ ished f o r the f i rst t i m e 

f r o m a single data set systemat ica l ly col lected, using the best - f i t ted p o l y n o m i a l boundary 

l ine equat ion w i t h respect to s tandardized y i e l d categories, as de f ined a n d g i v e n in Tab le 

3 . A n a t tempt w a s also m a d e to c o m p a r e the diagnosis ranges w i t h t h e range o r ranges 

cur ren t ly in use both in Sr i L a n k a ( T a b l e 3 ) , and in other tea g r o w i n g countr ies ( T a b l e 

4 ) , w i t h a v i e w to upgrad ing lea f -nut r ient standards. 

4 0 0 0 - 1 

^ 3 0 0 0 H 
x: 

J 2000 -J i 1000 -
> 

2.0 

Yield = - 7 8 7 * N 2 + 5275*N - 6113 
A - Boundary line 
O - Other 

o 0° 

— i — 

2 . 5 

— i — 

3 .0 
—i i — 

3.5 4 . 0 
Leaf N Concentration (%) 

—i 

4 . 5 

F ig 3. The best fitted boundary line for N concentration and yield. 
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Yield = -159032'F* + 4 9 5 8 0 * P - 1 0 3 4 

4 0 0 0 

^ • 3 0 0 0 
IB 
•5 

1 1 0 0 0 

A - Boundary line 
O - Other 

0 .08 0 .12 0 .16 0 .20 

Leaf P Concentration (%) 

0 .24 

F ig 4. The best fitted boundary line for P concentration and yield. 

Yield = -2615*K? + 6555*K - 1 0 2 8 

4 0 0 0 - 1 

- £ 3 0 0 0 
CO 

. 2 2 0 0 0 

£ 1000 

A - Boundary line 
O - Other 

o o o 

i 1 i 
0.8 1.2 1.6 2 .0 

Leaf K Concentration (%) 

Fig 5 . The best fitted boundary line for K concentration and yield. 

4 0 0 0 Yield = - 1 1 5 5 4 * S 8 + 8 7 5 7 * S + 1017 
A - Boundary line 
O - O t h e r 

A A A A0 A A A A 

Oo 
O A 

1 I I 1 I 
020 0 . 3 0 0 . 4 0 0 . 5 0 0 . 6 0 0 . 7 0 

Leaf S Concentration (%) 

Fig 6 . The best fitted boundary line for S concentration and yield. 
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$ 1000 
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O - Other 

0.10 0.20 0.30 0.40 
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0.50 

F ig 7. The best fitted boundary line for M g concentration and yield. 

Tab le 3. A compar ison b e t w e e n t h e 'op t imum' nutrient r a n g e s current ly in u s e in Sri 
Lanka , and nutrient d iagnosis ranges obtained f rom the boundary- l ine technique. 

P lant nutrient (%) 

Ni t rogen P h o s p h o r u s Potass ium Sulphur M a g n e s i u m 

Nutr ient d iagnosis r a n g e s obta ined f rom boundary line t e c h n i q u e 

L o w 

Def ic ient 

O p t i m u m 

E x c e s s 

< 2 . 1 9 

2 . 1 9 - 2 . 7 8 

2 . 7 8 - 3 . 3 9 

3 . 3 9 > 

< 0 . 0 7 

0 . 0 7 - 0 . 1 2 

0 . 1 2 - 0 . 1 5 

0 . 1 5 > 

< 0 . 5 6 

0 . 5 6 - 0 . 9 1 

0 . 9 1 - 1 . 2 4 

1 .24 > 

< 0 . 0 8 

0 . 0 8 - 0 . 2 3 

0 . 2 3 - 0 . 3 7 

0 . 3 7 > 

< 0 . 0 4 

0 . 0 4 - 0 . 1 3 

0 . 1 3 - 0 . 2 2 

0 . 2 2 > 

Nutr ient r a n g e s currently in u s e * 
3 . 0 0 - 4 . 0 0 0 . 2 - 0 . 3 0 1 . 5 0 - 2 . 0 0 0 . 2 0 - 0 . 3 0 0 . 2 0 > 

A n o n , ( 1 9 9 5 b ) * 

S o u r c e : A n o n . ( 1 9 9 5 b ) * 

I n spite o f the heterogeneous nature o f seedl ing tea and var ia t ions a m o n g the cul t ivars 
o w i n g to var ie ta l character ist ics, and the w i d e var iat ions in soi l a n d c l i m a t i c condi t ions , 
a range fo r each nutr ient supposedly ' o p t i m u m ' ( T a b l e 3 ) h a v e been a r r i ved at . 

T h e s e ranges appear to h a v e b e e n deve loped f r o m a large b o d y o f da ta on g r o w t h and 
y i e l d responses to nutr ient status under d i f ferent exper imenta l condi t ions over a long 
p e r i o d o f t i m e , a l o n g w i t h the ana ly t ica l data generated on so i l - a n d leaf- samples and 
submit ted b y plantat ions fo r the last t w o to three decades ( J a y m a n and S ivasubraman ium, 
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Table 4 . Critical levels of nutrients in the uppermost mature a n d third leaf of the pluckable 
shoot, es tab l ished by K e n y a a n d E a s t Afr ica respect ively 

P lant nutrient (%) 

Ni t rogen P h o s p h o r u s Potass ium Sulphur M a g n e s i u m 

Crit ical levels of nutrients in the uppermost m a t u r e leaf * 

Def ic ient < 3 . 0 < 0 . 1 5 < 1 .20 - < 0 . 1 0 

Borderl ine 3 . 0 - 3 . 5 0 . 1 5 - 0 . 1 7 1 . 2 0 - 1 . 5 0 - -
A d e q u a t e 3 .5 > 0 . 1 7 > 1 .50 > - -
Crit ical levels of nutr ients in the third leaf o f a shoot ** 

Def ic ient 3 . 0 0 0 . 3 5 1 .60 - 0 . 0 5 

S u b n o r m a l 4 . 0 0 0 . 4 0 2 . 0 0 0 .05 0 . 1 0 

N o r m a l 5 . 0 0 0 . 5 0 3 . 0 0 0 . 5 0 0 . 3 0 

Sources; O w u o r a n d W a n y o k a ( 1 9 8 3 ) * ; a n d Bonheure and Wi l lson (1992) ' 

1 9 8 0 ; P e t h i y a g o d a a n d K r i s h n a p i l l a i , 1 9 7 0 ; S i v a s u b r a m a n i u m and J a y m a n , 1 9 7 6 ; 
Wet tas inghe and W a t s o n , 1 9 8 0 ) . C o n t r a r y to the o p t i m u m N and K ranges g i v e n , results 
f r o m a recent t r i a l , over a five-year p r u n i n g cyc le , showed that the suf f ic iency range fo r 
l e a f N va r ied f r o m 3 to 3 . 5 % , and for l e a f K f r o m 1.25 to 1 .5% ( H e t t i a r a c h c h i et a l . , 
2 0 0 3 ) . 

T h e m a x i m u m concentrat ions o f the best - f i t ted p o l y n o m i a l boundary l ines, as s h o w n in 
F i g s . 3 to 5, w e r e 3 . 3 9 , 0 . 1 5 and 1.24 % w h i l e the o p t i m u m ranges w e r e 2 . 7 8 - 3 . 3 9 , 0 . 1 2 
- 0 . 1 5 and 0 .91 - 1.24, fo r N , P and K , respect ively. T h e s e ranges are l o w e r than the 
o p t i m u m ranges cur rent ly used in Sr i L a n k a , except fo r S and M g ( A n o n . , 1995 b ) . • 

A study w a s carr ied out b y Pe th iyagoda and K r i s h n a p i l l a i ( 1 9 7 0 ) on the m i n e r a l nutr i t ion 
o f tea b y induc ing m a j o r nut r ient def ic iencies in sand cul ture . T h e y d id this b y e x c l u d i n g 
f r o m the suppl ied solut ion a single nutr ient at a t i m e , and w e r e able to establ ish the l e a f 
N , P, K , C a and M g concentrat ions associated w i t h de f ic iency symptoms. R e c o v e r y to 
n o r m a l c y f o l l o w e d restorat ion o f nutr ient supply. 

T h e results o f nutr ient analyses o f so i l - and leaf -samples f r o m the f i rs t -ever designed 3 3 

N P K factor ia l t r ia l on l o w j a t seedl ing tea , taken in con junct ion w i t h the corresponding 
y ie lds f o l l o w i n g long - te rm fe r t i l i za t ion , showed that l e a f K reached a m a x i m u m v a l u e 
o f a p p r o x i m a t e l y 1 . 8 % w h e n the water -so lub le soi l K content was around 12 p p m , w i t h 
the y i e l d response at 8 4 k g K j O ha"' y r 1 ( S i v a s u b r a m a n i u m and J a y m a n , 1 9 7 6 ) . S imi la r ly , 
P reached a p p r o x i m a t e l y 0 . 2 4 % w h e n the borax-ext ractab le soil P w a s a round 2 0 p p m , 
w i t h the y i e l d response at 33 k g P 2 0 5 ha" 1 y r ' ( J a y m a n and S i v a s u b r a m a n i u m , 1 9 8 0 ) . I t 
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appears that these va lues m a y also have been taken into considerat ion w h e n the o p t i m u m 
nutr ient ranges cur ren t ly in use w e r e a r r ived at , in spite o f obv ious di f ferences b e t w e e n 
seed l ing a n d V P tea . 

Wet tas inghe a n d W a t s o n ( 1 9 8 0 ) studied the e f fect o f three levels o f N , P, K a n d M g o n 
lea f -nut r ient c o m p o s i t i o n , us ing long- te rm fer t i l iser tr ia ls w i t h V P teas g r o w n in l o w 
count ry condi t ions . T h e y f o u n d that increasing the rate o f N fer t i l iser resulted in an 
increase in l e a f - N concent ra t ion . A l t h o u g h the l e a f - N concent ra t ion increased w i t h 
increasing leve ls o f N fer t i l iser at each locat ion , the re lat ionship w a s not qu i te c lear 
w h e n the data w e r e p o o l e d , ind ica t ing the possible in f luence o f other factors such as 
c l imate , soi l t ype and c lone , o n the l e a f - N content . T h e authors op ined that there appeared 
to be a f i n e ba lance b e t w e e n N , K and M g , bu t f e l t i t w a s p remature to a t tempt t o d e f i n e 
cr i t ica l va lues f o r the var ious nutr ients f r o m these results. 

L a t e l y , a pot t r i a l car r ied out to test the a g r o n o m i c ef fect iveness o f increasing rates o f P 
us ing E p p a w a l a r o c k phosphate and T r i p l e super phosphate o n assessing the g r o w t h o f 
8 - m o n t h o l d tea plants f r o m T R I 3 0 7 2 in an U l t i s o l over a per iod o f 10 months s h o w e d 
that the P concentra t ion o f the f i rst mature l e a f corresponding to 9 5 % o f the m a x i m u m 
d r y mat ter y i e l d w a s a p p r o x i m a t e l y 0 . 1 8 % ( Z o y s a , 2 0 0 0 ) . 

N o a t tempt w a s m a d e t o c o m p a r e t h e diagnosis ranges a r r ived at f r o m the m o t h e r leaf , 
w i t h the cr i t ica l levels o f nutr ients in the th i rd l e a f o f the shoot ( B o n h e u r e a n d W i l l s o n , 
1 9 9 2 ) , as the concentra t ion o f N , P and K in the fo l i age decreases s ign i f icant ly w i t h l e a f 
m a t u r i t y ( H e t t i a r a c h c h i et a l . , 1 9 9 7 ) . A l s o , there exist s igni f icant d i f ferences b e t w e e n 
the cr i t ica l levels o f nutr ients in the uppermost mature l e a f w h e n c o m p a r e d to d iagnosis 
ranges in the m o t h e r leaf , a l though they appeared to be qui te s imi lar . 

I n genera l , soi l propert ies are re la ted to c l i m a t e , parent m a t e r i a l , l and r e l i e f a n d changes 
in use pat tern . A s the soils w e r e also co l lected s imul taneously w i t h l e a f samples f r o m 
each f i e l d in th is survey, an a t tempt w i l l be m a d e t o corre la te a l l the p lan t -ava i lab le soi l 
nut r ient levels w i t h lea f -nut r ient concentrat ions, and y i e l d data , in due course fo r a 
subsequent p u b l i c a t i o n . 

I t is ev iden t tha t the boundary - l ine approach can be used to upgrade nut r ien t -de f ic iency 
diagnosis in tea p lantat ions. I t is w o r t h w h i l e consider ing the nutr ient diagnosis ranges 
establ ished f o r V P teas fo r im p lem ent a t ion . 

«-» 

A n o t h e r advantage o f this technique is the ident i f ica t ion o f inc ip ient nu t r ien t -de f ic iency 
pr ior to . the presentat ion o f s y m p t o m s , a n d the possib i l i ty o f ear ly cor rec t ion o f such 
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def ic iencies to prevent a deleter ious ef fect on the o p t i m u m rate o f g r o w t h in V P tea 
plants. 

CONCLUSION 

I t is apparent that the so-ca l led o p t i m u m leaf -nut r ient ranges fo r tea in Sri L a n k a h a v e 
been deve loped w i t h l i m i t e d in fo rmat ion f r o m o n l y cer ta in areas. I t is n o w necessary to 
revise the standards, and the nutr ient diagnosis ranges, establ ished using the boundary -
l ine approach , can be used to i m p r o v e the u t i l i t y o f p lant - test ing in tea , w h e n a m o r e 
precise interpretat ion and nar rower ranges o f cr i t ica l va lues are war ran ted . 
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