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T h e p a r t t h a t t e m p e r a t u r e a n d h u m i d i t y p l a y i n t h e m a n u f a c t u r e of t e a a n d 
t h e in f luence of these t w o factors o n i t s l i q u o r i n g cha rac t e r i s t i c s h a v e l ong b e e n 
r e c o g n i s e d . E v e n before t h e leaf is p l u c k e d f rom t h e b u s h , t e m p e r a t u r e a n d 
h u m i d i t y in i t i a l ly d e t e r m i n e t o a g r e a t e x t e n t w h a t t h e p r o p e r t i e s of t h e final 
p r o d u c t a r e l ikely t o b e . W e k n o w , for i n s t a n c e , h o w t e m p e r a t u r e a n d h u m i d i t y 
v a r i a t i o n s of t h e a t m o s p h e r e c a n a p p r e c i a b l y a l t e r t h e cha rac t e r i s t i c s of a t e a , 
p a r t i c u l a r l y h i g h - g r o w n q u a l i t y . 

T h e m a r k e d i m p r o v e m e n t i n q u a l i t y d u r i n g d r y w e a t h e r u p - c o u n t r y is n o t 
m e r e l y d u e t o slow g r o w t h — g r o w t h is e q u a l l y s low i n w e t w e a t h e r . N o r c a n i t b e 
e n t i r e l y a q u e s t i o n of t e m p e r a t u r e b e c a u s e t e m p e r a t u r e s i n w e t w e a t h e r m a y b e 
j u s t as l o w as d u r i n g d r y p e r i o d s . T h e conc lus ion is i n e s c a p a b l e t h a t low h u m i d i t y 
m a k e s s o m e i m p o r t a n t c o n t r i b u t i o n t o t h e e n h a n c e m e n t of t h e d e s i r a b l e qua l i t i e s 
i n h e r e n t i n t h e b u s h . 

T e m p e r a t u r e b y itself is e q u a l l y i m p o r t a n t , as i n d i c a t e d b y t h e progress ive 
i m p r o v e m e n t i n q u a l i t y f rom sea- level t o h i g h e r a l t i t u d e s w h e r e a m b i e n t t e m p e r a ­
t u r e s a r e lower . F u r t h e r e v i d e n c e of t h e close r e l a t i o n s h i p w h i c h exists b e t w e e n 
t e m p e r a t u r e a n d l i q u o r i n g p r o p e r t i e s is p r o v i d e d d u r i n g t h e d r y w e a t h e r w h e n 
a t m o s p h e r i c t e m p e r a t u r e s fall t o v e r y low levels. A t s u c h t i m e s , f lavour is cons­
p i c u o u s a n d d i s a p p e a r s as soon as t h e n i g h t t e m p e r a t u r e s r i se . 

I n t h e l i gh t of th i s ev idence , w h i c h is c o m m o n k n o w l e d g e , w e m a y b e jus t i f ied 
i n c o n c l u d i n g t h a t , l e a v i n g as ide t h e effect of m a n u r i n g , s h a d e a n d o t h e r fac tors , 
c l i m a t i c c o n d i t i o n s h a v e a m o s t m a r k e d effect o n t h e n a t u r e of t h e final p r o d u c t . 
I t is m o r e t h a n p r o b a b l e t h a t t h e w a y in w h i c h these c o n d i t i o n s in f luence t h e m a d e 
t e a is b y t h e i r c o n n e c t i o n w i t h t h e a c t u a l t e m p e r a t u r e of t h e leaf. I f w e a s s u m e 
t h a t g r e e n leaf is a w e t b o d y , a n d t r a n s p i r a t i o n is t a k i n g p l a c e al l t h e t i m e , t h e 
t e m p e r a t u r e of t h e leaf o n t h e b u s h w o u l d n o t b e w i d e l y d i f ferent f rom t h e w e t -
b u l b t e m p e r a t u r e of t h e s u r r o u n d i n g a i r . A t t e n t i o n m u s t the re fore b e d i r e c t e d 
t o t h e i m p o r t a n c e of t h e w e t - b u l b t e m p e r a t u r e i n o u r r eckon ings . I t s in f luence 
i n al l s t ages of m a n u f a c t u r e as wel l wi l l b e seen as w e cons ide r e a c h process i n t u r n . 

Altitude of Factory 

O n e of t h e ear l ies t e x p e r i m e n t s c o n d u c t e d a n d r e p o r t e d i n c o n n e c t i o n w i t h 
t h i s a s p e c t ( P a l m e r , 1934) , c o n c e r n e d t h e m a n u f a c t u r e of m e d i u m - g r o w n leaf a t 
a h i g h e r e l e v a t i o n . T h e ob jec t w a s t o d e t e r m i n e w h e t h e r such leaf m a n u f a c t u r e d 
i n a f ac to ry a t a n e l e v a t i o n of 5 ,200 ft w o u l d c o m p a r e sufficiently f avou rab ly w i t h 
t h e s a m e leaf m a n u f a c t u r e d i n a f ac to ry a t a n e l eva t i on of 3 ,800 ft t o jus t i fy a c o m ­
b i n e d f ac to ry b e i n g b u i l t a t t h e h i g h e r e l e v a t i o n . 

T h e resu l t s w e r e q u i t e conc lus ive , t e a s m a n u f a c t u r e d a t t h e h i g h e r e l eva t i on 
b e i n g p r e f e r ab l e i n q u a l i t y a n d b r i g h t e r i n c u p . D u r i n g f a v o u r a b l e w e a t h e r 
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c o n d i t i o n s a s l ight s ign of flavour w a s n o t i c e a b l e , wh i l s t t e a s m a n u f a c t u r e d a t t h e 
l o w e r e l e v a t i o n d i d n o t possess f l avour a n d w e r e p o o r a n d p l a i n i n c o m p a r i s o n . 
T h e p r e s e n c e of f lavour a l o n e p u t t h e fo rmer t eas i n t o a d i f fe ren t class a n d t h e 
infused l ea f w a s also b r i g h t e r . A l t h o u g h t h e y d i d n o t c o m e u p t o t h e s a m e s t a n d a r d 
as h i g h - g r o w n leaf m a n u f a c t u r e d a t t h e h i g h e r e l eva t i on , t h e y lost m a n y of t h e 
cha rac t e r i s t i c s of t h e t eas m a n u f a c t u r e d a t t h e l o w e r e l e v a t i o n a n d t e n d e d t o a c q u i r e 
those of h i g h - g r o w n t ea s , d e s p i t e a d i f ference of o n l y a b o u t 4 ° F b e t w e e n t h e t w o 
fac tor ies . 

I t w a s c o n s i d e r e d t h a t t h e on ly fac to r w h i c h w a s respons ib le for t h e i m p r o v e ­
m e n t of t h e t ea s w a s e l eva t ion , a n d t h a t t h e resul t s jus t i f i ed t h e b u i l d i n g of a n 
a m a l g a m a t e d fac to ry a t t h e h i g h e r e l e v a t i o n . 

M a n u f a c t u r e of leaf g r o w n i n t h e l o w - c o u n t r y h a s b e e n d o n e f rom t i m e t o t i m e 
a t S t C o o m b s ( e l eva t ion a b o u t 4 ,000 f t ) . I t h a s b e e n o b s e r v e d t h a t a l t h o u g h t h e 
l o w - c o u n t r y c h a r a c t e r w a s n o t e n t i r e l y e l i m i n a t e d , i n a l m o s t al l i n s t a n c e s q u a l i t y 
w a s p r e s e n t i n t h e m a n u f a c t u r e d t eas . R e c e n t l y C l o n e T R I 25 g r o w n n e a r sea -
level a n d m a n u f a c t u r e d a t S t C o o m b s ( K e e g e l , 1961) g a v e a t e a w i t h l i t t l e f lavour 
a n d fair q u a l i t y a n d c o u l d a l m o s t h a v e passed as a h i g h - g r o w n t e a . Neve r the l e s s 
i n r e spec t of t he se t w o cha rac t e r i s t i c s i t d i d n o t c o m p a r e f a v o u r a b l y w i t h t h e s a m e 
c lone g r o w n a t S t C o o m b s . 

T h e m a i n fac to r p r o d u c i n g the se resu l t s co u l d h a r d l y h a v e b e e n a n y t h i n g b u t 
t e m p e r a t u r e . T h e r e a r e the re fore sufficient g r o u n d s t o be l i eve t h a t a i r - c o n d i t i o n i n g 
i n factor ies a t l ow e leva t ions w o u l d b e benef ic ia l , n o t m e r e l y i n ro l l ing r o o m s b u t 
d u r i n g w i t h e r i n g as wel l . W h e t h e r i t c a n b e economica l l y a c h i e v e d is d o u b t f u l . 

F u r t h e r e v i d e n c e of t h e effect of a l t i t u d e a n d t e m p e r a t u r e h a s b e e n p r o v i d e d 
b y t h e m a n u f a c t u r e a t S t C o o m b s of l ea f g r o w n in t h e N u w a r a E l i y a d i s t r i c t (e leva­
t i o n a b o u t 6,000 f t ) . D e s p i t e t h e fact t h a t t h e leaf w a s m a n u f a c t u r e d o n a n 
e x p e r i m e n t a l sca le , w h i c h k e p t t e m p e r a t u r e s r e l a t i ve ly l ow i n t h e rol lers , i n t h e 
r eg ion of 8 0 ° F , t h e h i g h e r a m b i e n t t e m p e r a t u r e s d u r i n g w i t h e r i n g a n d f e r m e n t i n g 
c a u s e d a loss of t h e N u w a r a E l iya c h a r a c t e r . T h e t ea s g a i n e d i n co lou r w i t h a 
c o r r e s p o n d i n g loss i n q u a l i t y . 

Pre-manufacture Influences 
Before t h e a c t u a l processes of m a n u f a c t u r e c o m m e n c e , c o n s i d e r a b l e d a m a g e 

to q u a l i t y cou ld t a k e p l a c e f rom t h e t i m e t h e leaf is p l u c k e d off t h e b u s h t i l l i t is 
s p r e a d for w i t h e r i n g . I f leaf is closely p a c k e d o r exposed u n d u l y t o t h e s u n , t h e 
h e a t g e n e r a t e d b y t h e mass of leaf, as a r e su l t of r e s p i r a t i o n , is p r e v e n t e d f rom 
e scap ing a n d u n d e r seve re c o n d i t i o n s c o u l d c a u s e r e d d e n i n g of t h e leaf. I f t h e 
leaf is p a r t l y b r u i s e d — n o lea f is e n t i r e l y free f rom b r u i s i n g b y h a n d l i n g — t h e h i g h 
t e m p e r a t u r e s c a u s e p r e m a t u r e f e r m e n t a t i o n a t a r a p i d r a t e bes ides h a v i n g a d e t r i ­
m e n t a l effect o n t h e q u a l i t y of t h e t e a . A c c o r d i n g t o T o c k l a i ( E v a n s , 1931) t e m ­
p e r a t u r e s u p t o 140°F m a y b e r e c o r d e d i n t h e m i d d l e of a p l u c k i n g b a s k e t , a n d a t 
th i s t e m p e r a t u r e l ea f w o u l d r e d d e n i n as l i t t l e as 10 m i n u t e s . 

D e s p i t e eve ry p r e c a u t i o n t a k e n , leaf a r r i v i n g a t t h e f ac to ry co u l d a t t a i n t e m ­
p e r a t u r e s a p p r o a c h i n g 90°F , d e p e n d i n g o n t h e a m b i e n t t e m p e r a t u r e , so t h a t 
neg l ec t i n p a c k i n g leaf p r o p e r l y a n d t r a n s p o r t i n g i t i n t h e q u i c k e s t poss ib le t i m e 
w o u l d r e su l t i n m u c h h i g h e r t e m p e r a t u r e s a n d a loss of q u a l i t y . T h o u g h t h e leaf 
m a y n o t r e d d e n , t h e r ise i n t e m p e r a t u r e b r o u g h t a b o u t b y t h e h e a t g e n e r a t e d 
w o u l d c a u s e c e r t a i n c h a n g e s t o t a k e p l a c e i n t h e leaf, w h i c h w o u l d b e d e t r i m e n t a l 
t o q u a l i t y . 
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T h e s a m e effect m a y b e p r o d u c e d af ter leaf is w i t h e r e d , b e c a u s e h e a p i n g of 
t h e l ea f for a n y l e n g t h of t i m e causes h e a t i n g a n d r e d d e n i n g . I t is for th i s r e a s o n 
t h a t b a d l y v e n t i l a t e d lofts a n d h o t - h o u s e c o n d i t i o n s a r e a lso c o n d e m n e d . I f t h e 
h e a t p r o d u c e d i n r e s p i r a t i o n is n o t d i s s ipa t ed , a se t of c o n d i t i o n s is c r e a t e d i n a 
w i t h e r i n g loft w h i c h is n o t v e r y d i s s imi la r f rom those i n a p l u c k i n g b a s k e t . T h e 
consc i en t i ous t e a - m a k e r , a w a r e of t h e ill-effects of excessive h e a t , goes t o a g r e a t 
d e a l o f t r o u b l e i n m a i n t a i n i n g t h e coolest c o n d i t i o n s poss ible i n w i t h e r i n g . 

I n e x p e r i m e n t s t o s t u d y t h e effect of l o w t e m p e r a t u r e s o n fresh a n d w i t h e r e d 
l ea f ( N o r r i s , 1944) , t h e resu l t s r e v e a l e d t h a t s u b j e c t i n g t h e fresh leaf t o l o w t e m ­
p e r a t u r e s i m p r o v e d t h e q u a l i t y c o n s i d e r a b l y , a n d t h a t f reezing b r o u g h t a b o u t a 
st i l l f u r t h e r i m p r o v e m e n t . S u b s e q u e n t w i t h e r i n g of s u c h leaf a t a m b i e n t t e m ­
p e r a t u r e s d e s t r o y e d th i s g a i n i n q u a l i t y . O n t h e o t h e r h a n d , l ea f t h a t h a d b e e n 
first w i t h e r e d a t n o r m a l t e m p e r a t u r e s a n d t h e n exposed t o cool c o n d i t i o n s failed 
t o p r o d u c e a t e a of t h e s a m e s t a n d a r d as t h a t o b t a i n e d af ter t h e coo l ing of u n w i t h e r e d 
leaf. 

T h e s e r e su l t s a g a i n g o t o s h o w t h a t t h o u g h s o m e i m p r o v e m e n t m a y b e effected 
b y l o w - t e m p e r a t u r e c o n d i t i o n s i n m a n u f a c t u r e , t h e a l l i m p o r t a n t fac to r is t h e 
t e m p e r a t u r e of t h e leaf p r i o r t o i t s m a n u f a c t u r e . T h e effect of a l t i t u d e is the re fo re 
n o m y s t e r y s ince , as l o n g as t r a n s p i r a t i o n is t a k i n g p l a c e f rom t h e leaf, i t s t e m ­
p e r a t u r e w o u l d r a r e l y r ise a b o v e t h e w e t - b u l b t e m p e r a t u r e of t h e a i r . O n th i s 
h y p o t h e s i s , e v e n u n d e r t h e w a r m e s t c o n d i t i o n s u p - c o u n t r y , l ea f before i t is p l u c k e d 
w o u l d b e a t a c o n s i d e r a b l y l o w e r t e m p e r a t u r e t h a n a t sea- level . I n t h e h e i g h t of 
a d r o u g h t , w h e n q u a l i t y a n d flavour a r e a t t h e i r be s t , l eaf t e m p e r a t u r e s a t n i g h t 
m a y b e o n l y a few d e g r e e s a b o v e f reez ing p o i n t , a n d i n t h e d a y t i m e w i t h r a p i d 
e v a p o r a t i o n p r o b a b l y n o t m o r e t h a n 50°F . S u c h c o n d i t i o n s of course a r e n e v e r 
p r e v a l e n t i n t h e l ow c o u n t r y . 

Withering 
T h e effect of t e m p e r a t u r e a n d h u m i d i t y i n th i s p rocess h a s b e e n s t u d i e d i n 

s o m e d e t a i l . I t h a s b e e n f o u n d t h a t a t t e m p e r a t u r e s as l o w as 50°F t h e r e s u l t a n t 
t e a s w e r e a p p r e c i a b l y i m p r o v e d i n q u a l i t y ( K e e g e l , 1954) . O n e s t r i k i n g f e a t u r e 
w a s t h e m a r k e d i m p r o v e m e n t i n t h e c o l o u r of t h e infused leaf. A t 100°F, a p e r i o d 
o f 2 h o u r s w a s sufficient t o c a u s e t h e infused l ea f t o b e d u l l e r t h a n a t n o r m a l t e m ­
p e r a t u r e s ( K e e g e l , 1951) . 

F u r t h e r w o r k o n l o w - t e m p e r a t u r e w i t h e r i n g ( K e e g e l , 1955) also r e v e a l e d t h a t 
' c o l d ' w i t h e r i n g is n o t o f m u c h benef i t t o l ea f r ea l ly l a c k i n g i n q u a l i t y . T r i a l s 
c a r r i e d o u t i n m o n s o o n a l w e a t h e r d i d n o t g ive s u c h p r o m i s i n g resu l t s as t h o s e 
o b t a i n e d a t o t h e r p e r i o d s t h a t w e r e f a v o u r a b l e t o t h e p r o d u c t i o n of q u a l i t y . 

C o l d w i t h e r i n g h a s also b e e n i n v e s t i g a t e d b y o t h e r w o r k e r s . H a l l a n d G l e n 
D i c k s o n ( 1 9 3 4 ) , e n q u i r i n g i n t o t h e causes w h i c h g o v e r n e d flavour, c a m e t o t h e 
c o n c l u s i o n t h a t h i g h - e l e v a t i o n flavour w a s b r o u g h t a b o u t b y cold d r y w e a t h e r a n d 
e n h a n c e d b y w i n d i n t h e p r e s e n c e of l o w h u m i d i t i e s . F r o m a n ana lys i s of g e n e r a l 
a t m o s p h e r i c c o n d i t i o n s p r e v a i l i n g i n t h r e e d i f ferent d i s t r i c t s d u r i n g flavoury a n d 
n o n - f l a v o u r y p e r i o d s , t h e y p u t f o r w a r d a t e n t a t i v e t h e o r y t h a t t h e c r i t i ca l t e m ­
p e r a t u r e t o w h i c h t h e t h e r m o m e t e r m u s t fall a t n i g h t before h i g h - e l e v a t i o n flavour 
b e c o m e s p r o n o u n c e d is 55 t o 60°F . Close o b s e r v a t i o n o v e r a c o n s i d e r a b l e p e r i o d 
c o n f i r m e d th i s a n d a lso t h a t t h e l o w e r t h e t e m p e r a t u r e d r o p p e d , t h e b e t t e r t h e 
flavour t h e n e x t d a y . 

T h e y a c c o r d i n g l y se t o u t t o see if t h e y co u l d g e t s i m i l a r resu l t s b y ar t i f ic ia l ly 
w i t h e r i n g m e d i u m - g r o w n l ea f a t t e m p e r a t u r e s b e l o w 6 0 ° F . I n a spec ia l ly c o n d i ­
t i o n e d s h e d t h e y w o r k e d w i t h a t e m p e r a t u r e of 4 0 ° F , b u t t h i s l o w t e m p e r a t u r e 
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c o m b i n e d w i t h a h i g h h u m i d i t y neces s i t a t ed a p r o l o n g a t i o n of t h e p e r i o d of w i t h e r 
t o 24 h o u r s a n d e v e n t h e n t h e y w e r e n o t a b l e t o g e t a sa t i s fac tory w i t h e r . N e v e r ­
theless , d e s p i t e th i s s h o r t c o m i n g a n d o t h e r difficulties e n c o u n t e r e d i n ro l l ing a n d 
f ir ing b e c a u s e of t h e r e l a t ive ly smal l a m o u n t of l ea f h a n d l e d , t h e l i quo r s w e r e f o u n d 
t o h a v e def in i te ly i m p r o v e d q u a l i t y ove r n o r m a l m a n u f a c t u r e a n d n e a r l y a l w a y s 
possessed s o m e flavour. T h e infusions w e r e a lso b r i g h t e r . 

W h e n h o w e v e r t h e y t r i ed t o i m p r o v e t h e w i t h e r b y first w i t h e r i n g i n a n o r m a l 
m a n n e r a n d t h e n c o m p l e t i n g i t i n t h e co ld shed , n o i m p r o v e m e n t r e s u l t e d . N e i t h e r 
d i d t h e y g e t s u c h g o o d resul t s a s c o m p l e t e l y c o l d - w i t h e r e d l ea f w h e n t h e w i t h e r 
w a s first d o n e u n d e r co ld c o n d i t i o n s a n d finished off i n t h e lofts. 

T o g e t a d e e p e r u n d e r s t a n d i n g of t h e in f luence of t e m p e r a t u r e i n w i t h e r i n g 
o n e m u s t a lso cons ide r t h e a m b i e n t r e l a t i v e h u m i d i t y , w h i c h con t ro l s t w o v e r y 
i m p o r t a n t factors t h a t affect q u a l i t y — n a m e l y , t h e t e m p e r a t u r e of t h e l ea f a n d t h e 
p e r i o d of w i t h e r . F o r i n s t a n c e , i t w a s found t h a t a t t e m p e r a t u r e s a s h i g h as 90°F , 
q u a l i t y w a s q u i t e def in i te ly i m p a i r e d a t a w e t b u l b t e m p e r a t u r e of 80° b u t n o t 
w h e n t h e l a t t e r w a s l o w e r e d t o 70° (Keege l , 1956) . I t w a s a lso o b s e r v e d t h a t t h e 
d e t r i m e n t a l effect of h i g h t e m p e r a t u r e s c o u l d b e r e d u c e d if w i t h e r i n g is c o m p l e t e d 
i n a s h o r t t i m e . 

T h e success a c h i e v e d b y s o m e factor ies b y ' fo rc ing ' a w i t h e r c o u l d b e p a r t l y 
a t t r i b u t e d t o l a r g e v o l u m e s of a i r c i r c u l a t i n g freely, w h i c h p r o m o t e t h e e v a p o r a t i o n 
of w a t e r f rom t h e leaf, t h u s k e e p i n g i t s t e m p e r a t u r e r e a s o n a b l y l ow . S h o u l d 
e v a p o r a t i o n o f w a t e r b e r e s t r i c t ed o r p r e v e n t e d , t h e t e m p e r a t u r e of t h e leaf is ra i sed 
a b o v e t h e a m b i e n t w e t - b u l b t e m p e r a t u r e a n d q u a l i t y suffers. U n p l e a s a n t c h a r a c t e r s , 
s u c h as du l lness a n d softness, a r e a l so b r o u g h t a b o u t , a n d t h e t eas m i g h t e v e n t a s t e 
s w e a t y a n d s t ewy . 

S i n c e b o t h t h e d r y - b u l b a n d w e t - b u l b t e m p e r a t u r e s i nc rea se w h e n a i r is h e a t e d , 
a n d e x p e r i m e n t a l e v i d e n c e sugges ts t h a t a w e t - b u l b t e m p e r a t u r e of ove r 80°F is 
h a r m f u l , i r r e spec t ive of t h e h y g r o m e t r i c d i f ference, l i t t l e c a n b e d o n e u n d e r low-
c o u n t r y c o n d i t i o n s t o p r e v e n t t h e loss of a n y i n h e r e n t q u a l i t y t h e l ea f m a y possess. 
A t h i g h e r e l eva t ions , b e c a u s e of t h e l o w e r a t m o s p h e r i c t e m p e r a t u r e s t h a t a r e p r e ­
v a l e n t , a i r for w i t h e r i n g cou ld b e h e a t e d t o a g r e a t e r e x t e n t , a n d a d r y - b u l b t e m ­
p e r a t u r e of e v e n 90"F cou ld b e e m p l o y e d a t c e r t a i n t i m e s w i t h o u t a se r ious d e t r i ­
m e n t a l effect. F o r c i n g a w i t h e r b y t h e use of h e a t e d a i r , even d u r i n g t h e flavoury 
season , h a s b e e n f o u n d t o b e p re fe rab l e t o e x t e n d i n g t h e w i t h e r b y n a t u r a l m e a n s 
(Keege l , 1960) . Neve r the l e s s , t h e e v i d e n c e is conc lus ive e n o u g h t o s h o w t h a t , 
p r o v i d e d w i t h e r i n g is n o t d e l a y e d , l ow t e m p e r a t u r e s a r e p r e f e r ab l e f rom t h e s t a n d ­
p o i n t of q u a l i t y . 

A n e x a m p l e of t h e h a r m f u l effects of h i g h - t e m p e r a t u r e w i t h e r i n g is p r o v i d e d 
i n t h e e x p e r i e n c e o b t a i n e d f rom w i t h e r i n g i n d r u m s i n E a s t Afr ica ( H u t t o n , 1959) . 
T h e o r ig ina l i d e a w a s t o w i t h e r t h e leaf i n t h e sho r t e s t poss ib le t i m e b y t h e e m p l o y ­
m e n t of t e m p e r a t u r e s of o v e r 100°F . I t w a s found t h a t t he se h i g h i n l e t - t e m p e r a t u r e s 
h a d q u i t e a d e t r i m e n t a l effect o n q u a l i t y . I t is n o t s u r p r i s i n g t h a t th i s r e su l t w a s 
o b t a i n e d b e c a u s e d a y - t i m e a m b i e n t t e m p e r a t u r e s w e r e of ten a b o v e 8 0 C F a n d 
e x h a u s t t e m p e r a t u r e s i n t h e d r u m i n t h e r e g i o n of 85°F . U n d e r t h e s e c o n d i t i o n s , 
l ea f i n t h e d r u m w o u l d h a v e n o t b e e n less t h a n 80°F a t a l l s t ages of t h e p rocess . 

I n t h e l i gh t of t h i s e x p e r i e n c e , i n l e t t e m p e r a t u r e s w e r e l o w e r e d t o 85°F a n d , 
t h o u g h t h e w i t h e r h a d t o b e e x t e n d e d , a n o t i c e a b l e i m p r o v e m e n t i n q u a l i t y w a s 
o b t a i n e d . T h e resu l t s w e r e so conc lus ive t h a t t h e i d e a o f a c c e l e r a t i n g t h e w i t h e r 
a t v e r y h i g h t e m p e r a t u r e s h a s b e e n a b a n d o n e d , a n d l o n g e r p e r i o d s a t l o w e r t e m ­
p e r a t u r e s a r e n o w t h e r e c o m m e n d e d m e t h o d for u s i n g t h e d r u m . 
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Rolling and Fermenting 
R o l l i n g is d i r e c t l y i n v o l v e d i n t h e r a t e of f e r m e n t a t i o n . C o n s i d e r a b l e h e a t is 

p r o d u c e d d u r i n g t h e process , p a r t l y d u e t o f r ic t ion a n d p a r t l y d u e t o t h e c h e m i c a l 
c h a n g e s w h i c h t a k e p l a c e . S i n c e f e r m e n t a t i o n b e g i n s as soon as t h e l ea f is c r u s h e d , 
t h e c o n d i t i o n s of ro l l ing m u s t h a v e a m o r e m a r k e d in f luence o n t h e q u a l i t y of t h e 
p r o d u c t t h a n t h e c o n d i t i o n s u n d e r w h i c h t h e d h o o l is f e r m e n t e d o n r ack s o r t ab l e s . 
I t is i n t h i s c o n t e x t t h a t w e h a v e t o e x a m i n e t h e in f luence of t e m p e r a t u r e i n fer­
m e n t a t i o n . 

A c c o r d i n g to i nves t i ga t ions c a r r i e d o u t b y M a n n o n D a r j e e l i n g t ea s ( E v a n s , 
1930a) t h e ea r l i e r s t ages of f e r m e n t a t i o n i n t h e ro l le rs a r e of spec ia l i m p o r t a n c e 
b e c a u s e t h e p r o d u c t i o n of essen t ia l oi ls , t o w h i c h t h e flavour of t e a is v e r y gene ra l l y 
a s c r i b e d , t akes p l a c e a t t h i s p e r i o d . T h e t i m e o f m a x i m u m f o r m a t i o n of t h e s e 
oils d e p e n d s t o a g r e a t e x t e n t o n t e m p e r a t u r e , a n d t h e r a t e a t w h i c h f e r m e n t a t i o n 
c o n t i n u e s a f te r t h e d h o o l s a r e s e p a r a t e d w o u l d also d e p e n d o n t e m p e r a t u r e . T h e r e 
is n o d o u b t t h a t t h e t e m p e r a t u r e d e v e l o p e d i n t h e ro l le rs m a y b e c o n s i d e r a b l y 
h i g h e r t h a n is d e s i r a b l e a n d l ead t o a ser ious loss of q u a l i t y . 

I n s o m e p r e l i m i n a r y e x p e r i m e n t s c a r r i e d o u t o n a s ing le d h o o l ( K e e g e l , 1957) , 
t h e resu l t s b o r e o u t p r a c t i c a l o b s e r v a t i o n s t h a t for e q u a l p e r i o d s , n o m a t t e r of 
w h a t l e n g t h , a l o w e r t e m p e r a t u r e p r o d u c e s b e t t e r q u a l i t y . I t w a s a lso n o t e d t h a t 
t h e h i g h e r t h e t e m p e r a t u r e t h e b e t t e r t h e co lour , b u t t h a t a t t e m p e r a t u r e s a b o v e 
9 0 ° F o r t h e r e a b o u t s , n o f u r t h e r i m p r o v e m e n t i n co lou r t akes p l a c e . 

I n m o r e a c c u r a t e c o m p a r i s o n s m a d e s u b s e q u e n t l y ( K e e g e l , 1958) w h e r e t h r e e 
d i f fe ren t t e m p e r a t u r e s , n a m e l y , 70 , 80 a n d 90°F , w e r e i n v e s t i g a t e d , t h e first resu l t s 
w e r e c o n f i r m e d — t e a s f e r m e n t e d a t 70°F w e r e t h e b e s t i n q u a l i t y . S h o r t e n i n g of 
t h e p e r i o d a t h i g h e r t e m p e r a t u r e s fai led t o p r e s e r v e q u a l i t y a n d , if c a r r i e d t o o far, 
p r o d u c e d a g r e e n i s h l i q u o r , n o t e n t i r e l y a c c e p t a b l e t o t h e t r a d e . F l a v o u r is a lso 
a f fec ted i n a s i m i l a r m a n n e r t o q u a l i t y b y h i g h t e m p e r a t u r e s ( K e e g e l , 1959) . 

T h e q u e s t i o n t h e n ar ises as t o w h a t is t h e lowes t l i m i t t o w h i c h t e m p e r a t u r e 
m a y b e r e d u c e d w i t h o u t ser ious ly in te r fe r ing w i t h t h e f e r m e n t i n g process a n d w i t h ­
o u t p r o d u c i n g a t e a l a c k i n g i n t h e essent ia l cha rac t e r i s t i c s . T h e t h r e e m a i n essen­
t ia ls a r e co lou r , s t r e n g t h , a n d q u a l i t y a n d t h e y a r e a l l d e v e l o p e d d u r i n g f e r m e n t a ­
t i o n . A t e a is n o t of m u c h v a l u e if a n y t w o of t h e s e c h a r a c t e r i s t i c s a r e a b s e n t . 
W e n e e d n o t c o n s i d e r l o w - c o u n t r y t ea s b e c a u s e p r i m a r i l y t h e y sell for t h e i r a p p e a r ­
a n c e . 

E x p e r i m e n t s c o n d u c t e d i n I n d o n e s i a (Len ige r , 1941) h a v e r e v e a l e d t h a t , a t a 
t e m p e r a t u r e of 50°F , t h e c h a r a c t e r s of t e a a r e n o t d e v e l o p e d a t t h e s a m e e x t e n t 
a s a t a h i g h e r t e m p e r a t u r e , h o w e v e r p r o l o n g e d t h e f e r m e n t a t i o n m a y b e . T h e 
use of ch i l l ed rol lers i n C e y l o n (Nor r i s , 1931) a lso s h o w e d t h a t f e r m e n t a t i o n p r o p e r 
t o o k p l a c e o n l y af ter t h e l ea f w a s exposed t o t h e h i g h e r t e m p e r a t u r e i n t h e ro l l ing 
r o o m . B u t a s a r e su l t o f t h e l o w e r t e m p e r a t u r e s i n t h e rol lers , t h e t ea s w e r e pre fe r ­
a b l e i n q u a l i t y a n d s t r e n g t h t o t h o s e ro l l ed i n t h e n o r m a l w a y . T h e a v e r a g e ro l l i ng 
t e m p e r a t u r e s c o m p a r e d w e r e 66° a n d 83°F a n d t h e r o o m t e m p e r a t u r e w a s 72°. 
I t w o u l d t h u s b e n o t e d t h a t t h o u g h t h e ro l le rs i n q u e s t i o n w e r e r e f r ige ra t ed a t 
t e m p e r a t u r e s of 30° t o 35°, a c o n s i d e r a b l e q u a n t i t y of h e a t w a s d e v e l o p e d d u r i n g 
r o l l i n g t o r a i se t h e t e m p e r a t u r e of t h e l ea f t o 66°F . I f t h i s h a d n o t b e e n so, v e r y 
l i t t l e f e r m e n t a t i o n w o u l d h a v e t a k e n p l a c e . 

I t h a s b e e n s t a t e d ( E v a n s , 1930) t h a t i n I n d o n e s i a s o m e of t h e es ta tes s i t u a t e d 
a t h i g h e l eva t i ons (5 ,500 ft) find t h e m o r n i n g t e m p e r a t u r e s so l ow t h a t a g o o d 
f e r m e n t a t i o n is n o t poss ible un less f e r m e n t i n g r o o m s a r e w a r m e d . Successful 
r e su l t s w e r e o b t a i n e d a t a t e m p e r a t u r e of 72°F c o u p l e d w i t h a h i g h h u m i d i t y . 
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N o i n f o r m a t i o n is a v a i l a b l e o n t h e t e m p e r a t u r e s of t h e leaf i n ro l l ing a n d i t is v e r y 
l ikely t h a t , o n a c c o u n t of t h e l i gh t ro l l ing i n v o g u e a t t h a t t i m e , sufficient h e a t 
w a s n o t d e v e l o p e d i n t h e ro l le rs . T o c o u n t e r a c t th is , h i g h e r t e m p e r a t u r e s w e r e 
f o u n d necessa ry for t h e dhoo l s . 

F u r t h e r e v i d e n c e of t h e o n s e t of f e r m e n t a t i o n b e i n g d e l a y e d b y v e r y cool 
c o n d i t i o n s w a s o b s e r v e d d u r i n g t h e co ld seasons w h e n l ea f ro l l ed i n t h e I n s t i t u t e ' s 
smal l - sca le ro l le rs fai led t o f e r m e n t p r o p e r l y i n t h e ro l l ing r o o m , w h i c h w a s a t a 
t e m p e r a t u r e of a b o u t 55°F ( L a m b , 1935) . By f e r m e n t i n g th i s leaf a t a t e m p e r a ­
t u r e o f a b o u t 65°F, fuller f e r m e n t a t i o n w a s o b t a i n e d w i t h b e t t e r c o l o u r a n d s t r e n g t h 
b u t w i t h n o loss i n q u a l i t y a n d f lavour . L e a f ro l l ed o n a c o m m e r c i a l sca le , h o w ­
ever , fa i led t o s h o w th i s i m p r o v e m e n t w h e n f e r m e n t e d a t 65°F b e c a u s e of t h e 
h i g h e r t e m p e r a t u r e s a t t a i n e d i n ro l l ing . 

E x p e r i m e n t a l e v i d e n c e of t h e in f luence of t e m p e r a t u r e h a s a l w a y s i n d i c a t e d 
t h e d e s i r a b i l i t y of w a r m t h i n ro l l ing a n d f rom o b s e r v a t i o n s m a d e o n a full c o m m e r ­
c ia l sca le a t S t C o o m b s d u r i n g cold w e a t h e r i t w a s f o u n d t h a t r ea l ly fine flavoury 
t eas cou ld b e p r o d u c e d e v e n a t ro l l ing t e m p e r a t u r e s of 8 5 - 9 0 ° F ( K e e g e l , 1956a) . 

C o n s i d e r i n g a l l t h e m a j o r p o i n t s w h i c h in f luence t h e process of f e r m e n t a t i o n , 
w h i c h i n c l u d e s ro l l ing , i t w o u l d a p p e a r t h a t w e c a n n o t d o w i t h o u t s o m e h e a t , 
a n d t h a t a t e m p e r a t u r e of a t l eas t 70°F is necessa ry a n d a n y t h i n g a b o v e 90°F is 
n o t s u i t a b l e . T h e effects of t e m p e r a t u r e i n f e r m e n t a t i o n o n t h e i n d i v i d u a l 
cha rac t e r i s t i c s of t e a , f rom t h e e v i d e n c e w e h a v e t o d a t e ( K e e g e l , 1955a ) , is s o m e ­
w h a t as follows, a l l t e m p e r a t u r e s g i v e n re fe r r ing t o t h e t e m p e r a t u r e of t h e leaf itself. 

Quality and flavour: (i) T e m p e r a t u r e s over 90°F a r e h a r m f u l , (ii) F o r e q u a l 
pe r iods , n o m a t t e r o f w h a t l e n g t h , t h e lower t h e t e m p e r a t u r e t h e b e t t e r . 

Colour: (i) H i g h t e m p e r a t u r e s i m p r o v e th i s c h a r a c t e r c o n s i d e r a b l y . A t 
t e m p e r a t u r e s a b o v e 90°F d e v e l o p m e n t o f c o l o u r is a p t t o b e c h e c k e d ; i t is m o s t 
m a r k e d b e t w e e n 70 a n d 80°, a n d s low b e l o w 70°. 

Strength: T h i s c h a r a c t e r does n o t a p p e a r t o b e m a r k e d l y affected b y h i g h 
t e m p e r a t u r e s . 

Infusion: T h e lower t h e t e m p e r a t u r e , t h e b r i g h t e r t h e infusion. 

A c c o r d i n g to ea r ly w o r k e r s ( E v a n s , 1930b) , h u m i d i t y of t h e a i r w a s cons ide r ed 
t o p l a y a n i m p o r t a n t p a r t i n f e r m e n t a t i o n . A h u m i d a t m o s p h e r e assisted i n t h e 
p r o d u c t i o n o f t h e d e s i r a b l e p r o p e r t i e s i n f e r m e n t i n g leaf, w h e r e a s a d r y a t m o s p h e r e 
r e s u l t e d i n t h e p r o d u c t i o n o f d a r k - b r o w n in so lub le c o m p o u n d s . I nves t i ga t i ons 
c a r r i e d o u t a t S t C o o m b s , h o w e v e r , h a v e n o t p r o v e d conclus ive ly t h e a b s o l u t e 
n e e d for i t . I t is t r u e t h a t f e r m e n t a t i o n m a y b e s l igh t ly r e t a r d e d b y a l o w e r 
h u m i d i t y , b u t t h e s u p p o s e d h a r m f u l effects f rom e x p o s u r e o f f e r m e n t i n g l ea f t o a n 
a t m o s p h e r e w h i c h is n o t h u m i d h a v e of ten b e e n o v e r - e s t i m a t e d . 

I n a series of e x p e r i m e n t s w h e r e t w o se ts of c o n d i t i o n s w e r e c o m p a r e d — a 
h y g r o m e t r i c d i f fe rence of 2°F w i t h t h a t o f 4 ° — n o di f ference o f c o m m e r c i a l i m p o r t ­
a n c e w a s f o u n d i n t h e cha rac t e r i s t i c s of t h e t eas o v e r t h e n o r m a l r a n g e of f e r m e n t i n g 
p e r i o d s ( K e e g e l , 1953) . I n a n o t h e r i nves t i ga t i on w h e r e t h e h y g r o m e t r i c d i f fe rence 
w a s m u c h h i g h e r , as m u c h as 15°F, t h e t eas w e r e n o t u n f a v o u r a b l y r e p o r t e d o n 
( E v a n s , 1933) . 

T h e s e p a r a d o x i c a l r e su l t s c o u l d p r o b a b l y b e e x p l a i n e d b y t h e in f luence o f 
t h e a c t u a l t e m p e r a t u r e of t h e leaf, w h i c h is g o v e r n e d b y t h e w e t - b u l b t e m p e r a t u r e 
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of t h e a i r , j u s t as i n w i t h e r i n g . So i t w o u l d a p p e a r t h a t w h a t is of g r e a t e r i m p o r t ­
a n c e i n f e r m e n t a t i o n is t e m p e r a t u r e a n d n o t h u m i d i t y . W h y t h e n shou ld w e g o 
t o t h e t r o u b l e a n d e x p e n s e o f p r o v i d i n g h u m i d i f y i n g a p p l i a n c e s i n ro l l ing r o o m s ? 
I f t h i s is n o t d o n e , t h e m o s t s u i t a b l e c o n d i t i o n s w o u l d n o t b e a v a i l a b l e for ro l l ing 
a n d f e r m e n t i n g . I n h u m i d i f y i n g a i r w e also l o w e r t h e t e m p e r a t u r e , so t h a t t h e 
g r e a t e s t benef i t d e r i v e d f rom efficient h u m i d i f i c a t i o n is n o t t h e h i g h e r h u m i d i t y 
b u t t h e l o w e r t e m p e r a t u r e . 

T h e t e m p e r a t u r e of fir ing is n o longe r a fad o r fancy . I t h a s b e e n p r o v e d 
conc lus ive ly ( L a m b , 1941) t h a t i n a s ingle f i r ing o p e r a t i o n , firing a b o v e 190°F is 
i n ju r i ous t o q u a l i t y a n d t h a t w h i l e firing a t 160° p r o d u c e s t eas of b e t t e r q u a l i t y 
w h e n fresh, t he se teas a r e u n c e r t a i n i n k e e p i n g p r o p e r t i e s e v e n w h e n s to red a t 
l o w m o i s t u r e c o n t e n t s . P u n g e n c y , q u a l i t y a n d flavour w h e n p r e s e n t , d e p r e c i a t e 
w i t h r ise of t e m p e r a t u r e e m p l o y e d i n f i r ing. C o l o u r a n d s t r e n g t h a r e n o t affected 
t o a n y m a r k e d e x t e n t ( L a m b , 1939) . T h e m a i n effect of firing t e m p e r a t u r e is 
obv ious ly o n q u a l i t y . I n a series of e x p e r i m e n t s i n w h i c h c o m p a r i s o n s w e r e m a d e 
b e t w e e n t ea s fired a t 160°, 190° a n d 210°F, t h e bes t a l l r o u n d teas w e r e o b t a i n e d 
a t 190° ( L a m b , 1942) . 

A s e c o n d t r e a t m e n t w i t h h o t a i r resu l t s i n a loss of q u a l i t y , w h i c h is m o s t 
m a r k e d i n t ea s r e q u i r i n g final firing o w i n g t o a g a i n i n m o i s t u r e c o n t e n t ( L a m b , 
1942) . T e a s s t o r e d i n a h o t c o n d i t i o n also lose q u a l i t y a n d a c q u i r e a b a k e y 
c h a r a c t e r ( L a m b , 1942) . 

O n a c c o u n t of t h e h i g h t e m p e r a t u r e s e m p l o y e d i n firing a n d t h e low h u m i d i t y 
of t h e h e a t e d a i r , v a r i a t i o n s i n t h e h u m i d i t y of t h e a t m o s p h e r e h a v e n o effect o n 
t h e process b u t t h e y c e r t a i n l y d o c o n t r o l t h e r a t e a n d d e g r e e of s u b s e q u e n t a b s o r p ­
t i o n of m o i s t u r e b y t h e m a d e t e a . 

T e a confo rms t o wel l k n o w n phys i ca l l aws , t h e a m o u n t of w a t e r v a p o u r t a k e n 
u p t e n d i n g t o es tab l i sh a n e q u i l i b r i u m w i t h t h e w a t e r v a p o u r of t h e a t m o s p h e r e . 
T h e a t t r a c t i o n t e a h a s for w a t e r is so s t r o n g t h a t i n a h u m i d a t m o s p h e r e i t a b s o r b s 
m o i s t u r e r a p i d l y . T e a c a n also lose m o i s t u r e a t l ow h u m i d i t i e s . I n a n a t m o s p h e r e 
of r e l a t i v e h u m i d i t y 6 0 - 6 5 % , w h i c h c o r r e s p o n d s to a h y g r o m e t r i c d i f ference of 
a b o u t 10°F, t h e r ise i n m o i s t u r e c o n t e n t of n o r m a l t e a is v e r y sma l l a n d s low ( L a m b , 
1 9 3 5 a ) . 

M a n y yea r s a g o t h e r e used t o b e f r e q u e n t c o m p l a i n t s w i t h r e g a r d t o d e t e r i o r a ­
t i o n of t e a i n t r a n s i t t o L o n d o n a n d i t w a s f o u n d t h a t i n a g o o d m a n y cases of s u c h 
f a d i n g - o u t , t h e d e t e r i o r a t i o n h a d b e e n t h e r e su l t of t eas h a v i n g b e e n d e s p a t c h e d 
w i t h t o o h i g h a m o i s t u r e c o n t e n t . T h e u n f a v o u r a b l e effect of i nc rea se i n m o i s t u r e 
c o n t e n t as a r e su l t of i nc rea se i n h u m i d i t y is r e v e a l e d i n t h e fo l lowing figures 
( N o r r i s , 1939) . 

Firing 

Storage 

Average valuation 
T e a fired t o 3 % m o i s t u r e a n d s to red a t 3 % 
M o i s t u r e r a i s ed t o 5 % . . . 

t i u u / o . . . 

d o . 6 % . . . 
d o . 7 % . . . 

8 3 c t s . 

( pe r iod of s t o r a g e — 4 weeks) 
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A t t h e t i m e th i s i n v e s t i g a t i o n w a s c a r r i e d o u t , m a r k e t p r i ces for u p - c o u n t r y 
t ea s w e r e i n t h e r e g i o n of 75 c t s . T h e r e a p p e a r s t o b e a r o u g h l y l i n e a r r e l a t i o n 
b e t w e e n m o i s t u r e c o n t e n t a n d dec l i ne i n p r i c e . 

T e a s d o n o t k e e p i n d e f i n i t e l y — t h e y d e t e r i o r a t e w i t h t i m e , h o w e v e r careful ly 
t h e y m a y b e s t o r e d — b u t t h e l o w e r t h e i r m o i s t u r e c o n t e n t t h e l o n g e r t h e y c a n b e 
p r e s e r v e d . T h e h i g h e r t h e m o i s t u r e c o n t e n t t h e fas ter t h e d e t e r i o r a t i o n , a n d if 
t h e p e r i o d of s t o r a g e is e x t e n d e d t h e d e t e r i o r a t i o n is so m a r k e d t h a t o n l y f inal 
f i r ing c o u l d a r r e s t i t . W e d o n o t y e t u n d e r s t a n d fully w h a t c h a n g e s t a k e p l a c e 
i n t h e t e a t o b r i n g a b o u t s u c h a d e t e r i o r a t i o n . T o g u a r d a g a i n s t excessive ga in s 
i n m o i s t u r e , i t is q u i t e o b v i o u s t h a t w e m u s t h a v e s o m e c o n t r o l ove r t h e h u m i d i t y 
of t h e a i r i n t h e g r a d i n g r o o m w h i l e w o r k is i n p rogress . 

I t is p e r h a p s n o t rea l i sed t h a t t e m p e r a t u r e a lso inf luences t h e p r o p e r t i e s of a 
t e a d u r i n g s t o r a g e . I f t h e m o i s t u r e c o n t e n t is h i g h , t e a s wi l l d e t e r i o r a t e m o r e 
r a p i d l y i n a w a r m c l i m a t e t h a n i n a co ld c l i m a t e ( L a m b , 1 9 3 5 a ) . I n s o m e r e c e n t 
i nves t iga t ions t ea s s to red i n m o i s t u r e - p r o o f p a c k a g e s i n a d o m e s t i c r e f r ige ra to r 
w e r e f o u n d t o h a v e b e t t e r co lour , s t r e n g t h a n d q u a l i t y t h a n s imi l a r s amp le s s to red 
i n a r o o m w h e r e t h e a m b i e n t t e m p e r a t u r e w a s a b o u t 70°F . T h e t eas s t o r e d a t 
t h e h i g h e r t e m p e r a t u r e a lso lost s o m e flavour. T h e p e r i o d of s t o r a g e w a s 3 m o n t h s . 

T h e s u m t o t a l of a l l t h i s e v i d e n c e h a s b o i l e d d o w n t o o n e s i m p l e fac t , n a m e l y 
t h a t q u a l i t y is lost b y e x p o s u r e o f l e a f t o excessive t e m p e r a t u r e s r i g h t u p t o t h e 
t i m e i t r e a c h e s t h e c o n s u m e r . T h e r e is s o m e q u a l i t y i n l ea f a t a l l e l eva t ions , 
w h i c h is in i t i a l ly b r o u g h t o u t o r d e s t r o y e d b y s u c h fac tors as t e m p e r a t u r e a n d 
h u m i d i t y . W e d o n o t p r e t e n d t o b e a b l e t o i n t r o d u c e m o r e q u a l i t y t o leaf i n t h e 
p rocess of m a n u f a c t u r e . W e wi sh w e c o u l d . B u t w e c a n h e l p t o k e e p w h a t 
q u a l i t y t h e r e is i n t h e l ea f o r a t l ea s t r e d u c e i t s loss t o a m i n i m u m b y coole r c o n d i ­
t i ons i n a l l s t ages of m a n u f a c t u r e . 
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