
S.U Tea Sci. 69(1 & 2), 27-39, 2004, Printed in Sri Lanka 
(Reproduced from the Proceedings of the First Symposium on Plantation Crop Research published 
in July 8-9, 2004) 

Shade In Tea: Is It Beneficial? 
A J M o h o t t i 

Physiology Division, Tea Research Inst i tute, Talawakele , Sri Lanka 

ABSTRACT 

Shade is considered as a necessary management practice in tea. However, there 
is still much debate on the necessity of shade in tea plantations. This paper deals 
with some physiological responses of tea due to shade in several experiments, 
two long term experiments carried out in St Coombs Estate, Talawakele (1,372 
m amsl) and one experiment with pot grown young tea plants in a growth chamber. 

In field grown tea, the maximum photosynthesis (A^J of unshaded leaves was 
found to be nearly 40% less than shaded, indicating the increased capacity of 
shaded leaves for higher productivity. Under increased N input, the gap of A ^ 
between shaded and unshaded leaves narrowed down. The total linear electron 
transport rate was found to be similar in both shaded and unshaded leaves. The 
allocation of electron transport products to C 0 2 fixation was higher in shaded 
leaves, which was about 50% less in unshaded leaves than in shaded leaves. 
Conversely, allocation of electron transport products to photorespiration was 
significantly larger in unshaded leaves. The photosynthesis of field grown tea in 
several seasons with different climatic conditions showed that when there was 
high incident radiation intensity, the rates of photosynthesis were significantly 
low. F y /F r a , which is a measure of photoinhibition was significantly lower in 
unshaded tea leaves. None of the other parameters, i.e. leaf temperature were 
significantly different between shaded and unshaded leaves, indicating the 
decrease in photosynthesis is due to photoinhibition. Interestingly in terms of 
the physiological responses, the best microclimate to the tea was provided under 
the shade of Grevillea robusta L. 

In summary, shade can be considered as essential and beneficial for tea, in addition 
to the other known advantages such as nitrogen fixation, harbouring natural 
enemies of tea pests , moisture conservation and biodiversity aspects. 
Identification of alternate species of shade trees with favorable microclimate 
and low competition with tea for tea plantations will have to be carried out in 
order to sustain the long term stability. 
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INTRODUCTION 
Shade is considered as an impor tant m a n a g e m e n t pract ice in tea , but also subjected to 
m u c h controversy. I n its nat ive habitats tea has been g r o w i n g under the shade o f forest 
t rees ( E d e n , 1 9 7 6 ) . T h e history o f the establ ishment o f Shade in T e a Plantat ions dates 
b a c k t o 1 8 0 0 ( D u t t a , 1 9 6 1 ; M u r t h y , 1 9 9 6 ) . M a s t e r s ( 1 8 6 3 ) c l a i m e d that the A s s a m tea 
does no t appear to thr ive w e l l in the in fer ior soils w h e n exposed to the f u l l sunl ight , 
h e n c e r e c o m m e n d e d part ia l shade fo r tea . F o l l o w i n g this, p lan t ing tea under the shade 
o f t rees, m a i n l y Albizzia chinensis b e c a m e the pract ice in I n d i a ( B a r u a , 1 9 8 9 ) . T h e 
pract ice o f us ing shade trees spread f r o m N o r t h East I n d i a to South I n d i a , S r i L a n k a , 
Indones ia a n d A f r i c a . Since then , shade has been a subject o f m u c h debate: S o m e authors 
c l a i m that the y i e l d increase under shade ( B a r u a and G o g o i , 1 9 7 9 ; H a d f i e l d , 1 9 6 2 ) , 
some c l a i m that there are decreasing y ie lds under shade ( M c C u l l o c h et a l . , 1 9 6 5 ; O b a g a 
a n d O t h i e n o , 1 9 8 7 ; O t h i e n o , 1 9 8 3 ) w h i l e others c l a i m there are no y i e l d responses. 

I n the m i d 6 0 ' s shade w a s r e m o v e d f r o m tea plantat ions in Sr i L a n k a , o w i n g to the 
increase o f the l e a f disease 'b l is ter b l igh t ' caused b y the fungus Exobasidium vexans. 
H o w e v e r , b y about 1 9 7 0 it w a s rea l i zed that several problems occur as a result o f shade 
r e m o v a l , caus ing a y i e l d drop as m u c h as 2 5 % . A s a result , the shade trees w e r e re ­
in t roduced ( S i v a p a l a n , 1 9 9 3 ) . 

H o w e v e r , there is st i l l m u c h debate on the necessity o f shade in tea plantat ions. T h i s 
paper deals w i t h some physiological responses o f tea due to shade, in several exper iments . 
M a i n focus w a s on tea photosynthesis and some o f its part ia l processes as photosynthesis 
is regarded as the d r i v i n g force o f p lant product iv i ty . 

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

T w o l o n g t e r m exper iments w e r e car r ied out in f i e l d n u m b e r 8 at St C o o m b s Esta te , T e a 
R e s e a r c h Inst i tu te , T a l a w a k e l e , Sr i L a n k a ( la t i tude 6° 55 ' N , long i tude 80° 4 0 ' E and 
a l t i tude 1 ,382 m a m s l ) and one e x p e r i m e n t w i t h pot g r o w n y o u n g tea plants in a g r o w t h 
chamber . 

E x p e r i m e n t 1 

T h i s e x p e r i m e n t w a s carr ied out d u r i n g Ju ly 1996 to June 1 9 9 9 . I n this e x p e r i m e n t , 
m a t u r e tea p lanted in 1 9 6 4 o f the cu l t i va r T R I 2 0 2 5 w a s used. T h i s f i e l d e x p e r i m e n t 
c o m p r i s e d o f 3 shade levels , i.e. 7 0 % , 3 5 % and 0 % shade and 3 N levels , i.e. 0 , 3 6 0 and 
7 0 0 k g h a - 1 y r 1 . T h e shade w a s p rov ided w i t h b lack ny lon net t ing. T h e s e t reatments (3 
factor fac tor ia l ) w i t h 3 replicates w e r e arranged in a comple te ly randomized b lock design. 
O n a c lear day, the leaves on top o f the c a n o p y rece ived about 1 ,750 u,mol n r 2 s _ l P A R 
d u r i n g m i d - d a y . T h e plots w e r e a p p r o x i m a t e l y 16 m 2 area conta in ing a p p r o x i m a t e l y 2 6 
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plants. I n this paper o n l y the results o f the e x t r e m e t reatments , i.e. H i g h shade ( 7 0 % 
shade) , unshaded, h i g h N ( 7 0 0 k g N h a - 1 y r ' ) and n o N ( 0 k g N h a - 1 y r 1 ) t reatments w i l l 
be discussed. 

E x p e r i m e n t 2 

T h i s e x p e r i m e n t w a s carr ied out f r o m A p r i l 2 0 0 1 onwards . I n this exper iment , m a t u r e 
tea p lanted i n 1 9 6 4 o f the cu l t ivar T R I 2 0 2 5 w a s used. T h e exper iment had 3 5 % shade 
( p r o v i d e d b y b l a c k n y l o n net t ing) , 0 % shade and the shade prov ided b y Grevillearobusta 
L. as t reatments w i t h 3 repl icates, ar ranged in a r a n d o m i z e d b lock design. A l l o ther 
m a n a g e m e n t pract ices w e r e carr ied out as per T R I recommendat ions . O n a c lear d a y the 
leaves o n top o f the canopy rece ived about 1 ,750 umol n r 2 s - 1 P A R d u r i n g m i d - d a y . I n 
the shade tree p lo t the tree w a s in the m i d d l e o f the p lot . T h e plots w e r e a p p r o x i m a t e l y 
16 m 2 area con ta in ing a p p r o x i m a t e l y 2 6 plants. 

T h e measurements w e r e m a d e in 2 0 0 2 - 2 0 0 3 o n days w i t h d i f ferent c l imat ic condi t ions. 
F o u r categories w e r e selected to represent most c o m m o n c l imat ic condit ions exper ienced 
in the reg ion , based o n the c loud cover and the l ight intensity. T h e y w e r e n a m e d as; A 
(br ight , c lear days w i t h n o c louds, rece iv ing an average P A R about 1 ,750 u m o l n r 2 s* 1 ) , 
8 ( m o r n i n g br ight and clear, but a f ternoon overcast sky w i t h intermit tent c loud c o v e r ) , 
C ( m o r n i n g and e v e n i n g overcast sky w i t h a c l o u d cover , but m i d - d a y br ight ) and D 
(overcast th roughout the day, w i t h no br ight sunshine, w i t h P A R rang ing b e t w e e n 1 0 0 -
5 0 0 u m o l n r 2 s' 1 o v e r the d a y ) . F o r day category A , measurements w e r e taken on t w o 
seasons (season one in A p r i l 2 0 0 1 and season t w o in M a r c h 2 0 0 2 ) : P A R and rate o f 
photosynthesis ( A ) are presented for both seasons w h i l e other parameters o f both seasons 
w e r e m e r g e d f o r easiness o f the discussion. U n d e r each category, measurements w e r e 
repeated at least o n four s imi lar , consecut ive days , w h i c h w e r e taken as repl icates f o r 
statistical analysis . 

E x p e r i m e n t 3 
T h i s e x p e r i m e n t w a s carr ied out at I A C R - R o t h a m s t e d , H a r p e n d e n , U K , in 1 9 9 8 . I n this 
e x p e r i m e n t , 1 year o l d tea plants o f the cu l t ivar T R I 2 0 2 5 g r o w n in peat based compost 
( p H = 4 . 5 ) f i l l e d plast ic pots ( 4 L v o l u m e ) , suppl ied w i t h T 6 5 nursery m i x t u r e as per 
recommendat ions , w e r e used. T h e plants w e r e g r o w n in a g r o w t h chamber , acc l imat i zed 
at d i f fe rent l ight intensit ies fo r 2 months (shaded, i.e. a p p r o x i m a t e l y 1 5 0 - 2 5 0 u,mol m 2 

s"1 P A R a n d unshaded, i.e. 6 5 0 - 7 5 0 u.mol n r 2 s _ l P A R ) be fore measurements w e r e t a k e n . 

M e a s u r e m e n t s 
P h o t o s y n t h e s i s a n d c h l o r o p h y l l f l u o r e s c e n c e M e a s u r e m e n t s 
I n a l l the exper iments mature leaves w i t h a s w o l l e n , act ive a x i l l a r y bud w a s used fo r the 
measurements . R a t e o f photosynthesis and c h l o r o p h y l l a f luorescence w e r e measured 
on intact, hea l thy leaves. 
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I n exper iments 1 and 2 , w a t e r v a p o u r and C 0 2 exchange o f the leaves w e r e measured at 
a m b i e n t C 0 2 concentrat ion ( a p p r o x i m a t e l y 3 6 0 j i m o l mol" 1 ) a n d natura l l ight intensit ies 
using a portable photosynthesis mete r ( m o d e l : L I - 6 2 0 0 , L i - C o r inc. , U S A ) . Measurements 
w e r e m a d e f r o m 5 .30 a . m . to 7 . 3 0 p . m . at t w o hour ly intervals . T w o s imi la r leaves on top 
o f the canopy w e r e used in each t rea tment . A l l the measurements w e r e m a d e w h e n the 
leaves w e r e enclosed i n the chamber . C h l o r o p h y l l a f luorescence o f photosystem I I w a s 
measured us ing a por table m o d u l a t e d f luorescence mete r ( m o d e l O S - 1 0 0 , O S L O G - P P 
Systems, H i t c h i n , H e r t s , U K ) , soon af ter the photosynthesis measurements . F ' o w a s 
es t imated us ing F o , F m , F s , a n d F ' m ( O x b o r o u g h a n d B a k e r , 1 9 9 7 ) . T h e F o a n d F m 

measurements w e r e taken a f ter c o m p l e t e l y da rken ing a set o f s im i la r leaves for a per iod 
o f at least 4 5 minutes us ing d a r k adapted cuvettes p rov ided b y the manufacturer . W h e n 
f luorescence reached a steady-state ( F s ) in leaves exposed to act in ic l ight , a saturat ing 
l ight pulse w a s app l ied to obta in the m a x i m a l f luorescence under act in ic l ight ( F ' m ) . 
I m m e d i a t e l y af ter the photosynthesis and f luorescence measurements l e a f disks o f 10 
c m 3 w e r e taken us ing a cork borer, d ipped in co ld M C W ( 6 0 % m e t h a n o l , 2 5 % c h l o r o f o r m 
and 1 5 % dist i l led w a t e r ) and f r o z e n in - 2 0 °C and a n a l y z e d fo r the content o f to ta l 
sugars and starch. 

I n e x p e r i m e n t 3 , a s ix -chamber open-c i rcu i t gas exchange system w i t h automat ic da ta 
h a n d l i n g ( A D C , m o d e l 2 2 5 M K 3 I R G A , H o d d e s d e n , H e r t s , U K ) w a s used. Photon f l u x 
w a s p rov ided w i t h m e t a l ha l ide p h o t o - f l o o d lamps. T h e l ight w a s passed through a co ld 
w a t e r f i l te r to r e m o v e I R and U V radia t ions, to m a i n t a i n tempera ture . T h e rates o f to ta l 
l inear e lectron transport , the a l loca t ion o f e lectron transport products to C 0 2 f i x a t i o n 
and photorespirat ion w e r e ca lcu la ted accord ing to Ghashgha ie and C o r n i c ( 1 9 9 4 ) us ing 
the gas exchange and f luorescence measurements . 

Total soluble sugar and hot water soluble starch 
T h e samples m e n t i o n e d in e x p e r i m e n t 2 , w e r e h o m o g e n i z e d us ing a h o m o g e n i z e r ( k H a 
L a b o r t e c h i n k m o d e l T 8 ) a n d s o l u b l e a n d i n s o l u b l e f r a c t i o n s w e r e s e p a r a t e d b y 
cent r i fugat ion at 4 °C fo r 3 minu tes . T h e pel le t w a s kept f o r starch analysis. A n equa l 
v o l u m e o f d is t i l led w a t e r and c h l o r o f o r m ( 1 0 c m 3 ) w a s added to the supernatant, shaken 
and separated into c h l o r o f o r m and aqueous methano l phases b y cent r i fugat ion . T h e 
c h l o r o f o r m f rac t ion w a s d iscarded and methano l - w a t e r f rac t ion w a s r e m o v e d and used 
fo r the tota l sugar content de te rmina t ion : to 5 0 u.1 o f the sample , 0 .9 c m 3 o f anthrone 
reagent conta in ing 0 . 1 5 % w / v anthrone in 7 5 % sulphur ic ac id w a s added, m i x e d and 
incubated in 4 0 °C f o r 2 0 minutes in a wa te r bath . Each sample w a s repl icated t w i c e . 
O p t i c a l densi ty w a s read at 6 3 0 n m in a spectrophotometer ( m o d e l G B C U V / V I S 9 1 1 A , 
G B C Sc ient i f ic E q u i p m e n t P v t L t d . , V i c t o r i a , A u s t r a l i a ) in disposable plastic cuvettes, 
against a b lank . A standard curve w a s prepared us ing sugars o f k n o w n concentrat ions 
and absorbance, and the sugar concentrat ion per uni t l e a f area w a s ca lculated per un i t 
l e a f area. 
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Starch content o f leaves w a s est imated in the pel le t as f o l l o w s : First it was extracted 
w i t h 10 c m 3 8 0 % m e t h a n o l to r e m o v e traces o f sugar. T h e extract was then centr i fuged 
at 5 0 0 0 r p m fo r 3 0 m i n u t e s , and supernatant w a s d iscarded. T o the residue, 10 c m 3 

dist i l led w a t e r w a s a d d e d , w e l l m i x e d and heated in a w a t e r bath at 100 °C for 3 0 minutes . 
I t w a s then cent r i fuged a t 5 0 0 0 r p m fo r 3 0 m i n , supernatant w a s col lected in 10 c m 3 

vo lumet r i c f lasks a n d m a d e up to the v o l u m e . T w o drops o f a m i x t u r e o f iodine ( I 2 ) and 
potassium iod ide ( K I ) w a s added to the solut ion and the absorbance measured at 6 6 0 n m 
w a v e l e n g t h against a b lank . A standard curve w a s prepared us ing k n o w n concentrat ions 
o f starch and absorbances, and starch concentrat ion per un i t l e a f area w a s ca lcu la ted. 

D a t a w e r e a n a l y z e d us ing S A S and Genstat statist ical packages. 

R E S U L T S 

F i g . 1 represents the l ight response curves o f f i e l d g r o w n tea in exper iment 1 . T e a leaves 
at ta ined l ight saturat ion a round 8 0 0 u,mol n r 2 s"1. T h e m a x i m u m photosynthesis ( A m a ] ( ) 
o f unshaded leaves w a s f o u n d to be near ly 4 0 % less than the shaded, ind icat ing the 
increased photosynthet ic capaci ty o f shaded tea leaves. T h e y also had re la t ive ly l o w 
apparent q u a n t u m y ie lds a n d larger dark respirat ion va lues ( T a b l e 1) . U n d e r increased 
N input , the gap o f A b e t w e e n shaded and unshaded leaves nar rowed d o w n . 

Table 1 . M e a n photosynthetic parameters of the light response curves of field grown tea 

Apparen t 
Q u a n t u m Yield 

( m o l C 0 2 m o l 1 photons) 

A m a x (Mmol m- 2 S" 1) Dark respirat ion 
(umol nrr2 s 1 ) 

U n s h a d e d , H igh N 0 . 0 2 6 9 . 7 0 - 1 . 5 6 

U n s h a d e d , L o w N 0 . 0 2 5 7 . 0 9 - 1 . 3 8 

High S h a d e , H igh N 0 . 0 2 8 1 0 . 1 9 - 1 . 1 7 

H igh S h a d e , L o w N 0 . 0 2 9 9 . 8 8 - 1 . 1 5 

A s measured in the E x p e r i m e n t 2 , the total l inear e lect ron transport rate w a s f o u n d to be 
s imi lar in both shaded and unshaded leaves ( F i g . 2 ) . H o w e v e r , the d i f ferences lay in the 
a l locat ion o f the e lec t ron transport products: the a l locat ion o f e lectron transport products 
to C 0 2 f i xa t ion w a s h igher in shaded leaves than in unshaded leaves ( F i g . 3 ) . T h i s w a s 
about 5 0 % less in unshaded leaves than in shaded leaves. Converse ly , a l locat ion o f 
electron transport products to photorespirat ion was s igni f icant ly larger in unshaded leaves 
( F i g . 4 ) . 
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Figure 2. Rates o f total linear electron transport o f shaded and unshaded tea leaves 
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Figure 4. Allocation o f electron transport products to photorespiration 
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T h e photosynthet ica l ly act ive rad ia t ion ( P A R ) w a s s ign i f icant ly l o w under the a r t i f i c ia l 
shade than the other t w o treatments ( F i g . 5 ) . T h i s w a s most prominent in the day categories 
A (b r igh t , c lear w e a t h e r throughout the d a y ) and B ( m o r n i n g and a f te rnoon c l o u d y but 
b r i g h t m i d - d a y s ) . D u r i n g c l o u d y w e a t h e r t h r o u g h o u t t h e d a y ( c a t e g o r y D ) , these 
d i f fe rences b e t w e e n the t reatments w e r e not v e r y prominent . 

c 

19:00 7:00 9:00 11:00 13.00 15:00 17:00 19:00 

13:00 19:00 9:00 11:00 13:00 15:00 17:00 19:00 
- -•- -Artifitial shade — O — Unshaded 
— A —Shade tree -•--Artifitial shade- -Unshaded • -Shade tree 

Figure 5. The P A R during the day in different seasons when the measurements were taken with 
field grown mature tea (Experiment 3 ) : A : bright, clear weather throughout the day, B: 
Morn ing and afternoon cloudy but bright mid-days, C: Clear and bright mornings and 
cloudy afternoons, D : whole day cloudy. 

In te res t ing results cou ld be observed w i t h the photosynthesis measurements t a k e n under 
d i f f e ren t condi t ions: D u r i n g br ight , c lear w e a t h e r (category A ) , w h e n there w a s h i g h 
inc ident rad ia t ion intensity a round m i d - d a y , the rates o f photosynthesis o f unshaded 
leaves w e r e s ign i f icant ly l o w e r than in the other t w o t reatments , w h i c h b e h a v e d in a 
s i m i l a r m a n n e r ( F i g . 6 ) . I n day categories B and C the rates o f photosynthesis w e r e not 
s ign i f i cant ly d i f fe rent b e t w e e n the t reatments . In genera l , the rates o f photosynthesis 
w e r e largest under the shade tree in a l l the day categories. W h e n c loudy wea ther prevai led 
th roughout the day ( d a y category D ) , the photosynthet ic rates under the a r t i f i c ia l shade 
w a s the lowest amongst the treatments as the P A R d i d not reach saturat ing l ight intensities. 
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Figure 6. The diurnal variation o f photosynthesis o f tea leaves during different seasons when the 
measurements were taken with field grown mature tea (Experiment 3 ) : A : bright, clear 
weather throughout the day, B: Morn ing and afternoon cloudy but bright mid-days, C: 
Clear and bright mornings and cloudy afternoons, D: whole day cloudy. 

T h e changes in the l e a f tempera ture d i d not s h o w any s igni f icant d i f ferences b e t w e e n 
the t reatments , d u r i n g a l l the seasons (da ta not s h o w n ) . I n the d a y category A , w h e n the 
rates o f photosynthesis o f unshaded leaves w e r e s ign i f i cant ly lower , the l e a f w a t e r 
potential d i d not show any signif icant d i f ference between the treatments (data not s h o w n ) , 
ind icat ing these di f ferences w e r e not due to a n y def ic i t o f wa te r in those p lants . T h e 
tota l so luble sugar contents showed s ign i f icant ly l o w e r contents in unshaded leaves than 
in the other t w o treatments (data not s h o w n ) , ind icat ing no end-product inh ib i t ion o f 
photosynthesis in unshaded leaves. 

DISCUSSION 

A s s h o w n w i t h the l ight response curves , photosynthesis o f tea is l ight saturated around 
P A R 8 0 0 u m o l n r 2 s ' 1 . A t l ight intensit ies above this va lue , photosynthesis drops as a 
r e s u l t o f p h o t o i n h i b i t i o n ( F i g . 1 ) . S h a d e i n c r e a s e d t h e c a p a c i t y f o r i n c r e a s e d 
photosynthet ic e f f i c iency in tea , a n d at the same t i m e decreased the d a r k respirat ion 
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( T a b l e 1) . T h i s w a s also ev ident w i t h the photosynthet ic measurements taken in the 
f i e l d , w h e r e unshaded tea leaves showed s ign i f icant ly l o w values than the va lues o f 
shaded leaves. T h i s increase c o u l d be observed both in d a y category A and morn ings o f 
d a y category C . T h e decreased rates o f photosynthesis w e r e also shown not to be due to 
a n y shortages o f w a t e r or due to end-product inh ib i t ion . D u r i n g consistent ly c l o u d y 
weather , o n l y the p lants in unshaded plots and under shade t ree rece ived l ight intensit ies 
adequate to d r i v e l ight saturated photosynthesis. Increased rates o f photosynthesis o f tea 
under shade has been repor ted b y several authors ( B a r m a n et a l . , 1 9 9 3 ; M o h o t t i a n d 
L a w l o r , 2 0 0 2 ; R a j k u m a r et a l . , 2 0 0 2 ) . M a n y au thors a t t r ibu te these increases i n 
photosynthesis to decreased l e a f temperatures under shade ( B a r m a n et a l . , 1993 ; H a d f i e l d , 
1 9 7 5 ) . Shade is also repor ted to i m p r o v e the bush heal th as measured b y increased root 
starch and c h r o r o p h y l l contents and increase soi l w a t e r h o l d i n g capaci ty and organic 
mat ter content than the unshaded tea ( R a j k u m a r et a l . , 2 0 0 2 ) . 

Photosynthet ic C 0 2 assimi lat ion is the cu lminat ion o f the sub-processes o f photosynthesis 
a n d the i r interact ions. A s s h o w n b y the subsequent f igures , some processes related to 
l ight react ions o f photosynthesis showed di f ferences in re la t ion to shade, therefore the 
increased C 0 2 ass imi la t ion in re la t ion to shade is expected . 

T h e F y / F m is a measure o f the intrinsic e f f ic iency o f the photosynthet ic system in captur ing 
exc i ta t ion energy w h e n the photosystem I I react ion centers are f u l l y o x i d i z e d ( G e n t y et 
a l . , 1 9 8 9 ) . I n genera l , F y / F m in tea w a s l o w e r than the classical va lue o f 0 .8 in heal thy , 
unstressed leaves and w a s reached to a near f igure o n l y d u r i n g the n ight per iod . T h e fac t 
that tea has re la t i ve ly l o w e r v a l u e o f F v / F m cou ld m e a n that tea has less e f f ic ient p r i m a r y 
photochemist ry o f photosystem I I w h i c h cou ld be due to the nature o f the l ight harvest ing 
c o m p l e x - r e a c t i o n center interact ions w i t h less e f f ic ient mechan isms fo r energy transfer. 
S h a d i n g i n c r e a s e d t h e F v / F m a n d h e n c e i n c r e a s e d t h e e f f i c i e n c y o f t h e p r i m a r y 
photochemist ry o f photosystem I I . T h i s compl ies w i t h some ear l ier w o r k ( M o h o t t i , 1 9 9 8 ) , 
w h e r e F v / F m o f c lose to 0 .75 has been reported in f i e l d g r o w n tea , w h i c h w a s increased 
w i t h shading. 

A n a l y s i s o f e lec t ron t ransport p rov ided clear ev idences o f the benef ic ia l effects o f shade 
in tea . T h e rates o f to ta l l inear e lectron transport w e r e not s ign i f icant ly d i f ferent b e t w e e n 
unshaded and shaded tea leaves. T h e dif ferences lay in the a l locat ion o f e lectron transport 
products: I ts a l loca t ion in C 0 2 f i x a t i o n w a s s ign i f icant ly greater in shaded tea leaves. 
T h e a l locat ion o f e lectron transport products to photorespirat ion w a s substantial ly greater 
in unshaded tea leaves. T h e greater rates o f photosynthesis in shaded tea leaves cou ld be 
a result o f this a l loca t ion o f e lectron transport products to C 0 2 f i x a t i o n . 
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Figure 7. The diurnal variation in F v / F m o f tea leaves during different seasons when the 
measurements were taken: A : bright, clear, weather throughout the day, B: Morning 
and afternoon cloudy but bright mid-days, C: Clear and bright mornings and cloudy 
afternoons, D : whole day cloudy. 

A t h igher l ight intensit ies, photons are in excess o f those that can be u t i l i zed in C 0 2 

assimi la t ion (Pearcy , 1 9 9 8 ) . A l s o , i f condi t ions restr ict C 0 2 ass imi la t ion and y e t the 
leaves absorb the same number o f photons the rate o f photosynthet ical ly generated energy 
equivalents is in excess o f w h a t is requ i red b y the d a r k react ions o f photosynthesis. I n 
such instances there m a y be an imba lance b e t w e e n photosynthet ic processes, w h i c h can 
lead to an over - reduct ion o f the photosynthet ic e lec t ron transport cha in , causing effects 
such as p h o t o i n h i b i t i o n ( B i e h l e r and F o c k , 1 9 9 6 ) . T h e r e has also been prev ious records 
o f pho to inh ib i t ion o f f i e l d g r o w n tea in Sr i L a n k a ( M o h o t t i and L a w l o r , 2 0 0 2 ) and 
Tanzania ( S m i t h et a l . , 1 9 9 3 ) . M o h o t t i a n d L a w l o r ( 2 0 0 2 ) have c l a i m e d that the recovery 
f r o m photo inh ib i t ion w a s independent o f shade or N nut r i t ion o f the tea bush, contrary 
to this exper iment . 

I t was also ev ident that photo inh ib i t ion occurrs in unshaded leaves, as measured b y F y / 
F m ( F i g u r e 7 ) : it is a lso considered as a measure o f photo inh ib i t ion . T h e F v / F r a w a s 
s igni f icant ly l o w e r in unshaded tea leaves t h a n the other t w o t reatments, b e t w e e n 9 : 0 0 -
15:00 hours. T h e decrease in F / F cou ld a lso be d u e to ad justment o f the mechan isms 

v m •* 
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to cope w i t h in t r ins ica l ly greater rad ia t ion loads exper ienced dur ing br ight sunny days . 
E x c e p t in the d a y category A , there w a s n o d i f fe rence in F y / F m b e t w e e n the t rea tments 
dur ing other seasons indicat ing the decrease in photosynthesis o f tea due to photo inhib i t ion 
occurs o n l y under br ight and c lear weather . D u r i n g this t ype o f days, d i f ferences in the 
m o r n i n g v a l u e s o f photosynthesis a n d F v / F m b e t w e e n d i f f e r e n t t reatments w e r e n o t 
stat ist ical ly s igni f icant , ind ica t ing the photo inh ib i t ion w a s r e m o v e d d u r i n g the n ight . 
H o w e v e r , t h e m o r n i n g v a l u e s o f photosynthes is w e r e smal les t in unshaded leaves 
ind ica t ing that this recovery is s l o w e r w h e n tea leaves w e r e unshaded. I n conc lus ion , 
shade w a s f o u n d to be h a v i n g benef ic ia l ef fects o n the phys io log ica l measurements that 
w e r e t a k e n , w h i c h cou ld have an impac t o n the product iv i ty . In terest ingly in te rms o f 
the phys io log ica l responses, the best m i c r o c l i m a t e to the tea w a s prov ided under the 
shade o f Grevillea robusta L . 
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