
III. PHYSIOLOGY OF THE TEA BUSH. 

B y 

G. B . P o r t s m o u t h . 

I n t r o d u c t i o n . 

In this short talk I propose to try and give y o u some idea of the essential 
physiology of the tea bush — i n other words I want to take y o u behind the 
scent** a n d show y o u 'how it -wortes.'' ~ A", great' deal ' o f what' I a m about to tell 
y o u w i l l necessari ly be very m u c h oversimplif ied and . m u c h wi l l h a v e to be 
omitted. However , I a m hop ing that w h e n I have finished some at least of 
y o u wi l l be i n a better posit ion to understand the reasons behind o u r Insistence 
on certa in types of agr icul tural practices and m e t h o d * of crop protection. 

Nutrition. 
Before attempting to see how any machine or organism w o r k s it is on ly 

c o m m o n sense to find out what it needs to keep It going. In the present 
case this Question resolved itself in to asking ourselves what a re the nutr i t ional 
requirements of the tea bush, or, to put i t another way, what does the bush 
have to obtain f rom outside i n order t o keep i t hea l thy said g rowing v igorously ? 

T h e answer Is a rather long list of essentials, w h i c h may surpr ise some of 
you , but a n y way here It is (Tab le 1) — 

Table I. Essential Requirements of the Tea Bush. 

(1) Water (H,0) 
(2) Carbon (C) 
(3) Ory B en<0) 
(4) Major Mineral Nutrients 

Nitrogen (N) 
Phosphorus (P) 
Potash (K) 
Sulphur (S) 
Calcium (Ca} "" 
Magnesium (Hg) 

(5) Minor Mineral Nutrients 
Boron (B) 
iron (te) 
Manganese (Mn) 
Copper (Cu) 
Zinc (Zn) 
Cobalt (Co) 
Molybdenum (Mo) 

Source 

Carbon dioxide of air 
Air 

Soils ft Fertilisers 

Function 

SoU 

Universal 

Respiration, etc. 

Proteins 
Metabolic 
Water Relation* 
Proteins 
Water Relations 
Chlorophyll 

Growth 
Chlorophyll 
Enzymes 

Some idea of the relative proport ions In w h i c h the different mineral 
nutrients are required by the plant can be seen i n Tab le 2. w h i c h shows the 
results of ash analysis of leaf f rom three different elevations. 
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table 2. Analysis of Tea leaf grown at Different Elevations* 

Low-Country Mid-Country Up-Country 

Total ash 5.22% 5 . 1 3 % 4.37% 

Analysis of Ash. Percentage of Ash. 

PoUah as (K 30) 
Soda as (NaaO) 
l ime as (CaO) 
Magnesia as (MgO) 
Iron as (FeiOj) 
Aluminium as (AlaOj) 
Manganese as (Mn,0j) 
Phosphoric Acid (PjOj) 
Sulphur as (SOj) : 

Silica as (SiOi) 
Chlorides as (Q) 

44.22 4 1 . 1 1 
t 15 0.46 

10-72 13.27 
7.55 7.19 
0.34 0.50 
2.53 2.44 
0.49 0.36 

11.86 ' 15.05 
c» Si 4.05 
l).»7 0.75 
1.04 1.70 

44.63 
0.92 

10.80 
7.25 
0.51 
2.94 
0.25 

18.31 
3.82* 
1.56 
0.84 

from25 to 30 parts per million in moat areas. 
The copper content of Ceylon tea leaf varies 

Carbon, ni trogen and boron do not remain when plant mater ial is ashed 
and , therefore, do not appear i n the analyt ical results. Copper, z inc, cobalt 
a n d molybdenum, o n the other hand , are present i n s u c h smal l amounts that 
they are not detectable by the ord inary analyt ical procedure. T h e copper content 
of tea Deaf is, of- course, of considerable Importance to us at the present t ime 
a n d X h a v e accordingly included s o m e average values, obtained by another 
method, a t the foot of T a b l e 2. T h e s e figures are expressed In parts p e r mi l l ion , 
w h i c h shou ld g ive y o u some idea of the smallness of the amounts normal ly 
p resen t T h e amounts of the other elements required are, however, very m u c h 
smal ler st i l l a n d I shou ld expect z inc and cobalt each to be present to the 
extent of about one part per mi l l ion, whi le the molybedenum content m a ^ 
not exceed about one part i n one hundred mi l l ion. 

In Tab le 1 y o u wi l l see that I have referred to both potash a n d ca lc ium 
as being concerned wi th water relations. In this connect ion it is interest­
ing to observe that the var ious analyt ical figures given for these two elements 
i n T a b l e 2, add u p to approximately the same total i n every case. 

Y o u w i l l note that certain element such as sod ium, a lumin ium, si l ica a n d 
chlorine, w h i c h are not essential, appear i n the ash. T h i s i s because the plant 
is not one h u n d r e d percent selective a n d so, h i the process of absorbing what 
i t needs, a lso takes up certain unessential elements w h i c h are present In the 
soil . T e a , h i part icular , readi ly takes' u p large quantit ies of a l u m i n i u m a n d , 
i n fact, belongs to a group of plants k n o w n as " A l u m i n i u m accumulators" . 
T h i s unseiecUve absorpt ion has an Important bear ing o n what i s k n o w n as 
"Toxic i ty" , since, i f a n undesirable element is present i n quanti ty i n the soi l , 
the plant m a y easily take u p more of this element than It can tolerate, w i t h 
the result that tox ic symptoms, .are developed. ^ ^ ; .'•'. 

H a v i n g now, I hope, g iven y o u some idea of what makes the plant work 
let us now try a n d see how it works. 

F i r s t of al l let us look at the basic role p layed b y water In the physiology 
of the tea bush . In the d iagram (F ig . 1) y o u w i l l see that water (H,0) 
ts taken i n b y the roots a n d is given off f r o m the leaves. Between the water-

• Rtftcduud from *** report of the Ckamwd Division for the ytar 1649. (Bulletin No. 3 1 , p. 28.) 

Water Relations, 
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aliscTbing roots and the leaves a continuous connection Is maintained through 
the wood, which la the principal water conducting tissue. In this tissue the 
wafer moves through special water-conducting "vessels" which are really micros­
copic tubes or capillaries. This continuous movement of water through the 
plant has received the name of the "transpiration stream". 

On reaching the leaves the water is mainly evaporated from the cell sur­
faces into the air channels, or "intercellular spaces", within the leaf, and passes 
out as water vapour through the breathing pores or ''stomata" which are dotted 
all over the underside of the leaf. This process is known as "transpiration." 
An increase in the rate of air movement over the leaf surface, or a drop In 
the relative humidity, will increase the rate of water loss from the leaf. Thus, 
one of the functions of shade Is to reduce the amount of water Lost by trans­
piration during periods of drought or high wind. 

The evaporation of water from the leaf cells causes more water to" enter 
them from the vessels and creates a "capillary pull" on the water columns in 
the vessels, which Is transmitted right down through the plant to the water 
absorbing cells of the roots. This causes them to give up some of their water 
to the vessels and to absorb more water in replacement from the surrounding 
soil 

This is, fortunately, only part of the mechanism whereby the plant is 
enabled to absorb water from t h e soiL The ceil sap is not pure water birjs 
contains a number of minerals such as potassium and calcium hi solution and, 
as long as tbe concentration of this Internal solution Is .higher than that outside, 
water- will-continue to be absorbed by the root hairs. If It were.not for the 
existence of this second process a clean pruned bush would be unable to obtain .'. 
any water, since the transpiration stream and its capillary pull are des­
troyed by the pruning operaBion. However, whh only one water absorbing 
process remaining, it Is now obvious why a pruned bush Is more likely to 
suffer from the effects of drought than an unpruned bush, -

WetT now that we have got our water entering and: leaving our tea bush 
— what does ft do? * 

- F i r s t l y all the mineral nutrients absorbed from.the soil by the plant enter 
m solution i n this water stream. These include the familiar N, P, K supplied 
as fertilisers, a s well as the other essential mineral nutrients given in Table 1 

- As I have just told you, a pruned bush finds difficulty in absorbing enough , 
water to keep itself from drying out and is certainly not In a position to absorb 
mineral nutrients a s well. This is one of the scientific reasons for the abandon­
ment of the old pruning mixture! 

.. Secondly, water as such makes up some 75 — 80% of all plant tissue, while, 
in combination as , carbohydrates, it accounts for about 60% of the total dry 
matter as well. 

2, hotosynthesjs . 

• The next most Important physiological function with which w e have to 
deal — and one which is specific to green plants — is that of ' photosynthesis." 
This is In essence the only process which leads to the building up of new organic 
matter from the simpler inorganle compounds, which are commonly available 
in the natural environment 

. Photosynthesis takes place — 
(1) as the name Implies, only in the light, and 

\ ... (2) only In the green leaves (See Pig. I). 
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It is this, latter connection that blister blight begins to assume Importance, 
By.destroying maintenance foliage blister reduces t h e bush's capacity to manu­
facture new organic matter and to maintain Its growth and give u s crop. 

This, therefore, is one of the reasons why we have always stressed that 
the initial development of a good canopy of maintenance foliage, protected from 
blister blight damage, is all important. 

Water and carbon dioxide, taken in through the breathing pores on the 
underside of the leaf, form the raw materials of the photosynthetic process 
— another name for which is "Carbon assimilation", which should be self 
explanatory. Reduced to essentials, the basis reaction is one in which 6 mole­
cules of carbon dioxide combine with 6 molecules of water to give one m©le-
cule of sugar glucose) and (jmpleeules of oxygen.. 

6C0 3 + 6H,0 = (6CH a0) 6 + 60,'*' 
(carbon (water) (glucose) (oxygen) 
dioxide) 

The oxygen is liberated into the air, which fact is, of course, the origin 
of the idea that flowers or pot plants purify the air of a sickroom during the 
day, but must be removed at night. 

The sugars or carbohydrates produced In photosynthesis may be used either 
as the starting point for building up more elaborate organic compounds, or 
else may be stored as carbohydrate reserves in the form of starch. If t h e y 
are to be built up into proteins, then nitrogen and sulphur, two of our major 
nutrients are required. Furthermore, this is where the plant's requirements 
of phosphoric acid come in, since the further elaboration of the sugars formed 
in photosynthesis requires the formation of sugar phosphates, which serve as 
intermediate products in protein formation. 

The process of photosynthesis is brought about solely by the chlorophyll, 
or green colouring matter of the leaf- This Is where the plant's requirements 
of magnesium and iron come in, since the element magnesium Is actually a n 
essential constituent of the chlorophyll molecule, whilst iron Is necessary for 
its initial formation. 

Apart from the carbon dioxide, which as I have already explained, reaches 
the green ceils of the leaf through the stomata, all other raw materials reach 
the leaf through the medium of the transpiration stream. Thus we may expect 
that the photosynthetic process will be seriously impaired (1) by drought, a n d 
(2) after continuous heavy rain, when the leaves become gorged w i t h water 
and the access of carbon dioxide to the green cells i s impeded. 

From the leaf factory the finished products are translocated t o all parts 
of the plant by another special conducting tissue knojtfn as'tfce? <p}ypein''; w h i c h 

• 'heed.-.not 'concern'-tis further. 7 - . : ; r r . 

Before passing on, however. I would like to stress the very Important 
point that some 95% of all the dry matter in the plant is produced in t h e leaves . 

Respiration. 
This is the process which provides the energy to keep life going. It goes 

on In all living tissue — in Figure 1 you will see that I have marked it a s 
occur!ng in the roots, stem and leaves — and, unlike photosynthesis, it goes 
on continually — both day and night. 
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" T h e basic react ion Involved Is to a l l Intents the reverse of that w h i c h 
lakes place In photosynthesis — oxygen Is absorbed and used to b u r n u p sugar, 
whi le carbon dioxide and water are produced. 

6 0 , + <CH,0) 6 « 6 C 0 a + 6 H a 0 
(Oxygen) (glucose) (carbon (water) 

dioxide) 

In a normal healthy plant t h e amount of respirat ion going o n is m u c h 
greater than Is generality realised, and may in fact amount to a s m u c h as one 
tenth of t h e reverse photosynthetic process. It is, therefore, easy to see that 
If photosynthesis Is cut d o w n ; ei ther b y adverse weather condit ions o r by , 
what is m u c h more important to us, a reduction In leaf surface, then t h e 
ra te of respirat ion m a y wel l exceed that of photosynthesis. W h e n this happens 
reserves of carbohydrates wil l begin to be drawn u p o n to supply the energy 
requirements of the l i v ing plant. Once these reserves ore exhausted protein 
breakdown wi l l set in , fol lowed short ly by death of the tissues. 

T h u s once the rate o f respirat ion becomes permanent ly greater than that 
of photosynthesis, a n d al l carbohydrate reserves have been used up , there Is n o 
hope of sav ing the b u s h . However , If the leaf area, a l though m u c h reduced, 
is st i l l capable of m a k i n g m o r e food than i s be ing cont inual ly lost through 
respiration- then the b u s h can stil l be saved provided it Is r e s t e d If, however , 
the leaf area o f such poor bushes is brought below t h e danger level by cont inued 
p l u c k i n g o r by blister bl ight attack, then these bushes must inevitably d ie . 

, Growth. 
F i n a l l y just a few words about g r o w t h A l l natura l processes of t h e p lant 

are. affected b y temperature. H e n c e growth Is n o r m a l l y faster In the low-
country . O n e of the consequences of this Is that nearly al l the food m a n u ­
factured b y the leaves Is used u p i n m a k i n g n e w growth a n d there Is a lmost 
n o storage of carbohydrate reserves under low-country condit ions. T h i s fact 
Is one of ve ry definite practical importance n o w that bl ister bl ight attacks 
appear to be increasing i n severi ty in t h e low-country. W i t h almost n o reserves 
t o support n e w growth, t h e results of cont inu ing defoliation b y bl ister b l ight 
m a y we l l be disastrous. In part icular . It appears to m e to be of paramount 
Importance that low-country tea recovering f r o m p r u n i n g In areas subject to 
persistant buster bl ight should be g iven efficient protect ion If a n igh casual ty 
rate i s to be prevented. For tunate ly , such protection can now easily be provided 
w i th copper fungicides. 

*., F u r U i e r m o r e , growth cannot go o n proper ly i f a n y essential nutr ient 
e lement la In short supply . In this connect ion, the results of a shortage o f 
potash, f o r example, are n o w fami l iar to most of us . 

T h e . n e e d , therefore', to for a balanced manur ia l programme a n d / above 
a l l , fo r , the maintenance of the necessary amount of mature fol iage o n o u r 
bushes. S p r a y protection dur ing recovery f rom p r u n i n g w i l l ensure a n adequate 
amount o f maintenance foliage at the start of t h e cycle . Prov ided , therefore, 
tha t w e treat o u r bushes careful ly d u r i n g the course of the cycle , I see n o 
reason to fear a n y fur ther deterioration i n capital values. In fact, w i th proper 
protection against bl ister blight, these may wel l be enhanced. 
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