III. PHYSIOLOGY OF THE TEA BUSH.
By
G. B. Portsmouth.

Introduction.

In this short talk I propose to try and give you some idea of the essential

R _ .- physiology of the tea bush — In othes words I want to take you behind the )
il e e o geenwd nd Show YOu Chow it woPKS! YA yreat deal of*what I'zm about to tell
- you will necessarily be. very much oversimplified amd .much will have to be

omitted. However, I am hoping that when I have finished some at least of

you will be in a better position to understand the reasbns behind our insistence |

on certain types of agricultural practices and methods of crop protection.

Nutrition..
P Before atlempting to see how any machine or organism works it is only
common sense to find out what it needs to keep It going. In the present
S case this question resolved itself into asking ourselves what are the nutritional |
[ requirementa of the tea bush, or, to put it another way, what does the bush ~ :
SO have to obtain from outside in order to keep it henithy and growing vigofously ?

The answer Is a rather long list of essentials, which may surprise some of
you, but any way here it {5 (Table 1) —

. Table 1. Essential Requirements of the Tea Bush.
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Some ldea of the re‘lau”{f‘e' proportiong In which the different mlneral
_ nutrients are required by the plant can be #een In Table 2, which shows the
Lo results of ash analysis of leat from three different elevations,
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Table 2. Analysis of Tea Leaf grown at Different Elevationsé "

Low-Country Mid-Country Up-Country
Total ash 5.22% 5.18%, 437%

Analysis of Ash. Percentage of Ash.

Potaah as (K.0) 4422 41.11 44.63

Soda as (Na,0) LI5 0.46 0.92

Lime as {Ca0) 10.72 13.27 - 10.80

as (Mg0) 7.55 7.19 7.25

Iron as (Fe:0y) 0.34 0.50 0.51

Aluminium as (Al,0y) 253 2.44 2.04

Manganese a3 {Mn,0,) 049 0.38 0.25
Phos] honc Acd (PzU.-,} _ 1.4 - 15.05 18.31
au! agl&so,; 5.1 R0 T YA

0.97 0.75 1.56

Chlondea as (Cl) LU+ L70 0.84

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

Carbon, nitrogen and boron do not remain when plamt material is ashed
and, therefore, do not appear in the analytical results. Copper, zinc, cobalt
and molybdenum, on the other hand, are present in such small amounts that
they are not detectable by the ordinary analytical procedure. The copper content
of tea len! is, of course, of conglderable importance to us afi the present time
and I have accordingly included some average valueg, obtained by another
method, at the foot of Table 2, These figures are expressed in parts per million,
which should give you some idea of the smallness of the amounts normally
present. The amounts of the other elements required are, however, very much
amaller still and I should expect zinc and cobalt each to be present t{o the
extent of about one part per millon, while the molybedenum conteng may
not exceed about one part in one hundred million.

In Table 1 you will see that I have referred to both potash and calelum
as belng concerned with water relations. In this connedton it Is interest:
ing to observe that the various analytical figures given for these two elements
in Table 2, add up to approximately the same total in every case,

You will note that certain element such as sodium, alumintum, silica and
chlorine, which are not essential, appear in the ash. This is because the plant
is not one hundred percent gelective and so, in the process of absorbing what

it needs, also takes up certain unessential elements which are present In the

soll. Tea, in particular, reedily takes up large quantittes of aluminlum and,
In fact, belongs to a group of plants known as “Aluminium accumulators’,
This unselectiva absorption hag an Importamt bearing on what iz known as
“Toxicity”, since, if an undesirable element is present In quaniity in the soll,

the plant may easily take up more of this elanen; t,han it can tolerate wlth_

the resuli, tha; -loxic symptoms, are devehped.

-~

Having now, 1 hope, given you some idea ot what makes the planﬂ work

let us now try and see how it works,

Water Belations,

frot of all let us look at the basic role played by water in the physiology
of the tea bush. In the diagram (Fig. 1) you will see that water (H,0)
is taken in by the poots and is given off from the leaves. Between the water-

® Reproduced from the report of the Chemical Division for the year 1949.  (Bulistin No. 31, p. 28.}
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gbsorbing roots and the leaves a_continuous .connection 18 maintained through
the wood, which is the principal water conducting tissue. In thig tissue the
waler moves through special waterconducting “véssels” which are really micros-
capic tubes or capillaries, This continuous movement of water through the
plant has received the name of the “‘transpliration 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 passce
oul 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 alr 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 i8 to reduce the amount of water kgt by trans-
plrauon during pertods of drought or high wind,

‘The evaporatlon of water from the leal cells causes more water to enter
them from the vessels and creates a “caplllary pull” on the water celumns In
the vesaels,” which Is transmitted right down through the plant io the 'water
absorbing ceils 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 surround:lns
soll,

-'Thig 18, fortunately, only part of the mechanism whereby' the blant ia
mbled to absorh water from the soll. The cell sap 15 nat pure water buf
_contains a.number of minerals such as potassium and calcium in solution and,

ad long as the concentration of this internal solution is higher than that outsjde,:  °
“wager:-will: continue to be absorbed biy.the root hairs. 1f it were.not for the -

' mceo!thlsaecondprooessacleanyrunedbushwouldbetmnblatootrwn-..
any- Water, since ‘the: transpiration” stream and its capillary . pull arg des:- -
troyed by -the pruning operdtion. .However, with only one water sahsorbing '

* procass. remaining, it 13 now obvious. why -a pruned. bush - lsmorellkehv to

_ suﬂ'ep fmm t:he effects of drought than an unpnmed bush. .

Wit 'now that we Have #ot our water entering and leaving our te_avbush
— what doen R do? '

it
PURRT R

tnsoluﬂmln Ahig water stream. These include the familiar N, P, Ksupplled
as fertilisers, as well as the other essential mineral nutrients given in Table 1...

~-- As'l have just told you, a pruned bush finds difficully in absorbing enough .
'wammkeepuseutmmdryingwtandisoeminbrnotmaposiuontoahsorb,

mmuy all the lnineral nutrients absorbéd from me soll by the plant enter‘

mineral nutrients as well.. This is cne of Ihe- sclentlﬁc reasons for the nbandom S .'

'mentonheo!dpmnmsmlxtum' :

Secondxy water a8 such makes up’ some 75 - 80%, of all plant. t!ssue. whlle.
in comhdnatlon as carbohydrates it accounts for about 80% of the tntal dr.v
mat,ter a9, well. : .

Thotosynthesjs.

The pext most important -physiological function with which . we - have to
deal and one which is specific to green plants — i3 that of ‘ photosynthesis.”
This i3 tn essence the only process which ieads to the bullding up o6f new ofganic
matter from the simpler {norganlc_ compounds. which are commonly available
!n the namml envlronment_ ’ .

‘ Photmmthm takes place —_

ST Y1) ae the name lmpl!eﬂ ottly in the light and : SRR ;
. (2)_.only ln the green l_e,wes_ (See Fig. I). - T
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“ .1t is this latter connection that blister. blight begins to assumé. importancs,
By_destroying maintenance foliage biister reduces the bush's capacity to mgnu-
facture new corganic matter and to maintain its growth and give us erop. . .-

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 procem
-~ ancther name for which is ‘“‘Carbon assimilation”, which should be self
explanatory. Reduced to essentials, the basis reaction is ohe in which & mole-
‘cules of carbon dioxide combine with 6 molecules of water to give one mole-
cule af sugar a lucose) and 6 mglecu1es of oxygen.. o

6C, © + 6HO = (6CHD) + 60,
(carbon {water) {ghicose) (oxygen)
dioxide) .

The oxygen ls liberaled into the air, which fact is, of course, the origin
‘of the idea that Howers or pot plants purlfy the air of a sickroom during the

day but must be removed at night.

The sugars or .carbohydrates produced in photosynthesis may be used eithey
ag the ‘starting point for building up more elaborite organic compounds, of
else may he stored as carbohydrdte reserves in the form of starch.. If they
are to be buiit up into proteins, then nitrogen and sulphur, 1wo 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 sefve as
intermediate products in protein formation. ‘

The process of photosynthesis is brought about solely by the clﬂdroﬁhyll,
or green -colouring matter of the leaf. This is where the plant’s requirements
of magnesium and iron come in, gince the element magnestum is actually an

essential constituent of -the chlorophyll molecule, whilat iron is necessary fm-
its inltial formation.

. Apart from the carbon "dtoxide, which as 1 have already explained, reaches
the green cells of the leaf through the storuata, all other yaw materials reach
the leaf through the medium of the transpiration stream. Thus we may expect

that the photosynthetic process will be seriously impatred (1) by drought, and

{2} after continuous heavy rain, when the leaves become gorged with- wat.er
and the access of carbon dioxide to the green cells 18 impeded. ;

From the leaf factory the finished products are translocated Jo all parts

" - of the plant by another special condu"‘dng tssue lmoym as the: "phloem” whlc;! s
'-'neednotconcemﬂb fuﬂ o S

Before passing on, however, | would like to slmas :.he very important
point that some 85%, of all the dry matter in the plant is produced in the leaves.

Regpiration.

This is the process which provides the energy to keep life golng. It goes
on in all living tissue — {n Figure 1 you wlill see that I have marked it as
occuring in the roots, stem and leaves — and, unllke photosynthesis, it goes
on continually — both day and night.
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*  The baslc reaction fnvolved 13 to all intents the reverse.of that which

" takes place in photosyathesis — oXygen ig absorbed and used to burn up sugar,

while carbon dloxide and water are produced.

80, + (CH0)s = 6 Co, <+ 6H.0
(Oxygen) ~  (glucose) {carbon {water)
dioxide)

In a normal heallhy plant the amount of resplration going on is much
greater than is generally realised, and may in fact amount to 2s much ag one
tenth of the reverse photogynthetic process. It 1s, therefore, easy to see that
if phatosynthegis ig cut down; either by adverse weather conditions or by,
what {8 much more hnpot‘tam. to us, a reduction In leaf surface, then the
rate of respiration may well pxceed that of pholusynthesis. When this happens
reserves of carbohydrates will begin to be drawn upen to supply the energy
requirements of the Mving plant. Once these reserves are exhausted protein

"breakdown will set in, fonowed shortly by death of the tissues,
Thus once the rate of respiration becomes permanently greater than that -

of photosynthesla, and all carbohydrate reserves have been used up, there i3 no
hope of saving the bush. However, if the leaf area, although much reduced,
is stil capable of making more food than is being continvally lost through
respiration; then the bush can still be saved provided it 15 rested. If, howeéver,

the leaf area of such poor bushes i3 brought below the danger level by continued -~ .

plucking or by blister blight attack, then these bushex must lnevltably dle
 Finally just 8 few words about growth. All natuml processes of the plant‘
are affected by temperature, Hence growth 18 normally fasier in ‘the low-

country, One of the consequences of this is that nearly all the food manu- -
factured by the leaves 1s used up in making new growth and there ig almost

.no strage of carbohydrate reserves under lowcountry conditlons. This fact

is one of very definite practical importance now that biister  blight ‘attacks
appear to be Increasing in severity in the low-country. With almost no reserves

ta support new growth, the resulla of continuing defoliation by blister blight
_ may_ well be disastrous. In particular, it appears to me to’ be . o!paramount ,

importance that low-country tea recovering from pruning in areas subject to
persistant blister blight should be given efficient protection if a high casualty
rate 18 10 be prevented. Fortunately, such protect{on can now easily be pmvtded
with copper fungicides.

F’urthermore. growth cannot go on properly if any eSsentlal nutrient '
. element 18 In short supply. In this connectfon, the results of g shurtage of
: “potaah, for example, are now taﬁlliar to most of us, , ‘ .

The need, themfore iz for a balanced manurial programme . and abowe
all, for the malntenance of the necegsary amount of mature follage on our

'bushes. Spray protection during recovery from pruningwm ensure an adequate -
* amount of maintenance foliage at thé atart of the cycle. "Provided, therefore,

that we treat our bushes carefully during the course of the cycle, I see no
reagon to fear any further deterioration in capital values, In fact, wlt.h pmper
protecuun -against blister blight, these may well be enhanced, :
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