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GROWTH ANALYSIS STUDIES IN CLONAL TEA
(CAMELLIA SINENSIS (L.) O. KUNTZE)

G. Wadasinghe and D. T. Wettasinghe*

(Tea Research Institute of Sri Lanka, Low-country Station, Ratnapura, Sri Lanka)

An experiment was carried out at the Tea Research Institute of Sri Lanka,
St Joachim Estate (90 m amsl) with the objective of identifying the growth
components of four popular tea clones viz. TRI 2023, TRI 2026, TRI 2025 and
DN, as a means of explaining their growth and yield performances.

The estimation of growth analysis parameters, viz. NAR, RGR and SLA etc.
was performed by adopting polynomial regression to calculate best fitted curves.
By doing this it was possible to over-come the high variability which is normally
e:;perienced with the traditional approach, especially in the case of perennial woody
plants. .

The order of growth performance of the clones studied was rated as TRI12023>
TRI2026 > TRI 2025 > DN, The superior performance of clone TRI 2023 could
be attributed to its ability to divert the major part of the photosynthates for the
production of leaves and to its quick regeneralive capacity after pruning. TRI 2026
had similar attributes. The poor performance of clone TRI 2025 could be attributed
to its rapid early growth resulting in a dense leaf canopy which may not be photo-
synthetically very efficient. Clone DN diverted most of the photosynthates towards
production of roots and stems, restricting the leaf growth, resulting in a small canopy.
Therefore, the overall dry matter production was limited, but the well developed root
system would have been one of the reasons for its drought tolerant qualities. Simi-
larly rapid root growth, especially at the early stage was observed in clone TRI 2025,
which again is considered a drought tolerant clone.

INTRODUCTION

Growth analysis techniques had been used in many crop-yield studies in the
past. The traditional approach is to assess plant growth by obtaining large samples
at infrequent intervals. This was based on the assumption that dry weight accu-
mulation of the whole plant obeyed the law of compound interest (Gregory, 1918),
Blackman, 1919). But the work of Briggs, Kidd and West (1920) revealed that
the relative growth rate (RGR) of a plant is not a constant, but changes in a rather
complex way, even during the purely vegetative phase of growth. Further, the
inevitable variation due to sampling errors (Vernon and Allison, 1963) may result
in the calculation and statistical analysis of growth analysis parameters becoming
more difficult and too complicated.

Developments in statistical techniques and the common availability of high
speed computer facilities has resulted in a significant development in the field of
plant growth analysis in recent years. Vernon and Allison (1963) suggested that
the high variability in estimates of net assimilation rate (NAR) could be reduced
by fitting curves to dry weight and leaf area. They in fact used a quadratic equation
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to..describe :the  time- dependent changes in:totak.dry .weight and leaf area; and
derived. NAR. by: differentiation. ; JThey.; found that.the use of rregression ; analysrs
substantially smoothed the fluctuation in estimates of NAR over a period. of :fime
compared with the estimate derived from the harvest interval approach. Poly-
nomial regression analysis has become a very useful and popular tool in estimating
plant growth analysis components. It allows the experimenter to use frequent,
small -harvests which evens:out.the flow .of work'and: thus makes, it- possible- to deal
with Jarger pumber.of treatments-than by, the.older method;of larger samples.at
long intervals. . The, method also reduces the rlsk of losing mformatron within
harvest mtervals R P N SPUE N ST . S el

. g YA e

- -'Huges and: Freeman ;(1967),1mproved— Vernon and Alhsons applrcatlon of
regressron analysis, firstly, by transforming the raw data of dry weight and leaf
area to natural logarithms, thus making the variance independent of the means
-and;, secondly; .by ., calculating sstandard -errors for, estimates:-of. the derived-func-
nons . Curves;for. RGRs are obtained -by dlﬁ'erentnatlon of:the regression equation
and progress curves- of NAR and- leaf. area ratlo (LAR) are.also denved s1mrlarly

B8 L nvﬂ BT a T R o

Nrcholas and Calder (l973) explamed 1a, srmple but relrable method of selectlng
.the appropriate; polynomial.- model for-any.set; of data,j- The, analysis;.of variance
of linear, quadratic and cubic regression equations were calculated and.the best
polynomial regression is decided on the fiducial limits (95% Probability). By
incorporating, a:step-wise. regression ,procedure. in:a- computer . programme, : Hunt
-and - Parson. {1974) were. able;:to’ improve: this: method. considerably; . Polynomlal
regression of thexfirst -to- thrrd.onder» were . fitted, mdependently to-dry, weight, and
leaf area. accm:dmg to, inbuilt .statlsttcal tests on trends in the inputdata: . .A: further
1mprovement 10 this. .method: was$ achreved by adoptmg “Segmentatlon progedure,
it. which.the, totalvdry weight. curveais- .divided into.segments and.-each, segments
treated.. 1ndependently :The-.qbjective . of, this, .procedure- was, to obtain .the ,most
suitable curve, and to avoxd serlous systemlc devratrons between the data and the
ﬁttedcurve e A G A . G e

During the last two decades, polynomial regression to derr}e best ‘ﬁtted' enryes
in plant growth analysis studies have been used extensively:. . More. complete revnew
of these studles ‘can. be found,elsewhere (Hunt and. Parson,, 1974) _

Plant Growth Analysls of Perenmal Woody Plants ST .-.:1 L O

Growth analysrs has most often been performed on herbaceous plants both
annuals. and. perenpials, and only, very little in .perennial woody. plants. This was
mainly due to; the complexrty ofjgrowth ‘the very high. varrabrhty between’ samples
and thé dlﬂiculty encountered’in assessing plant growth.” ‘In’ fact, working on tea,
Barua (1970) conlcuded that “It is not possible to carry out growth analysis on
mature tea”.

oo T T .':'.. "v"' . e O

- “The only' perenmal woody plant in’ whrch detailed studies usmg growth analysrs
hive been made'is ap Xle (Vyvyan 1957, Dudney''1973; ‘1974, Maggs, 1959, 1964,
'1965; ‘Holland- 1967; Avery 1969; 1970) Berng a temperate detiduous tree, the
apple plant provrdes a comparatrvely convenient examplé for ' growth analysrs
studles

Lol it ERPIE VIR R | ST AN . .A"" O SO AT |

+ Iii.most of the' other: evergreen, troplcal woody plants growth analnys studies
have ‘been: “confined ‘mainly to-the nursery or early :growth-periods. - Working -on
oil palms -under nursery conditions, and Rees '(1963)'Rees  and Chapas- (1963) were
able to estimate NAR, RGR, CGR (Crop Growth Rate}, LGR (Leaf Growth
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Rate) and show their inter-relationships. A similar study was reported on rubber
(Tefx;gpleton, 1968) in which growth analysis was carried out upto 7 years after bud
grafting.

Tea

Tea has been grown in Sri Lanka as an evergreen plantation crop for more
than a century. Due to the high productivity of improved clonal tea, most of the
seedling tea in plantations are now gradually being replaced by clonal tea. One
of the important characteristics of clonal tea, in contrast to seedling tea, is its high
standard of uniformity. Nevertheless, in a mature population of clonal tea, 70%,
¢l>£ 7tén)e yield is derived from 48 % of the plants at the lower elevations (Nathaniel,

Plucking of tea shoots is normally carried out at 5 - 9-day intervals, with pruning
once in 2 - 5 years, depending on the elevation. Individual shoots were shown
to grow from initiation to a harvestable size in a mean period of 63.7 days in the
dry season and 42.6 days during the rainy season and the distribution of growth
within the plant was found to be uneven. Shoot density in the central zone of the
bush was double that in the intermediate zone and four times that in the peripheral
zone (Nathaniel, 1976).

By measuring photosynthetic activity of tea leaves, Tanton (1977) concluded that
the photosynthesis at present yield levels is not a limiting factor and that the number
of shoots per unit area and the rate of shoot growth are more important. Shatilow
and Alchivieldiani (1980) reported differences in photosynthetic efficiency between
tea clones. They showed that the rate of photosynthesis depends on leaf morpho-
logy, leaf position on the plant and environmental conditions. A significantly
higher dry matter production was observed in plucked compared with unplucked
plants of the same clone (Magambo 1978). Huxely (1975) showed that on
theoretical grounds, tea bushes should be capable of producing about 4 times the
maximum observed yield.

Photosynthetic ability was observed to develop gradually in a young expanding
tea leaf and the maximum capacity was not reached until the leaf reached its final
size (Barua 1960). Among the shoots examined from the plucking baskets, Magambo
(1975) reported that the first leaf, the one nearest to active bud was about 229 while
the second leaf was about 389 of the leaf area of the fully expanded mature leaf,

" The observations suggest that the young shoots harvested from a tea bush
must be dependent, to a large extent, on the assimilates manufactured by the main-
tenance leaves.

The total dry matter production and its distribution to the various parts of
the bush was studied by Magambo (1978), using different tea clones. He found
that the highest yielding clone was not necessarily that with the highest rate of dry
matter production, but it might be the one which diverted the highest proportion
of dry matter to new leaf production.

A quantitative study of the changes in the early growth of vigorous and slow
growing tea clones showed that net assimilation rate was higher in the slow growing
clone but the greater leaf area and leaf area duration of the vigorous clone contri-
buted to greater dry matter production in the vigorous clone (Kathiravetpillai and
Kulasegaram, 1981).
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The major drawback confronting growth analysis studies in tea is the large
amount of tedious experimental work involved. Normally the tea bush carries a
large, dense maintenance canopy, so that accurate estimation of leaf area is always
cumbersome. It has a large, extensive root system, which often produces a mat of
feeder roots. Therefore, excavating tea plants and separating roots from the soil
is an extremely tedious, laborious and time-consuming operation. This is parti-
cularly so, during dry weather.

The present study was carried out with the prime objective of identifying the
growth components of four popular tea clones viz. TRI 2023, TRI 2026, TRI
2025 and DN, as a means of explaining their growth and yield performance.

MATERIALS AND METHODS

The experiment was conducted at the Tea Research Institute of Sri Lanka,
St Joachim Estate, Ratnapura (90 m above mean sea level). The four tea clones
used in this study were chosen on the basis of their yield performance and their
ability to withstand drought conditions. All four clones are commonly cultivated
in Sri Lanka, especially at the lower elevations. The TRI 20 series are normally
considered high-yielding and can be ranked as TRI 2023, TRI 2026 and TRI 2025,
in order of their yield performance. Clone DN gives very poor yields, but it has
marked ability to withstand drought. Clones TRI 2026 and TRI 2023 are susceptible
to drought, while TRI 2025 is tolerant. In addition, these four clones show marked
differences in growth habit. The design of the experiment was Randomized Blocks
with four replicates. In each plot, 150 plants were planted and allowed to establish
for about two months before taking any harvest. The date of first harvest was
decided after a series of non-destructive growth measurements. The whole
e)tgperirrllental period was divided into three phases for convenience of interpretation
of results.

Phase 1 — From the first harvest to first cut given at *36 cm from ground
level—about six months period.

Phase 2 — From the first cut to second cut given at *46 cm from the ground
level (7th - 11th month).

Phase 3 — From the second cut until the last harvest. Plucking commenced
after the second cut (12th - 38th month).

* These cuts are pruning treatments given to induce bush formation, and thisis the normal
practice in tea plantations

In each harvest, a series of growth measurements were tfaken viz total dry
weight, leaf dry weight and leaf area. Leaf area was estimated by “punched disc”
method, using a cork borer (Pethiyagoda and Rajendram, 1965). In phase 1 and
2, harvests were at three weeks intervals and in Phase 3, this was increased to six
weeks. The data were analysed using the Hewlett Packard HP 9830A program-
mable calculator at Wye College, University of London Statistical Unit. The
computor programmes (Polynomial regression upto 4th order and growth analysis)
used in this study were written by Dr. W. E. Peat of Wye College.

The first step was to decide the best polynomial regression equation, which
adequately described the trend of dry matter, leaf area and leaf dry weight change
with time. The raw data as entered into the programme were transformed to
natural logarithms and analyses of variance were used as the basis for deciding
the best fitting regression. This procedure is illustrated using the dry weight for
TRI 2025 in Phase 3 (Table 1). These equations were then used to calculate growth
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analysis components vrz NAR RGR LAR and SLA etc and the trend wrth trme
were estrmated :

All the statrstrcal analyses were made mdlvrdually for each growth phase
At each harvest, threg plants were taken from each plot and the means of thse
three plants were used in.the apalysis. In Phase 3, the yleld data were not mcluded
in the calculation of growth analysis parameters. . .. ) .

. . e . RESULTS

A detarled analysissof variance forthe. drfferent degree of regressrons for dry
weights of clone TRI-2025. are given in Table 1. The variancé ratios:of the linear
regression (Degree 1) was statrstlcally significant, but at the same time, the devi-
ations from this regression"was also significant. "Therefore, it is clear that the
relationship of dry weight with time in this treatment was pon-linear. = Similar
results were "obtained for quadratrc regression (Degree 2) and therefore the analysrs
was continiied for cubic regression. (Degree 3). 1In this mstance, the variance’ ratios
for'thé cubic regressioii over the previous regression were, srgmﬁcant .but the devi-
ation from this regression was not significant. Further, in the regression of. Degree
4, only the regression term was significant and the rest were.not srgmﬁcant There-
fore the best fitting curve to describe the trend of dry” welght change in. TRI 2025
in Phase 3, is thé.cubic polynomial (Fig. 1) Even after obtammg best ﬁttmg curve,
there was substantral deviation of raw_data from the'. expected valies,  This is
unavordable in a"¢rop like tea, in whlch there is, always very high experrmental
error_due to" difficultiés.in excavating the root system handhng of bulk’ saniples
etc The same: procedure was followed with all sets of data. ..

ToONd ) .
The best ﬁttmg correlatron co-eﬁicrents are grven in fl'able 2 SRR

“The use of only statlstrcally elgnrﬁcant correlatron co-eﬂicrents to descrlbe
a growth curve is one of the pre-requisites in adopting the curve fitting approach
for.the correlation of expected :growth analysis. parameters (Hunt, 1978)..

LY BRI N R ST A

The prmcrples mvolved are:

‘Assume that Loge Dry Werght (Loge,W) and Log. :I.ﬁaf Area (Loge A) are
best fitted to regressron of Degree 2

5 . . . ‘o
Se ae e e . DR PN
AU L LS B U S CEO oo NN

= The equatrons are; troE Lo T
| () Loge W =" E bt o Co
[N VTR (ii) .Eo'gc'_A == ] + blt + _cltz : 3 CLer ."‘i.':.-','f. “,..-c- ;J':j." |_., e
g s L T
Where a, b, c, a!, b! and ¢! are constants.
By dlﬂ'erentratrng (1) and (u) above TR
"""" RITANY ) NTE T Yoo vt e o ..": .
N A d(Logﬁ W) . Dt ot T
e e Relatrve growth rateﬁ_ ——r— e e E
oo "!.-...-' . Gt 0y e dt "" LI e Lo e ke, i
l..:.|-.->,’;- SRR _-.. o b+20t .‘ e "\_ .
B L L A CIISPRPIt I VAN dw S A TR G
And Net Assrmllatron Rate = L=t e
G e _.‘_'_.,_.:r e A dt, L. . i e
.1. E-'l: o ERTEERER ‘. BRI b + 2ct S : u

Vi e

erewrse LAR and SLA (Grven curves for Leaf Dry Werght) rnay also be
obtalned ’
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TABLE 1 — Statistics of Polynomial Regressions

PHASE 3 — Treatment TRI 2025 - Dry Weight (g)

s Regression of Degree 1 Regression of Degree 2 Regression of Degree 3 Regression of Degree 4

ource of

variation SS*  DF® MS®* F-Ratio SS DF MS F-Ratio SS DF MS F-Ratio SS DF MS F-Ratio

Times 2269 15 _ —_ 269 15 — —_ 22.69 15 —_ —_ 22.69 15 - —

Regression 16.40 1 16.40 160.78* 19.58 2 979 95.98¢ 21,66 3 722 70.78* 22.06 4 552 54.12*

Over the

previous one —_ —_ - _ 3.18 1 3.18 31.18* 2.08 1 208 20.39* 0.404 1 404 396

Deviation from

this Regression  6.29 14 450 441 311 13 0239 2.34* 103 12 0.086 0.843 0.630 11 087 559

Error 487 48 .102 —_ 487 48 0.102 — 487 48 0.102 — 487 48 102 -

TOTAL 27.56 63 —_ — 2756 63 — —_ 2756 63 — _— 2756 63 — —
*Significant at << P 0.05 1 SS == Sum of Squares 2 DF = Degree of Freedom 3 MS == Mean Sum of Squares

~.
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Fig. 1 — An example of application of curve ﬁttmg technique Phase 3. Dry weight of TRI 2025,

@ raw data, — fitted curve.




Total Dry Weight, Leaf Area and Leaf Dry Weight

Except for the dry weights of clone DN during Phase 1, (which gave a quadratic
curve) the total dry weights, leaf areas and leaf dry weights showed linear relation-
ships with time in both Phases 1 and 2 (Table 2). The best performance was observed
from clone TRI 2025 and the poorest from DN (Table 3). The growth of clone
TRI 2023 was poor in Phase 1, but markedly increased during Phase 2. This was
especially evident from leaf area. In Phase 3, all the clones showed a similar
and very close trend in dry weights (Table 3) but, were different for leaf area and
leaf dry weight. Although TRI 2023 gave the highest total dry weight in Phase 3,
its leaf area and leaf dry weight were smaller than TRI 2026 and TRI 2025. Further,
the leaf area of TRI 2023, remained at a fairly constant level throughout Phase 3.
In fact, the correlation of LA with time was not significant (Table 2).

TABLE 2 — Best Fitting Correlation Co-efficients

TREATMENT

TRI2026 TRI2023 TRI2025 DN
PHASE 1

Dry Weight — Linear .8606%* 9051+ .9599*¢

. ~— Quadratic 7819+

Leaf Dry Weight — Linear 83584+ .8000** 9564+ .9586** **P < 0.01
Leaf Area — Linear .8118%¢ .6207+* 93830 .8099%¢

PHASE 2

Dry Weight — Linear  .8512**  9695**  .9052*>  .7530** *P <0.05
Leaf Dry Weight — Linear  .9553**  .9691**  .9256**  .7880°*
Leaf Area — Linear  .9686**  .9233*¢  .7509%* .7171°

PHASE 3
Dry Weight " — Cubic 97153+ 9765+ 9544 .9738** NS== Not Significant
Leaf Dry Weight — Cubic 8207*s .8338+* .8893¢¢ 8417+
Leaf Area — Linear — .3879ns —_ —
— Cubic .7966** -_— .8366** 5807+

_ TABLE 3 — Values of Total Dry Weight, Lea]' Area and Leaf Dry weight at the

end of each growth phase

Treatment TOTAL DRY WEIGHT(g) LEAF AREA — (dm%) LEAF DRY WEIGHT (g)
'Phase 1 Phase2 Phase3 Phasel Phase2 Phase3 Phase]l Phase2 Phase3

TRI 2026  116.14 166.35 1158.75 3255 5894 151.09 32.54 58.02 24535
TRI 2023 72,13 21540 1211.60 29.39 80.74 134.29 25.07 88.06 224.35
TRI 2025 116,14 240.30 1087.79 4270 95.03 135.69 5297 11140 321.63

DN 672,62 11794 799.27 23.07 3640 7391 28.39 4421 156.85
Relative Growth Rate

The overall RGR was higher in Phase 1 than in Phase 2 except for clone TRI

2023(Table 4). This may have been due to an increase in non-photosynthetic plant

materials. This was further evident in Phase 3, in which the RGR of all the clones
fell to very low levels (Fig. 2). The very high RGR in clone TRI 2025 and DN
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Fig. 2. — Expected curves for Relative Growth Rates (RGR) of Phase 3.
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in Phase 1 reflects their ability to establish well after transplanting. In clone TRI
2023, RGR increased from 0.0482 in Phase 1 to 0.0959 g/g/wk in Phase 2. This
clone takes a relatively longer time to establish, but subsequently grows vigorously.
Its very high RGR in Phase 2, may have been the result of a relativcly higher pro-
portion of leaf material. In Phase 3, RGR declined to about 0.€091 g/g/wk in all
clones and then increased to about 0.03 g/g/wk in clones TRI 2023, TRI 2026 and
DN (Fig 2); clone TRI 2025 differed however in that it's RGR continued to
decline. By this time, this clone had possibly produced a fully grown canopy
which restricted further growth. The dry matter produced may have becn utilized
for the maintenance of the bush, replacements of dead organs and the production
of flush (i.e. yield), which was not included in these calculations.

Net Assimilation Rate

Differences in NAR between clones were not evident until the 12th week of Phase
1 (Fig. 3a). Clones TRI 2023 and TRI 2026 maintained NAR’s at a uniformly low
level, whilst those of TRI 2025 and DN increased. Immediately after the cut given
at the end of Phase 1, the NAR of clone TRI 2023, increased to a very high level
(0.80 g/dm?/wk), but then declined to about 0.3 g/dm?/wk during the ccurse of
Phase 2 (Fig. 3b). In all the other clones NAR’s were maintained at rclatively
low levels with DN being the lowest. The effect of water stress on NAR was clearly
evident in Phase 3, in which the values in all the clones tested declined during the
drought period (24 to 48 weeks) - (Fig. 3c). Clone TRI 2025 was the least affccted.
Towards the end of Phase 3, NAR increased to higher levels exccpt in clcne TRI
2025, in which it declined apparently to negative values. The dense, thick canopy
of TRI 2025 at this stage with large horizontal leaves may reduce the light pene-
tration into the bush. Therefore, the lower layers of the canopy might have
been partially or completely shaded, resulting in low values of NAR.

TABLE 4 — Expected Relative Growth Rates (g/g/wk)

TREATMENT Phase 1 Phase 2
TRI 2026 0.0655 0.0533
TRI 2023 0.0482 0.0858
TRI 2025 0.0875 0.0508
DN 0.0809 0.0337

Leaf Area Ratio

Towards the end of Phase 1, whilst LAR increased in TRI 2026 and TRI 2023,
in clones TRI 2025 and DN it declined (Fig. 4a). This shows that in high-yielding
clones, such as TRI 2023 and TRI 2026, more of the dry matter produced was uti-
lized for the production of leaves than for the production of roots and stems, whereas
in drought tolerant clones, such as, TRI 2025 and DN, there was an opposite trend,
especially during the early stages of growth. This was further evident in Phase 2,
in which DN maintained its LAR almost at a constant level, whilst those of TRI
2023 and TRI 2026 increased continuously (Fig. 4b). Very low LAR towards the
end of Phase 3, may suggest that the production of canopy leaves was restricted
at this stage (Fig. 4c).
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Specific Leaf Area

The low SLA’s of DN and TRI 2025 in all three phases support the view that
these two clones possess relatively thick leaves (Fig. 5a - 5c). In Phase 3, SLA’s
in all four clones declined sharply until the commencement of the drought period

(around 24th week) and then began to increase (Fig. 5c). This may imply that,
during water stress tea leaves reduce their thickness.
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DISCUSSION

The use of polynomial regression to decide the best fitting growth curves for
plant growth analysis studies is becoming a very useful technique. This is specially
true in the case of woody perennials where high variability in data is unavoidable.
Large samples are extremely difficult to handle and it is a time and labour consu-
ming operation. There is always a risk of losing plant material during harvesting,
especially during the excavation of roots. Normally, in a population, plants are
not strictly uniform, even when they are vegetatively propagated. Therefore, to
minimize variability between samples, it is necessary to harvest a large number of
plants on each occasion. Due to the large amount of labour involved, experimenters
are usually compelled to choose a minimum sample size and/or to harvest at longer
intervals. This, not only increases experimental error, but also creates the possi-
bility of losing some valuable information during sampling intervals.

On the other hand, the curve fitting technique used in this study allows for
more frequent but smaller samples to be taken. This results in an even distribution
of the workload throughout the experimental period, and also gives more infor-
mation on time trend. The only assumption, which is necessary for the adoption
of this approach, is that fitted growth curves adequately describe the trend in the
raw data.

Clonal selection of tea has been practised in the past purely on the basis of
yield. Yield however may be influenced by many factors, mainly weather and
soil so that yield in a single environment is not a good criterion for selecting
clones. An understanding of the growth and behaviour of different clones
could be very useful in selecting and improving clonal tea. Clones have been
shown to differ in their physiology and/or morphology, eg. photosynthetic ability
(Shatilow and Alchivieldiani, 1980; Kathiravetpillai and Kulasegaram 1981) or dry
matter partitioning (Magambo, 1978; Kathiravetpillai and Kulasegaram 1981).
Nevertheless, only very limited studies have been made on the growth and behaviour
of the tea plant. - The growth analysis experiments carried out in this study, were
mainly aimed at explaining the growth and behaviour of our popular tea clones
in growth analytical terms.

Clone TRI 2023 has been recognized as the highest yielder among the four
clones, but it is susceptible to drought. The factors which determine this
response can be clearly identified by growth analysis. Once established, this
clone diverted the majority of its assimilates to leaf production, whilst the dry
matter distributions to the root was relatively low, resulting in a small root
Zystem, exploring a small soil volume and thus explaining its susceptibility to

rought.

The other remarkable feature of clone TRI 2023 was its marked response to
the cutting back of vegetative portions of the canopy. The NAR was increased
to very high level (0.8 g/dm?/wk) immediately after the cut givenat the end of Phase 1
(Fig. 3b). This may have been due to the exposure of canopy leaves to full light, and
.or possibly due to induction of new growth. This response was less evident at the
change between growth Phase 2 and 3. During Phase 3, the dry matter production
was mainly translocated to the new flush, which was being continuously removed.
If this yield data had been included in the calculations, the NAR would have been
much higher. The growth promoting effect of cutting as demonstrated in clone
TRI 2023 is worth investigating further, because even the plucking operations
could induce the production of new shoots and the magnitude of this effect could
vary from clone to clone.
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The total dry weight and leaf atea 6f ‘¢tlone TRI 2023 during Phase 3 (Table 3)
shows that although it produced the heaviest bush, its canopy was smaller than
those-of TRI 2026-and.TRI 2025. .This clone carries a fairly tall main stem, before
branching out, whichleads to a small canopy after the cut.

. The évidence._suggests, that NAR is not a constant characteristic of the tea
leaf, but varies depending upon the situation. Clones, such as, TRI 2023 and DN
. .-gves high NAR's, mainly due to -their.leaf and canopy characteristics. . It is a
common observation that these clones produce well spread, small canopies with
narrow, erect leaves, which may-allow more light penetration into the bush. In
TRI.2023:this results in a higher dry matter production. In clone DN however,
the efficient canopy . structure is counteracted by the reduced leaf area caused by

i . the distribution of dry matter mainly to stems and roots and the result is poor yield.

The rapfd decline in LAR in clones such as TRI 2023 during Phase 3 shows
that dry weight was being diverted to stem thickening (as well as to the produc-
.tlonl of 1;ewﬂushes which were then harvested and have not been included in these
analyses). :

- . The growth performance of TRI 2026 followed closely that of TRI 2023. This
clone established better after transplanting, but its subsequent growth was inferior to
TRI 2023. It produced a large canopy, which may have resulted in some mutual
shading of the Jower layers, so reducing their photosynthetic capacity. Clone
TRI 2025 produced the greatest amount of ‘dry matter among the clones studied
-duririg:Phase 1 and 2 but not in Phase 3. This clone established well within a very
short period of time and grew very vigorously, resulting in a bush with a large root
system ‘and .a large leaf canopy. This large canopy with its large, thick and hori-
zontal leaves may have reduced light penetration, so limiting photosynthetic capa-
city-of the bush.. The reduction of NAR and RGR even to negative values at the
end of Growth Phase 3, suggests that the growth of the bush had completely stopped
and that the lower layers of the canopy were not only unproductive, -but might
-also have been parasitic. It must, however, be emphasised once again that the
estimates of NAR and RGR given here are under-estimates due to the non-inclusion
of dry weight of the harvested crop.

. All four clones, responded to the drought period in Phase 3. NAR declined
and recovered again with the onset of wet weather. TRI 2025 was the least affected.
In this clone NAR was maintained at a moderate level throughout the dry spell,
but began to decline after that, possibly as a result of its dense canopy. Reduc-
tion in LWR with the onset of dry weather may have been due to the restricted
production of new leaves and shedding of some older leaves. The simultaneous
increase in SLA may indicate that the leaves become comparatively thin, during
water stress, perhaps by the loss of some storage materials or water.
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