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Growth of new shoots for the first crop
(spring crop, the most important one in tea
farming) exceeds the amount of net produc-
tion by photosynthesis in the season™, result-
ing in a marked decrease of reserve carbo-
hydrates in plants. It suggests that the
growth of new shoots for the first crop de-
pends on both accumulated carbohydrates pro-
duced by photosynthesis in the autumn and
winter seasons, and photosynthates produced
in the spring season®11), These three seasons
differ each other as to plant conditions such
as maturity level of assimilative leaves, and
presence or absence of developing new shoots,
and environmental conditions after photosyn-
thesis such as temperature, so that it seems
that the role of photosynthates produced in
the different seasons to be played for the
growth of new shoots of the first crop might
be different.

From this viewpoint, translocation and dis-
tribution patterns of photosynthates pro-
duced in each of the spring, summer, autumn,

and winter seasons were studied by using the
HC-tracer?™,

Materials and methods

Two-year-old plants of cultivar Yabukita
were planted in Wagner pots (1/5000 are),
and fed “C by photosynthesis (Table 1).
After that, the whole plants were sampled
from time to time to examine translocation
and distribution of photosynthates. Immedi-
ately after the plants were separated into
different organs, they were chopped to less
than 1 mm (leaves and rootlets were homo-
genated), and put into hot 80%-ethanol. The
extraction was repeated until C activity in
the final extracts showed less than 29% of the
total activity of each organ.

The ethanol insoluble residue was convert-
ed to 1CO, by an automatic sample combus-
tion system, except a part of it was treated
with 0.8N sulfuric acid to separate it into
sulfuric acid soluble fraction (reserve carbo-

Table 1. Condition for C assimilation of tea plants

Date of “C assimilation Temperature
Spring Mar, 24, 1977% 16,5°C
Summer I May 22, 1980%* 23
Summer II July 24, 1980%** 27
Autumn QOct. 25, 1978 19.5
Winter Dec. 16, 1976 13.5

%  Bud opening time of the 1st crop.

Light Assimilation HCO, activity
intensity time (CO, conc.)
30 klx 4 hr, 700 4Ci (0,1%)
30 2.5 1000 0.1%)
30 2.5 1000 (0.1%)
30 4 1000 (0.1%)
30 4 700 (0.1%)

% The first flush shoots were picked leaving lower two leaves on May 19, 1980.
#%% The first and second flush shoots were picked leaving lower two leaves on May 19, and

July 21, 1980, respectively.



Table 2.
Date of C Sample Days after uC New
assimilation No, UC-feeding activity* shoot#*
Al 1 196
A A2 34 107
utumn
Oct. 25, Ad 98 76
1978 Ab 131 98
A7 191 63 10,9
A9 265 51 0.4
W1 0 125 a
" W2 1 95
inter
Dec. 16, W3 46 93
1976 W4 83 89
W5 148 38 13.9
w7 226 28 0.6
Eeni Sp 1 1 97 2.7
pring Sp 2 28 48 37.6
Mi 4 o 43 28 52.7
Sp 6 124 21 1.6

* MC activity: dpm x 10%/plant Fr. Wt.
% A7, W5, Spl~3: 1st crop,
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Distribution (%) of "C in each organ at various seasons

Thick &
Leaf*** Branch Trunk medium Rootlet Total
root

56.6 8.3 11.1 13,6 10,4 100
40,1 9.6 5.1 19,2 26.0 100
38.6 7.7 5.1 32.4 18,2 100
26,5 8.5 57 25,4 33.9 100
16,1 15,1 7.6 21.0 29.3 100
25,8 13.1 13.3 21,5 28.9 100
93.1 5.1 1.4 0.2 0.2 100
66,4 5.3 7.6 16,6 4.1 100
25,0 6,7 9.9 45,7 12,7 100
23.7 8.8 12.9 43,4 11.2 100
6.2 11,2 12,3 37,2 19.2 100
19.7 15.0 10.0 27.7 27.0 100
64.7 5.4 17. 4 7.2 2.6 100
12.1 8.9 5.0 6.3 30.1 100
3.1 7.7 2.5 8.7 25.3 100

40.2 26.2 4,5 7.3 20.2 100

A9, W17, 8p6: 2nd crop.

#Ew o A9, W7, Sp6: Mature leaves on residual 1st crop shoots,

hydrate) and sulfurie acid insoluble fraction
(structural carbohydrate)?),

1C-activity of these samples was measured
with a liquid scintillation counter.

Movement of “C assimilated at
different seasons

1) Movement of Y“C assimilated in the

autumn season?)

During a period of one month after the
HC-feeding, about 45% of the C activity
in the plants was lost. This loss occurring
in an early period after 1C-feeding was com-
monly recognized at any season (Table 2),
although the extent of the loss was consider-
ably different with different seasons as shown
later. During that period, leaf fall was hard-
ly observed, and the loss occurred in free
sugars of the ethanol soluble fraction?). This
loss, therefore, is inferred to be the consump-
tion by respiration®?,

Of the total *C assimilated in the autumn,
except that consumed by respirations, 57%,
19% and 24% were distributed into leaves,

branches and trunks, and roots, respectively,
one day after the 4C-feeding. From 70 to
90% of the C distributed into each organ
was incorporated into the ethanol soluble
fraction, mostly in the neutral fraction, while
60-90% of the ethanol insoluble fraction was
contained in the sulfuric acid soluble fraction
(reserve carbohydrate). Such a proportion of
4G distribution one day after the C feed-
ing was almost similar for plants treated in
winter?), spring®’ or summer®, hardly show-
ing differences by presence or absence of
growing new shoots, or different temperature
conditions during the growth.

During one month period after that, the
assimilated C was translocated into roots,
and in each organ the ethanol soluble fraction
decreased while the ethanol insoluble fraction
increased. As given in Fig. 1, it is consider-
ed that the "C remaining in plants was
stored in the subterranean part in the ethanol
insoluble form in the winter, and then re-
translocated to the aerial part in the spring
to contribute the development of new shoots
for the first crop. Majority of the ethanol
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insoluble form was reserve carbohydrates in
old leaves, thick and medium roots, and
trunks, and structural carbohydrates in
branches and rootlets. This tendency is not
necessarily consistent with a previous report®
with some aspect, but this difference may be
due to differences in treatment after C-

80% ethanol insoluble

0.8N H, S0, -soluble-"4C

Seasonal changes in radioactivities of "C-photosynthates of tea plants

feeding, climatic condition, and in storage
capacity of trunks and thick and medium
roots depending on plant age.

Rate of translocation to the new shoots at
the plucking time of the first crop was 11%
of the remaining 4C in the plants (3.59% of
HQC activity found in the plants within 24 hr



after C assimilation). However, at this
time, a marked increase in 4C per unit weight
of old leaves and branches was recognized?®).
It indicates that 4C-photosynthate was fairly
retranslocated from roots into aerial parts
during the first crop season. It is inferred
from these facts that the reserve carbohyd-
rates are mainly utilized as an energy source
for the growth of new shoots, as well as a
component of old organs, while the newly
produced photosynthate is mainly translocated
into new shoots of the first crop.

2) Movement of WC assimilated in the

winter season?

The 4C assimilated in the winter season
was found to be translocated into stems and
roots, because of absence of new leaves which
serve as a sink, except 249 of it was con-
sumed by respiration soon after the assi-
milation, and stored there in the form of
ethanol soluble carbohydrates (mainly free
sugars)? or reserve carbohydrates such as
starch (ethanol insoluble and sulfuric acid
soluble).

During this season, assimilated C de-
creased only slightly (Table 2, W,~W,),
probably because of low rate of respiration
due tol ow temperature in the coldest season
and reduced growth, showing a difference*?
from the autumn season with relatively warm
climate and hence active growth.

Afterwards, C in thick and medium roots
and rootlets was decreased, followed by the
decrease of YC in branches and trunks, prior
to the bud opening and development of the
first crop shoots. Also, C in old leaves de-
creased, too. These decreases occurred mostly
with starch in thick and medium roots, with
the ethanol soluble fraction in branches and
rootlets, and with starch and ethanol soluble
fraction in trunks and leaves (Fig. 1).

However, the amount of translocation into
the first crop shoots was only 14% of the total
MO remaining in plant. Furthermore, the
total decrease of *C in these organs far ex-
ceeded the loss by defoliation which occurred
during this season. These facts suggest that
a considerable amount of C was lost by re-
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spiration. Namely, it seems that the asgimila-
tion products in the winter season without a
major sink, i.e. growing shoots, were trans-
located, except those consumed as a respira-
tory substrate soon after the assimilation,
into stems and roots and stored temporarily
as reserve substances. At the time of growth
of the first crop shoots, they were translo-
cated into aerial parts' and utilized for new
shoot formation and as an energy source for
i

3) Movement of C assimilated in the

spring season®)

About 70% of “C assimilated in the spring
(bud opening time of the first crop) was lost
by respiration of each organ and by defolia-
tion during the development of new shoots of
the first crop. During this period, 53% of
the remaining ¥C was translocated into the
new shoots, and ratio of 1*C distribution to
rootlets was also increased. From these re-
sults, it was inferred that C assimilated in
the spring was translocated actively into
rapidly growing organs (Table 2). Transfor-
mation into ethanol insoluble fraction occur-
red actively: incorporation into sulfuric acid
insoluble fraction in branches and rootlets,
and into sulfuric acid soluble fraction in
trunks and thick and medium roots (Fig. 1).

Translocation of 14C assimilated in the
spring into new shoots of the second crop
was only 1.6% of the remaining C. How-
ever, relatively high rates of C distribution
were observed in mature leaves and branches
(Table 2, Sp6). This finding seems to sug-
gest that the photosynthate newly produced
in the second crop season is translocated into
new shoots of the second crop, while C assi-
milated in the spring is utilized as an energy
source for the growth of the second crop new
shoots and as a component of mature leaves.
Namely, the development of new shoots is sup-
ported by photosynthate obtained during the
period of the development and reserve carbo-
hydrates derived from photosynthate pro-
duced in the preceding period, but the former
constitutes a major {translocation into new
shoots.
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Table 3. Distribution (%) of "C in each organ
. Days_ am, o o Thick & o
Date of YC Sample uC Frac- New z
assimilation  No. aﬁiﬁ;ﬁg' activity*  tion*** shoot** Leaf Branch Trunk m(:g:;.;m Rootlet Total
ES 68.8 i ] 3.2 0.1 0.1 79.5
S 9 27 gIs 9.8 0.6 01 tr . 20.5
512 1 72 ES 37.0 8.3 5.4 58 10.7 67.2
Summer I EIS 24.7 4.4 0.4 1.2 2.1 32.8
May 22, — R
1980 S14 62 83 ES 0.9 32.4 2.6 0.7 1.0 3.0 40.6
EIS 0.8 32.5 151 3.5 3.0 4.5 59.4
ES 0.2 30.9 2.4 1.2 1,2 2.2 38.1
618 Ha L EIS 0.1 38.1 13.5 3.3 2.1 4.8 61.9
ES 55,4 4.0 9.0 5.4 10.4 84.2
Summer 11 52! 1 1 EIS 1.2 0.8 0.9 0.2 2.7 15.8
July 24,
1980 993 42 42 IS 1.3 11.7 2.7 2.7 3.1 6.4 27.9
EIS 23.5 14.0 7.4 11.2 72.1

# MG activity: dpm x 10°/plant Fr. Wt.
*% S14: 2nd crop, S15, S23: 3rd crop.

g

4)  Movement of “WC assimilated in the

summer seasond

Majority of leaves left after plucking the
first erop were immature leaves grown during
the first crop season, and buds of the second
crop were recognized still undeveloped by the
naked eye. It took 25 days from the C feed-
ing to the bud opening. Therefore, the sink
for the 1"C assimilated at this time is matur-
ing leaves on residual shoots of the first crop,
as well as growing stems and roots. As the
result, most of the assimilated C was lost
by respiration at an early stage after the C-
feeding, and the rest was distributed into each
plant part (especially in leaves) in the form
of ethanol insoluble fraction (Table 3). It
hardly translocated into new shoots of the
gsecond crop.

After the plucking of the second crop, buds
of the third crop are still undeveloped when
observed by the naked eye, and it took 25
days from the 4C-feeding to the bud opening.
However, the assimilating leaves are com-
posed of 659% of mature leaves on the residual
first crop shoots and 35% of maturing leaves
on the residual second crop shoots, showing
an increased source activity, On the other
hand, stems and roots have exhausted their

1.4 14.6

E E: 80% ethanol-soluble "C, EI S: 80% ethanol-insoluble "C.

nutrients by the first and second pluckings.
Accordingly, it was inferred that C assimi-
lated after the second plucking hardly trans-
located into new shoots of the third erop, but
was mostly translocated into stems and roots
to enrich plant body, except those lost by res-
piration.

Based on these results, it was made clear
that the rate of translocation of C assimi-
lated in different seasons into new shoots of
the first crop is highest for the spring assim-
ilation, followed by the winter assimilation,
and autumn assimilation. In other words, the
nearer the time of assimilation to the time
of new shoot development for the first crop,
the more assimilate is used for the new
shoots. At the same time, *C assimilated in
the season prior to the new shoot development
is not only used to enrich plant body, but also
accumulated as reserve carbohydrates to be
utilized as an energy source for the new shoot
development. This fact suggests that reserve
carbohydrates play an important role for the
development of new shoot.

From the results of the present study, it
was clarified that in the tea plant, a perennial
evergreen tree, from which leaves, an assimi-
lating organ, are removed repeatedly, accu-



mulation and translocation of these reserve
carbohydrates are largely influenced by plant
conditions (degree of maturity and quantity
of leaves as a photosynthetic organ, extent of
exhaustion in storage organs, and with or
without growing new shoots and their stage),
environmental conditions after the photosyn-
thesis, and with or without leaf fall. Further
studies on details of the relationship between
these conditions and accumulation of reserve
carbohydrates have to be done in future, in
order to know how to increase the amount of
reserve carbohydrate accumulation.
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