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Photosynthesis, translocation and accumulation
of assimilates in cereals during grain development

I1. Spring barley — photosynthesis and the daily accumulation
of photosynthates in the grain

H. BIRECKA, J. SKUPINSKA
INTRODUCTION

In our previous investigations on barley and wheat (Birecka, Sku-
pinska, Wojcieska, Zinkiewicz Part I, 1963) it was revealed
that the application of shading or defoliation technique for a period
of 30, 15 and even 8 days — in order to determine the role of particular
parts of the plant after ear emergence in the total weight increase
as well as in the accumulation of assimilates in the grain — led to
very divergent and thus uncertain results. This was caused mainly:
1) by a partial compensation for removed or shaded organs, manifesting
in an increased photosynthetic activity of parts exposed to light (first
of all of the flag leaf and glumes and awns, which were increasing
in size) and also 2) by a more intense translocation — under these con-
ditions — of organic compounds to the grain.

A number of workers have often applied short exposures of parti-
cular leaves of intact plants to labelled CO, and have examined the
tranclocation of 4C — assimilates to other organs and also to the
kernels. Among cereals, rye (Mayer, Porter 1960), wheat (Kraw-
cowa 1957, Pietinow, Szan-Eun 1962, Shen and others
1959, Z.6tkiewicz, Prusakowa 1957) and rice (Asada Kozi
1960, Murayama 1961) were investigated in such a way. In expe-
riments with barley Buttrose and May (1959) — in contrast
to others — exposed the ears to C — labelled CO, and tested the
radioactivity of the kernels at various intervals after exposure.

Such a technique, however, does not permit simultaneous exami-
nation of the contribution of photosynthesis in particular organs
to the total CO, assimilation or-to the accumulation of organic matter
in the grain. Simultaneous examination of all green parts in such
a way, that only one and every time a different organ of a particular
plant is exposed to labelled CO,, is from the practical point of view
exceptionally difficult and would be burdened with very great errors
through various causes. Therefore continuing experiments on cereals —
already using C10; — it seemed impossible to give up the technique
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of shading or defoliation completely. However we ftried to diminish
the eventual ,artefacts” caused by these treatments by significantly
reducing the duration of their effect on the plants.

Results of a part of the investigations, i. e. of experiments with
barley var. Browarny PZHR are reported below.

METHODS

On April 15, 1961 seeds were sown in pots filled with a mixture
of soil and sand (7 + 2 kg). Basal and top dressing was as in the
experiment with barley carried out in the same year at Putawy
(part I, 1963). Full sprouting was noted on April 20. The plants were
thinned gradually to 12 per pot. The beginning of ear emergence was
observed on June 8. At that time the plants had two ear — bearing
shoots (very few plants, 1—2 per pot had a second small tiller — these
plants vere removed); only three upper leaves on each shoot were green.
The leaf lamina of the tiller were smaller than analogous lamina o=
the main shoot (mean area, main shoot: I — 15.7; Il — 14.6; III — flag
leaf — 7.8 cm?; tiller: I — 12.0; II' — 11.8; III — flag leaf — 4 cm?).
On the day of the first sampling, i. e. on June 12 the lower yellow
leaves were removed; their average weight amounted to 320 mg per
plant (from the main shoot — 172, from the tiller — 149 mg).

The plants were sampled (always early in the morning) seven times
at five day intervals except for the last harvesting, which was accom-
plished 10 days after the preceding one (Tab. 1). They were killed
at 105° and subsequently dried at 60° C.

In the middle of each five day period some of the plants were
placed in a plexiglass chamber * (about 750 1 in volume), into which
1#C — labelled CO, was introduced. Following treatments were investi-
gated (in three replicates, 2 plants each): 1. control; 2. tiller removed;
3. leaf laminae removed; 4. awns removed; 5. ears removed; 6. ears
shuded; 7. all vegetative parts shaded (ears only exposed to light).
In the treatments 3—7 the tillers were treated similarly to the main
shoots. The appropriate technical procedures were applied immediatel
before introduction of plants into the chamber. For shading a double
sheet of white and black (on the inside) paper was used. The soil
surface in pots was covered with cotton soaked in a weak solution
of H,S04. The plants were always placed in the chamber early in the
morning. Immediately before CO, liberation two small rotation fans
were set in motion and the chamber — placed out-of-doors — was
covered with opaque material for 10—15 min. During this time the
reaction between natrium carbonate and lactic acid ceased. The

* A more detailed description of the chamber used in these cxperlments
is to ‘be found in -another publication (Birecka 1963).



Photosynthesis, translocation and accumulation of assimilates. II.

Table

1

533

The state of barley plants during the period from ear emergence to maturity
Experiment 1961

No

Date of
sampling
and
observa-
tions

The state of plants*

12.VI

17.VI
22.VI

27.V1
2.VIIL

7.VII

17.VII

green

internode

green

base only green

Plants at full maturity

The lowest leaf partially yellow
The lowest leaf fully yellow, the stem green above the

Three leaves ** green, stems (including leaf sheaths) and ears

first

Flag leaf green only, the ends of awns turning brown
Flag leaf completely yellow, only the upper part of the

stem

All leaves and stems yellow, glumes and awns at their

* The state of the tiller was similar to the state of the main shoot.
++ Strictly speaking leaf laminae; the word leaf will be used subsequently with this

meaning.

Table 2
Conditions, under which barley plants were kept in the plexiglass chamber

No

Date of
experi-
ment

14-15.VI
19-20.VI
24-25.VI
29-30.VI

4-5.VI1

%M— “C content | Fluctuation
Total found in | of tempera-
radio- |plants** per| tureinthe | Weather
g 9 activity | cent of the | chamber*** | conditions
e total activity| during the
applied day — °C
P |
4.4 0.3 1.5 90 " 14-23 | clouded
4.4 0.3 1.5 90 18—25 clouded
i 4.4 0.3 1.5 80 23—30 sunny
| 18 0.12 15 90 19—28 | varying
! | | cloudiness
11 008 0.75 |i_______1_5 20-25 | clouded

* Including the normal CO2 content in the air volume in the chamber.
** In their aerial parts.
#*+ The chamber had been cooled with water several times during the day while it
was hot. The temperature in the chamber did not differ markedly from the temperature under
the net of the greenhouse, where the plants were placed during the daytime.
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plants were removed from the chamber after 24 hours and 1mme:11a-
tely killed at —60°C. ;

Table 1 shows the state of plants sampled at particular periods in
the greenhouse. Taking into account, that 15 days after ear emergence
only the flag leaf — among all leaves — was green, and after the
following 5 days only the ear and peduncle were capable of photo-
synthesizing, the amount of labelled CO; in the two last experiments
was markedly diminished (Tab. 2).

Radioactive plant material was ground in a suitable mill (in
a frozen state) or in a M.S.E. homogeniser. Afterwards it was ad-
ditionally homogenised in a glass homogeniser. The radioactivity was
determined by means of a G. M. counter with a mica window 1.1 mg
per cm?® in thickness and 25 mm in diameter. Its efficiency at the
geometry applied was about 4.7%. The amount of plant material on the
planchette did not exceed 0.5 mg/cm?2.

RESULTS

The dry weight of the green parts of the main shoot immediately
after heading was about 45% higher than the total weight of analogous
parts of the tiller (Tab. 3). These shoots differed also with regard to their
weight increase in the later period. The relatively highest total incre-

Table 3
Weight of barley — g d. m. per plant
Experiment 1961

i o Main shoot Tiller Aerial

: "E" ; parts Roots

E E shoot grain* total shoot grain* total total

vy
12.VI 1.14 0.11 1.25 0.79 0.07 0.86 2:11 0.73
17.VI 1.20 0.25 1.45 0.86 0.18 1.04 . 2.49 0.65
22.V1I 1.26 0.50 1.76 0.89 0.36 1.25 3.01 0.69
27.VI 112 0.72 i 1.84 0.80 0.52 1.32 3.16 0.65
2.VII 1.09 0.93 2.02 0.77 0.72 1.49 - 3.51 0.48
T7.VII 1.08 1.03 2.11 0.79 0.81 1.60 3.71° 0.47
17.VII 0.99 0.95 1.94 0.74 0.69 1.43 3.37 0.39
LSD. | 6091 | 0065 | 0152 | 0065 | 0080 | 0.131
(p=0.05)

* The number of kernels: main shoot — 25, tiller — 21.
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ment occurred during the first 10 days after ear emergence; during the
subsequent 10 days it was less and just the same for both shoots.
The increase in the total plant weight within the period between the
20th and 25" day is not statistically proved. At this time a rapid

Fig. 1. Weight of leaves and stems
of barley plants, g'dm per plant

S. M. — stem of the main shoot; L. M. —
leavesz eof the main shoot; §. T. — stem
of the tiller; L. T. — leaves of the tiller.
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decomposition of roots was noted. The grain increment after 25 days
corresponded to the total plant increment. It should be added that
during the last 10 days of maturation a decrease of dry weight in the
main as well as in the side shoot occurred, especially in their grain.

Changes in the weight of particular plant organs after heading werc
analogous to those observed in the experiment carried out at Pulawy
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Fig. 2. Weight of grain and glumes &
awns of barley plants, g d. m per
plant

G. M. — grain of the ear of the main
shoot; G. T. — grain of the tiller ear;
C. M. — glumes & awns of the ear of

the main shoot; C. T. — glumes & awns
of the tiller ear.
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(part I, 1963), i. e. 1. the weight of the laminae with ageing was
diminishing (Fig. 1); 2. the stems showed a transient increase in their
dry weight in the first period of grain filling (the differences in weigh*
between sampling II and III is not statistically proved); 3. at the same
time the weight of awns and glumes increased (Fig. 2), 4. the degree
of dry matter accumulation in the grain was relatively small in the
first period after heading, in the subsequent period considerably higher.
After the first 10 days the grain increase was lower than the total plant
increase, but during the subsequent 15 days this relationship was
reversed.

In table 4 and 5 the results of experiments with 4 C are presented.
The specific activity of 14 C— CO, applied in the two last experiments
having been higher (Tab. 2), the data obtained were converted and thus
diminished according to the specific activity of CO, applied in the first
three experiments, i. e. 355 X 103 cpm per mg CO, (at 4.7% of
counting efficiency). Therefore the results of all five experiments are
comparable.

The radioactivity of plants found after 24 hours — by the normal daily
rhythm of light and darkness — characterises in particular experiments
a value between the true and net assimilation, taking into account in the
latter case the utilisation of the photosynthetic products in respiration
at night. It should be added, that during the daytime the liberated —
as respiration product — labelled CO, was in all probability reassi-
milated by the green plant parts, at night — similarly as in daytime —
organic compounds previously accumulated could also have served as
substrates for respiration (to a different degree in various plant organs).
Taking into account that the average rate of respiration at the investi-
gated stages of plant development, especially at night, was relativelv
not high (Porter and others 1950, Thorne 1959, Scheibe and
others 1959, Muller 1960, Stalfelt 1960), the activities found
in plants — interpreted as amounts of CO, assimilated — should perhaps
be considered rather as values more approaching the true than the net
assimilation.

The amounts of carbon assimilated by controls in the first three
experiments were similar, but significantly lower in the fourth one.
However it must be borne in mind that similarities or differences
in the photosynthesis rate could be caused not only by the physio-
logical state of the plant, but also by differences in temperature
(e.g. exp. IIT) and CO, concentration (e.g. expt. IV) in the chamber.
The average daily weight increase of barley in the greenhouse during
10—15 days after ear emergence accounted for 40—50 mg for the main
shoot and 30—39 mg for the tiller. The amount of carbon assimilated
‘by the controls in the chamber — as average for three experiments



‘(uonlenIan(} punoldyoeq ayl Jo SWI] Ay} ulyIIm ST Yolym ‘wdo g aaef Fununod 10a11p) wdd (I ¥ ¢'1 Inoqe Fulsq Ieulwe] Fesr Yyl Fuipniaul
A1anoe 1E10) J1ay3 ‘A11IA1j0E padlewl AuB MOUS JOU  PIP SW3ls 3U) ‘9ANDEOIPEI Sem SIUJEI ay) AlU0 L JU JUIWIEIN} U SIUDEI 3yl SUIpnNPuUl ..
I — "L ‘jo0ys ulew — 'S I«

(44 8¢ | w1 _ ¥e 92 L J, Iu juswjeal} J1oj
- ege 602 _ 4 002 PL m 961 1L €1 091 44 sjuswijear) [re 1oy (¢o'0—d) "'a’sT
) s
109 98¢ 60T 9 0 LS LEP £01 L 0 ‘L 03 pesodxal 1
609 108 00T 8 0 | 665 £8v GOt L 0 ‘SN s1ea A[uo|
63LT | 986 9g L8g 0T || €891 | WLV 8c G66 _ 981 T papeys 6§
6082 o€zt 1L ZeL 9L% _ 0502 IL9 qg 9e11T | 8F2 ‘S'IN sieq
1681 - - 8bel 6b1 | 1991 | — - 99%1 | 861 T pasownz|
7418 =i = 9ze1 86z || €0ge = — = €061 | 00g ‘SN sIeq
68T 0F6 LS 41 9%1 _ e8I 144 ce Ge0T 093 T paAowax 5
9692 (44141 08 L26 LT || L9Ve 0L Ly 9ge1 ¥ee ‘SN SUMY
TSFT 628 ~ BET 09% — 8901 = G6F (181 €97 = 7 vmb.oEm.._ ¢
002 GBIT gLt 9€9 — F8ET 999 €el G6g — ‘SN SaABYT
= e == = e f — _ - == =5 == ‘L pasowal z
69¥2 Poel 691 69L | L& | 6252 _ CLG €21 €021 822 SN I3LL
9181 188 Ll 009 96t | =261 | 9zL 011 p16 | @91 "L oxuop| 1
80523 | ©9%l PLI 6LL 062 _ gLS2 | €56 921 geer | 1@2 | 'S'IN
_ _Mnﬂ|r | seuIE | _ sume ||_m.mw:_EE
12101 _ urels | sowngs | 1218 Jeal 1810} _ uers sown(8 MEC Jeal
! I . _il.,.. s ali=d — _ « Sj00US | jusuealy, ON
0Z - 61 2unp = II | Sl -¥%1 aunf —1I
juawirradxa Jjo 9je
1961 — II pue ] juswriadxy

juerd Jad wdd (01 — NOU: 0} aansodxa sinoy g I9}3e sjue[d £a1ieq Jo L}AIOEOIPEI YT,
¥ 2198



‘3A1}OBOIPEI SEM SIUDBI Byl A[Uo L Ju "3BaI} Ul ‘S|yoes ayy Sumpnroul
-aeUIWE] JEa[ SUTAI] OU — YIFIF 2y} ul ‘Fea] usaidAqenied ‘auo A[uUo — yInoy ayy ur ‘Jo00ys

ELd

yoea uo (moraf sem Aenaed ysiym jo auo SBUTWE] JE3] usald om) pey sjuerd ayj jusurizadxa paryl ayl ur I3y — ‘L ‘J00ys ulewl — 'S ‘W«
6 — —- 6 - T paAouial g
. g - = g - ‘SN sieg
¥ 9¢ g ¢ = L
07 e € £ = S onjuod| 1
e c-% Anr—A
11 6 k | a1 1 o1 L IU jUauIjeas} JIoj
0st €01 (4t 44 ¥ | 092 6el1 €e LFI 44 sjudwjeay; [re 10y (¢0'0—d) "a’sT
982 €92 8e g 0 [ 7 0£9 c01 L 0 L 14811 0 pasodxa .
9LE T0€ L9 8 0 €98 91L 0%l A 0 ‘S IN sied A[uQ
20L G6% 0g 891 61 Peer 768 444 99¢€ 6% L pepeys 9
$08 €8¢ 02 6LT 44 $LOT 0101 gg 91 ¥6 SN 1eg
£g9 — -— 029 ge * 0FFI — — 0eg1 011 b paAowal g
159 — — 829 4 TLLY — — 6191 f4<) SN siey
128 L9% 12 €2% 18 4 8 LZ6 8¢ 0% 99 L pasouial
228 L8S 9g »81 o1 £06T 9LIT I¢ 659 L1 S sumy| 7
61L 294 (44 £PI = 26ST 42181 [ 241 9ce e L paAouwal
ces £09 1L 181 — oLt | POIT | sel 66¢ = ST soavory| ©
e — — — —_ — = . = | L pasowal
0g8 0%¢ 6% 92¢ Gl L212 gIer 821 60% gL "L
$201 6LS 1L $GE 0% 8592 0%ST LT 908 121 S onuod| 1
. sume sruTwe| o e sume aeuwE[
1810} ureas sowng | +*WS el 1E30% : sowmnpg | *=W°Is Jeal
5100 uawjeal
0€ - 62 aunp — Al G - ¥2 aunf —II1 e ¥ Lo °N
juswiriadxa jo ajed

querd Jod wdd ¢0T — 0Dy 03 2ansodxa sInoy $g 9378 sjue[d £a1Ieq Jo L}IAIJOBOIPVI Y],

1961 — A PU®B AI ‘III juswliadxy

¢ 2Iqe L




Photosynthesis, translocation and accumulation of assimilates. II. 539

carried out at that period — accounted respectively for 43 and 32 mg,
when the radioactivity is converted into amounts of organic compounds *.

The calculation of the organic matter increase on the basis of plant
radioactivity is burdened with a certain error in plus and in minus
for: 1) the activity does not correspond to the value of net assimilation,
2) the specific activity of assimilated * C — CO, could have undergone
changes, caused by the respired CO, which derived from organic
compounds accumulated before the beginning of the experiment. In spite
of these structures it can be assumed, that the average rate of photo-
synthesis in the chamber in the first two experiments was actually
lower but not much as compared to the rate shown at that time by
plants in the greenhouse. However it should be added that the rate
of assimilation during the daytime in the chamber was undergoing
marked changes not only because of changes in light intensity and
temperature but also through changes in CO, concentration.

If in the fourth experiment a. marked decrease in the amount of
assimilated carbon could have resulted not only from a lower photo-
synthetic capacity of the plants, but also from the lower dose of CO,
applied, then the minimal amount of photosynthates in exp. V — accoun-
ting for 2% of the amount found in the first period — resulted only
from the physiological state of the investigated plants. k

In order to determine to what degree the products of current photo-
synthesis were translocated during 24 hours to the roots, in exp. II the
soil was washed carefully away from the roots of some plants, which
then were put on a nutrient solution and placed in the chamber. The
activity of their roots amounted to 10—12 > 103 cpm per plant, which
constitutes hardly 0.3% of the radioactivity found in the aerial parts
of control plants (in soil culture). If assumed that the true amount
of photosynthates translocated **, to the roots of the latter plants was
4—>5 times higher, then even this wvalue would have been of little
significance, when the total amount of assimilated carbon is under
consideration.

In all experiments — except the last one — the total activity of the
main shoot was higher than that of the tiller. During the first 10 days
of investigations — assuming that each experiment with 14 C characteri-
ses the behaviour of plants for a 5-day period — there was no trans-
location of photosynthates from one shoot to another (at least during

*  Assuming that the carbon content in the organic matter accounts for 45%.
** In our experiments the transfer of plants from soil into water culture
caused a diminishing of about 20—25% in the amount of carbon assimilated
by the plant. Even by very careful washing of the roots a part of them could
be damaged. Their radioactivity is lowered also because of the utilisation of
assimilates in respiration. ;
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24 hrs.). However in the following period — as the data obtained show
— the main shoot was in all probability partially supplied with these
compounds by the tiller. For the removal of the latter caused a decrease
in the activity of the stem (exper. III) and especially of the grain in the
main shoot (exp. III and IV). Thus, if in the first period, when each
shoot had at least two green leaves, the photosynthetic capacity of the
main shoot was higher than that of the tiller, then in the subsequent
period this capacity in both shoots seems to be similar.

Table 6
The contribution of leaf laminae, ears and stems to the
total CO, assimilation — percent of the total radioactivity
of- control plants

No - E;:fm;f £ la[r;:ifae Ears {ca?a: ﬁgied
only)
I 14—15.VI 45 25 30
II1 24—25.VI 31 34 35
v 29—30.VI 15 36 49
\' 4—5.VII 0 84 16

* The experiment carried out on the 19th—20th of June is omitted because of the great
magnitude of the L.S.D., the contribution of ears in this experiment amounted to 25 per cent
of the total CC!2 assimilation.

The contribution of photosynthesis in the leaf laminae (treat. 1 and 3)
to the total CO, assimilation in the first period after heading in the
main shoot as well as in the tiller amounted to about 45% (Tab. 6).
In the later period it was gradually diminishing and 20 days after
ear emergence it was nil. The contribution of ears can be estimated
from the results of treat. 5, 6 and 7. In all experiimients (except
exp. IT* treat. 6) ear removal as well as ear shading brought about
a decrease in the amount of assimilated carbon — in most cases to the
same degree. It seems however that more reliable information can be
obtained from plants, whose ears only were exposed to light (treat. 7).
When the values of the standard errors for all treatments and for
only treat. 7 are compared, it becomes clear that the differences
between replicates were caused by differences in the rate of photo-
synthesis mainly in the vegetative organs. Therefore the values —
presented in tab. 6 — of the contribution of ears to the total CO;
assimilation were calculated from the results of treat. 7. It should
be added that the magnitude of differences in radioactivity between

* The standard error of this experiment being relatively very high, its
results will often be omitted in further consideration.



Photosynthesis, translocation and accumulation of assimilates. II. 541

the control and the two aforementioned treatments (5 and 6) in most
cases (within the limits of the standard error) were similar to these
results.

The contribution of ears — as is shown by the data obtained —
during the first 10 days, i. e. during the period of the greatest dry
matter increase, accounted for about 25%, in the later period — with
ageing of the leaves — it was increasing. At the end of plant
development, when the photosynthetic capacity was minimal, almost
all the carbon assimilated derived from the green parts of the
ears. In all experiments, except the last one, the ear of the main
shoot showed a higher radioactivity than that of the tiller in the
treatment under consideration. However the differences were relatively
small.

The attempt to determine the role of the awns themselves in the
total CO, assimilation during the first ten days of investigations has
not given any reliable results. This fact in all probability was due to
the occurrence of recompensation processes*. On the other hand in
exp. III and IV, when the assimilating area was decreasing rapidly
the marked role of awns was distinctly revealed.

The approximate estimation ** of the role of stems*** shows that
their contribution to the total CO, assimilation was changing from 30 %
in the first period to 49% in exp. IV. However in the latest period
the role of the stems (strictly speaking of the peduncle only) was
of little significance.

When the relative radioactivity of particular organs is compared
with their contribution to the total amount of photosynthates, it becomes
clear that during 24 hours new assimilates were intensely translocated.
This process occurred at the highest rate in the leaf laminae, for in all
experiments only 20% of carbon assimilated by these organs could
be found in them. At the first stage of grain filling the main —
although not the only — acceptor of photosynthates from leaf laminae
were the stems. For their activity constituted about 50% of the total.
activity, the contribution of these parts to the total CO, assimilation being
only 30%. In the later period however the main acceptor of the
leaf lamina photosynthates were the kernels.

The degree of accumulation of photosynthates in the grain during
24 hours was different in particular periods of investigations (tab. 7).

* It is worth noting that in exp. I the grain of plants deprived of awns
showed a lower activity, although their total activity was similar to that of the
control.

** Total plant activity minus the activity due to photosynthesis in leaf
laminae and ears.

*#*  Strictly speaking stems with leaf sheaths.
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In experiment I it was the lowest constituting about 37% of their
total amount; in the following period it was gradually increasing to
60—64% (per whole plant) reaching 85% at the advanced wax stage
of kernels. Obviously the changes in absolute amounts of *C—assimilates
daily transported to the grain in the investigated stages were of somewhat
different character because of the differences in the photosynthetic
capacity, especially in the later period. It is worth noting, that in exper.
I and II the amount of photosynthates translocated to the grain of the
main shoot was higher than that translocated to the grain of the
tiller, in the subsequent experiments it was the same * (Tab. 4 and 5).
Analogous differences between the first 10 day period of investigation
and the following 15 day period could be found, when the absolute
increase in the dry weight of the grain of these shoots is considered.

New assimilates accumulating daily in the grain derived from various
sources. One of them were the green parts** of the ear itself. The
average contribution of their photosynthates to the total amount of
14C — assimilates accumulated in the grain accounted in experiments
I—IV for about 50%. Between the 20th and 25th day after heading
almost all these assimilates derived from the green parts of the ears.
It should be added that in all experiments about 80% of photosynthates
formed in these parts were translocated during 24 hours to the grain.
The radioactivity of awns and glumes in treat. 1, 6 and 7 indicates
that a certain amount of assimilates was translocated to them from
vegetative organs. However this amount *** found after 24 hours
(treat. 6) was very small.

The two remaining sources, i. e. leaf laminae and the stems supplied
the grain with 4C — assimilates daily to a different degree at particular
stages of filling. The data presented in tab. 7 seem to indicate that
in the first stage the photosynthates of leaf laminae played a greater
role in this process. Within the period between the 10" and 15
day after heading a certain preponderance of assimilates formed in

* In these experiments the relative accumulation of “C — assimilates in
grain — calculated as percent of the total activity found in each shoot — is
higher in the tiller than in the main shoot (in their stems a reversed relationship
can be observed). This fact can be due to the supposed translocation of assimilates
{rom the vegetative parts of the tiller to the main shoot.

** Not only awns, glumes and flowering glumes can be numbered among
the assimilating parts of the ear, but also the seed coat, which remains green
for a long time. In our considerations of assimilate accumulation the word grain
is used as including both kernel and the flowering glume.

*** Though in most cases the sum of the radioactivity of awns and glumes
of plants, whose ears were shaded, and of plants, whose ears only were exposed
to light, corresponds to the radioactivity of these organs in the control, it can
not be certain that the observed translocation of assimilates to the green parts
c¢f the shaded ear was not caused by the treatment of shading itself.
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Table 7
Translocation of C—labelled assimilates to the grain —per cent of the total
activity of each shoot of control plants

Experiment
2 I 11 m | | v
g Plants ]
arts - - - -
E‘ £ £ g |tiller| .£ B | tiller | £ 3 | tiller | .5 § ,l tiller | £ B | tiller
= £ G £ G £ G | €8 £ G
l | .
total | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
i !
. . .
Control | 10 Stem |
only 50 | 48 | 31 | 33 | 31| 21| 34 | 26 7 5
in grain |
only 36 | 38 | 50 49 | 58 | 70 | 57 | 66 | &5 | 84
total 54 | 56 64 | 75 | 84 | 87
in stem* _|
Leaves | “only | 23 | 24 15| 15| 18| 17
removed
in grain . ‘
only | 26 | 26 | 44 [ 54 | 59 | 64
J
Onlyears total 23 | 28| 24 | 28| 33| 35| 36 | 34
exposed in grain
tolight | only | 19 | 22 | 20 | 21| 27| 20| 20| 29
L.S.D.**| Stems 2.7 7.9 3.4 4.5
(p=0,05) | Grain 3.4 5.4 3.9 5.0

* The reported data comprise the carbon translocated to and assimilated by the stem
(including the sheaths).

** The L.S.D. for stems and grain of plants deprived of leaves or with all vegetative
parts shaded were calculated on the basis of differences between the activity of each repli-
cate and the average activity in the control (the differences between replicates in the control
plants were very small).

stems over those formed in the leaf laminae could be found in the
grain; between the 15th and 20th day the leaf laminae did not supply
with any marked amounts of photosynthates.

The observed tendency of changes in the role of leaf laminae and
of stems in the daily accumulation of ¥C — assimilates in the grain
corresponds to the tendéncy of changes in the contribution of these
organs to the total CO, assimilation. However it should be borne
in mind that the translocation of photosynthates from stems to the

grain in plants deprived of leaf laminae — and it is mainly on their
behaviour, that the conclusions about the contribution of 4C — assimi-
lates from vegetative parts were based — could have been more

intense than in the controls because of the treatment applied. Thus
the participation of photosynthates formed in stems in the total amount
of daily translocated carbon from the vegetative parts to the grain
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could have been in fact smaller, especially at the latest stages, than
it would have seemed from the data obtained.

A number of results of exper. III and IV indicate that the treatments
applied could have caused an increased translocation of assimilates
from the stem to the grain, i. e. the treatments of awn removal or of
ear shading. However the kernels exercising as acceptors of organic
ccompounds a marked influence on the translocation of photosynthates
from the stem did not effect their translocation from the leaf laminae
at all. The evidence for this is the great accumulation of labelled
carbon in the stems of plants deprived of ears; at the same time the
leaf laminae of these plants do not differ significantly from those
of the controls as regards their radioactivity.

The above reported experiments permitted an approximate estimation
of only the daily translocation of products of current photosynthesis
in green parts of barley to its grain. The fact, that relatively great
amounts of them remain after 24 hours in the vegetative parts does
not allow any conclusion to be drawn about the true role of particular
investigated organs in the accumulation of assimilates in the grain.
In 1960 in the investigations with barley carried out in the green-
house (see part I, 1963) several days after ear emergence, i. e. on
June 23 some plants deprived previously of tillers were placed in the
plexiglass chamber, into which ¥ C — labelled CO, was introduced.
Control plants, plants with ear shaded and plants with all vegetative
parts shaded vere investigated *. They were sampled after one and
two weeks exposure to 14 CO, (each treatment in 3 replicates, 2 plants
each). The labelled carbon in equal amounts and of equal specific
activity was introduced at 2—3 day intervals in the first week — three
times, in the second one-twice. It should be remembered that — as it
was discussed in detail in the quoted publication — in the period
under investigation in the greenhouse: 1) the control plants showed
the highest weight increase, 2) shading of vegetative organs for 15 days
caused a more intense growth of awns, 3) ear shading at that time
brought about an increase in the weight of the flag leaf lamina and
in the translocation of organic compounds from the green plant parts
to the grain.

As the results of the experiment 1960 with labelled carbon show
(Tab. 8), the total weight increment of controls after two weeks was
not lower than that of analogous plants under greenhouse conditions
However the weight of their leaf laminae was lower. The observations
of vegetative organs indicated that the ageing of plants in the plexi-
glass chamber was quicker than in the greenhouse.

* The shading treatments were applied immediately before the plants were
placed in the chamber.
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Table 8
Dry weight* and radioactivity of barley plants after one and two week
exposure to MCO, (per plant)
Experiment 23.VI—T7.VII.1960.

545

After one week After two weeks
Plant | I __] I 11 — I . S S
parts only ear onl
year
control orllllydezr exposed L_S('}]{:;s | control only ear exposed L.8.D.
shade to light p=/1. shaded to light p=0.05
1 layweightgdm | [ | | .
Leaf | | R
laminae| 0.19 0.20 0.16 019 | 0.16 0.17
Stem** 1.06 1.04 1.01 1.04 | 1.04 0.93
Glumes
and i i
awns 0.18 0.16 0.16 0.18 015 | 015
Grain 0.59 0.54 0.47 0.92 0.79 0.65
Total | 2.02 1.94 180 { | 233 204 | 190 |
radioactivity 10° cpm
—= | O o i B
laminae 28 31 60 | 49
Stem™ | 146 77 [a 182 | 156 6"
Glumes | '
and | |
awns ‘ 31 15 | 27 ‘ 62 | 17 ‘ 33 |
| | ]
Grain 699 603 | 208 39 | 1623 | 1050 543 | 37
Total 910 726 242 | 32 | 1927 | 1272 | 582 53

* The total dry weight of the control on June 20 was 1.67 g (leaf laminae 0,35 stem 1.02,
chaff 0.15 grain 0.14 per plant); on July 6 the total weight of the control in the greenhouse was
2.29 g (leaf laminae -0.25, stem 1.04, chaff -0.16, grain 0.84). The final dry weight of the grair:
was 1.45 g.

** Including the rachis.

*** These data represent mainly the activity of the rachis.

The average amount of carbon ussimilated by the controls during
the first an the second week was similar. After the first seven days
about 77% of this amount was translocated to the grain. In the vegeta-
tive organs 19% could be found (in leaf laminae barely 3%). After
the subsequent week the content of photosynthates in the grain increased
more than twice constituting just about 84% of their total amount
in plants at that time. As average for the two week period the
contribution of vegetative organs to the total CO, assimilation accounted
— according to the results of treat. II (ear shaded) — for 66%, the
contribution of the ear — according to treat. III (ear only exposed to
light) — for 30%. Thus the contribution of the vegetative parts would
oscillate between 66—70% and of awns and glumes between 30—34%
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(the standard error is less than 3%). However during the first week only
— according to analogous calculations — the contribution of vegetative
parts would amount to 74—80% and that of the ear to 20—26%. These
results — similar to the results of exper. 1961 — clearly indicate
that with ageing of the leaves the relative role of green parts of the
ear increases.

The contribution of vegetative organs to the accumulation of products
of current photosynthesis in the grain for the whole period under
investigation would account for 65—70%. The remaining amount would
be due to assimilates formed in the ear itself. It should be stressed
that the results of the first week are from this point of view rather
divergent. So the contribution of the ear to the accumulation of 14 C —
assimilates in the grain at that time according to treat. III would
amount to 30%, but according to treat. II barely to 14% of their
total content. However the radioactivity of the stem in the latter
treatment indicates that the translocation of photosynthates from this part
was markedly greater than in the control. Taken this into account the
magnitude of the ear contribution would be about 23 % instead of 14%.

In the reported experiment — in contrast to the experiment in the
greenhouse (in 1960) — it was hard to find a clear reaction of plants
to the shading treatment (which lasted for a long time!), a reaction,
which would have been revealed in an increased rate of photosynthesis in
organs exposed to light. It is possible that the lack of this reaction was due
to the accelerated ageing of barley under the conditions of the chamber.

DISCUSSION

The above reported results of the experiment 1961 under greenhouse
conditions are very similar to those obtained in the experiment with
the same variety of barley carried out at Pulawy. The similarity
is revealed partly by the weight increment of the plants, which
during the first approximately 10 days after heading (when at least
2—3 leaves on each shoot were still green) was higher than during
the subsequent 15—25 days. The standard error is rather high in
comparison to the magnitude of the weight increment within particular
five day periods, so it is difficult to determine to what degree these
increments were diminishing with ageing of the plants. Thorne
(1960, 1961) investigating barley under constant conditions found that
the rate of net assimilation (per unit of green leaf area) with ageing
of the plants was diminishing weekly by about 15%. Under uncontroled
conditions the magnitude of the weight increment is obviously a resultant
of the influence of the physiological state of the plant as well as of the
influence of external factors. The latter can act in plus or in minus.
Therefore also the experiments with ¢ C carried out at five day inter-
vals did not give the possibility of determining the changes in the
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rate of photosynthesis with ageing of the investigated barley variety.
It seems, however, that the assimilating capacity of plants at the
milk stage of their grain (exper. III) was greater than would have
resulted from the weight increase at that time (between June 22 and 27).
For in this period — in contrast to the following one — the total
increment was minimal, statistically even insignificant. This can be
due to the relatively great losses of organic compounds at the milk
stage, losses due to respiration mainly of the developing kernels
(Grzesiuk 1961 a, b).

The behaviour of plants deprived of the tiller, which indicate the
possibility of translocation of photosynthates in the control from this
shoot to the main one in the later period of grain filling, is worth
noticing. Thorne (1962) points to the possible occurrence of this
phenomenon in barley. But her remarks concern tillers, which did not
bear ears and which died early after the ears of other shoots had
emerged. In our experiments this was not the case. The problem of
translocation of assimilates from one shoot to another demands more
detailed investigations, the more so because Terentiew and
Cariewa (1959) observed in barley a reverse direction of movement,
i. e. from the main shoot to the tillers.

When the role of investigated plant parts in the total CO, assimi-
lation is estimated on the basis of the results obtained one has to
take account of some additional errors, which could have been caused by
the treatments applied. The first one is the possible increased rate
of photosynthesis in organs exposed to light during a dozen or so
hours immediately after shading or removal of appropriate plant
parts. It seems, however, that these recompensation processes could
have played a certain role during the first 10 days of investigations.
In the later period, when the leaf laminae and sheaths were gradually
turning yellow, they were in all probability of litle significance. Therefore
in the first period, the period of the greatest dry matter increase,
the role of the leaf laminae in the total CO, assimilation could have
been higher (and the role of ears perhaps slightly lower) than the
data obtained seemed to indicate.

There is, however, another source of errors, which could have
influenced the results, i. e. differences between particular investigated
treatments in the degree of participation of #C — assimilates in
respiration. E. g. the degree of utilisation of *C — assimilates in
respiration in stems and ears of plants deprived of leaf laminae —

% Even if assumed that the increased — as compared with the normal — CoO,
concentration in the chamber did not influence the photosynthesis rate in parti-
cular organs to a different degree; it has to be wverified.

+* The influence of carboxylation processes, which might have occurred in the
shaded organs — as the results show — was insignificant.
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if the rate of this process was not lowered — could have been
relatively higher than in analogous organs of the controls. The same
stricture concerns the ears of plants whose all vegetative parts were
shaded. The resulting error, however, does not seem to be great, if one
takes into account that a barley ear (including the grain), i. e. the
plant part, which respires perhaps most intensely, produced at night
within the period from its emergence to full maturity — according
to Porter and others (1950) — a total amount of CO,, which
constituted only 10% of the amount of CO, assimilated (true photo-
synthesis) by awns and glumes in the daytime during that period.

As it was mentioned above the CO, assimilation calculated from
the plant radioactivity in exper. 1961 was nearer the value of the
true than the net assimilation. On the other hand the data obtained
from exper. 1960 — taking into account the much longer exposure to
labelled carbon — are nearer the value of the net assimilation. The
physiological state of plants investigated in 1960 was similar to the
state of plants investigated in 1961 within the period between the 5th
and 20th day after full ear emergence.

The contribytion of all vegetative parts of these plants to the total
content of #C — assimilates accounted for 66—70% and the contri-
bution of the ear for 30—34%. These values are very similar to
those obtained in exper. 1961. The results from the experiments with
"C in both years clearly indicate a significantly greater role of the
vegetative parts of barley within the investigated period of its develop-
ment than it would seem from the data obtained in the experiment
without application of labelled carbon (part I).

However it should be borne in mind that the estimations of the
role of particular organs in CO, assimilation within the period from
ear emergence to full maturity of barley plants are approximate. For
they may undergo some changes especially under field conditions
depending partly on the rate of ageing of the leaves and also on the
intensity of the light, to which particular organs are exposed. It is
worth stressing in this connection that: 1) the number of completely
green leaves on each shoot of barley, sampled in the field in 1962
(part I) immediately after heading, and the rate, at which they were
yellowing, did not differ significantly from that observed in pot
cultures; 2) under field conditions the most privileged plant part with
respect to the illumination is the ear, and the lower parts may often
be exposed to light intensities below the point of saturation (Stalfeld
1960). On the other hand in our experiments the light intensities, to

* It should be added, that in fact the dry weight (and green area) of
vegetative parts of the main shoot in 1960 was higher than that in 1961, but the
ageing process proceeded quicker.
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which particular plant organs were exposed, were rather similar.
However, there is no doubt that the character of the changes in the role
of particular green organs in the CO, assimilation, observed after
heading in barley plants grown in pots will be similar also under field
conditions. For the differences between various green parts in the
rate of ageing are in both cases similar (leaf laminae ) sheaths and
stem ) ear).

The data from exper. 1961 concerning the translocation of assimi-
lates — as was mentioned above — gave only limited informations
about the contribution of particular plant parts to the accumulation
of photosynthates in the grain. For it can be assumed that at least
a proportion of C — assimilates remaining after 24 hours in green
organs, especially in the stems* can be translocated afterwards to the
grain. On the other hand the possibility of utilisation of a certain
amount of assimilates, just accumulated in the kernels, in respiration
in the later period is also to be taken into account.

The relative magnitude of the daily accumulation of photosynthates
in the grain — expressed as percentage of their total content in the
control plants — was increasing significantly in the course of the
investigations. This, it seems, resulted mainly from the changes in the
physiological state of the mother-plant and of the kernels. It is hard to
assume that the differences in temperature in the plexiglass chamber
between particular experiments could have played an important role
in this phenomenon. For a number of facts indicate that there was
no clear relationship between the translocation of photosynthates to
the grain — found after 24 hours — and the temperature (an analogous
relative rate of translocation from green parts of the ears in all
experiments, a similar relative accumulation of photosynthates in
the grain in exper. IIl and IV in spite of differences in temperaturc
ete.). The comparatively small degree of translocation of 14C — assimila-
tes to the grain at the first stage of filling (exper. I 1961) is also
confirmed by the relatively small weight increase of the grain of
plants under greenhouse conditions at that time.

The mean contribution of photosynthates from the green parts
of the ear accounted about 50% of the total amount daily accumulating
in the grain. According to the results of exper. 1960 the contribution
of the ear itself to the accumulation c¢f products of current photosynthe-
sis within a two week period would account for 33—35%, the remaining
proportion would be due to the assimilating activity of the vegetative
organs. This value is very similar to the value given by Porter and

* The transient accumulation of assimilates in these plant parts, revealed
by their weight increase in the first period after heading, was confirmed also
by the results of exper. I with C.



550 H. Birecka, J. Skupinska

others (1950) for the contribution of the green parts of the ear of a two
rowed barley variety to the total amount of organic compounds accumu-
lated in the grain at full maturity. It should be remember, however,
that in exper. 1960 the ageing process of the vegetative organs proce-
eded quicker than under normal conditions. This could have influenced
the obtained results.

It is worth noticing that even in a period of intense accumulatica
of organic matter in the grain above 15% of the total content of
assimilates, found in the plants after two weeks exposure to “C — CO,,
remained in their green parts, mainly in stems. This indicate that it
would be purposeful to examine — under conditions more approaching
the normal ones — what proportions of assimilates formed at various
stages after heading are in fact translocated to the grain and remain
in it till full maturity.

CONCLUSIONS

Among the results obtained from the reported, preliminary experi-
ments the following are worth noting:

1. The dry weight increase of spring barley plants var. , Browarny
PZHR” (grown in pots) within the period from ear emergence to matu-
rity amounted to about 40 % of their final weight; the increment during
the first 10 days after heading was even higher than that after the
following 15—25 days. At the milk stage of the grain, when the total
weight increase was minimal, the photosynthetic capacity of the plants
was still relatively high. The grain yield at full maturity corresponded
to the size of the total plant increment.

2. Within the first 10 days after heading the main shoot of plants
deprived of the tiller — after 24 hours exposure to #*C — labelled CO;
in a plexiglass chamber — did not differ as regards its radioactivity
from the control one. Within the later period its radioactivity was
less as compared to the control. This latter fact indicates a possible
translocation of assimilates from the tiller to the main shoot.

3. The contribution of particular green parts to the total amount
of carbon assimilated by the plant within the period under investigation
was changing markedly; at the first period after heading the contri-
bution of leaf laminae was the greatest amounting to 45%, in the later
period it was gradually diminishing, accounting between the 15th and
20th day after heading for only 15%. The contribution of the stems
(including sheaths) was changing within this period from 30 to about
50%; the contribution of the ear from 25 to about 35%. At the end
of growth, when the assimilating capacity of the plants was wery
small, almost all the assimilated carbon was due to ear activity only.

4. At all investigated stages the translocation of photosynthates
from leaf laminae and from green parts of the ears was relatively
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rapid. During 24 hours about 80% of carbon assimilated by these parts
in daytime was translocated, the assimilates from leaf laminae to the
stem and grain, from awns and glumes to the grain only.

5. The daily accumulation of photosynthates in the grain was
different at particular stages of its development. In the first week
after heading 1t accounted for about 37%, in the later stages for 50
to 63% of the total amount of carbon daily assimilated by the plant.
An average of about half of the amount accumulating in the grain
derived from the green parts of the ear.

6. After a two-week exposure to C-labelled CO, 85% of assimilates
accumulated in the plant could be found in the grain; about one third
of this amount derived from the ear itself.

The authors are greatly indebted to Mrs B. Cmakowska for her help
in the analysis of plant material.
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STRESZCZENIE

W roku 1961 przeprowadzono doswiadczenia wazonowe z jeczmieniem jarym
odm. PZHR Browarny. Badano przyrost suchej masy w okresie od wykloszenia
do dojrzalo$ci. Sprzetu dokonywano siedmiokrotnie przewaznie w odstepach
piecicdniowych. W polowie kazdego okresu czes$é roslin umieszczano na dobe
w kamerze z pleksiglasu, do ktorej wprowadzono znakowany "“C dwutlenek wegla.
Uwzgledniono nastepujace kombinacje: 1. roéliny kontrolne, 2. pozbawione pedu
bocznego, 3. pozbawione blaszek lisciowych, 4. pozbawione oéci, 5. pozbawione
kloséw, 6. rosliny z klosami zaciemnionymi, 7. ro$liny z wszystkimi organami
wegetatywnymi zaciemnionymi. W oméwieniu badan uwzgledniono wyniki do-
dwiadczenia przeprowadzonego w 1960 r., w ktérym umieszezano rosliny w atmo-
sferze zawierajace] znakowany CO, na okres dwoch tygodni.

Uzyskane wyniki pozwalajg stwierdzié, ze:

1. Przyrost suchej masy roslin w okresie od wykloszenia do dojrzalosci
wynosil okoto 40% ich koncowego plonu; przyrost w ciagu pierwszych 10 dui
po wykloszeniu byl nawet wiekszy niz w ciggu nastepnych 15—25 dni. W fazie
mlecznej dojrzaloéci, kiedy przyrost ogoélny byl minimalny, zdolnos¢ fotosynte-
tyezna roélin byla jeszeze stosunkowo duza. Wysokos§é plonu ziarna odpowiadala
wielkosci ogoélnego przyrostu masy roslin.

2. W okresie pierwszych 10 dni po wykloszeniu radioaktywnos¢ pedu glow-
nego roslin pozbawionych pedu bocznego — po 24 godzinach ekspozycji na
znakowsny CO, — nie réznila si¢ od aktywnosci stwierdzonej w kontroli. W p6z-
niejszym okresie aktywnoé¢ pedu gléwnego analogicznych roslin byla nizsza
w poréownaniu z kontrola. Ten fakt wskazuje na ewentualne przemieszczanie
sie asymilatow z pedu bocznego do gléwnego w okresie intensywnego wypelniania
sie ziarna.

3. Udzial poszczegbélnych organéw rodlin w ogoélnej asymilacji CO, ulegal
zmianom w badanych fazach: w pierwszym okresie po wykloszeniu udzial blaszek
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lisfciowych byl najwiekszy, wynoszac okolo 45%, w okresie poZniejszym ulega?
stopniowemu zmniejszeniu i miedzy 15 a 20 dniem po wykloszeniu wynosil tylko
okoto 15%. Udzial zdzbla wraz z pochwami wzrastal od okolo 30 do 50%;
udzial za$§ kiosa od 25 do 35%. Pod koniec wegetacji, kiedy aktywno§é fotosynte-
tyczna ro$liny byla bardzo mala, prawie cala ilo§é zasymilowanego CO, przy-
padala juz tylko na klos.

4. We wszystkich badanych fazach przemieszezanie asymilatéw z blaszek
liSciowych i zielonych cze$ci klosa bylo stosunkowo bardzo intensywne. W ciggu
24 godzin okolo 80% zasymilowanego przez te organy wegla uleglo przemieszcze-
niu, z blaszek lisciowych do Zdzbla i ziarna, z oSci i plew tylko do ziarna.

5. Wzgledna akumulacja asymilatow w ciggu doby w ziarnie byla roéina
w poszczegllnych fazach jego wypelniania. W pierwszym tygodniu po wyklo-
szeniu wynosila okolo 37%, w poéZniejszych fazach 50 do 63% ogélnej ilosci
produktéw fotosyntezy stwierdzonej w roSlinach po uplywie doby. Przecietnie
okolo polowa iloSci tych zwigzkéw pochodzila z zielonych czeéci klosa.

6. Po uplywie dwoéch tygodni ekspozycji na znakowany CO, w ziarnie
stwierdzono okolo 84% nagromadzonych w roflinie asymilatéw, z tej ilosci
okolo jedna trzecia pochodzila z zielonych cze$ci klosa.

Katedra Fizjologii Roslin SGGW
Fracownia Fizjologii Roslin Instytutu Uprawy,
Nawozenia i Gleboznawstwa
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