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Photosynthetic activity and productivity before and after
heading in oats

H. BIRECKA, U. WOJCIESKA

In previous investigation spring wheat (Birecka, Dakic-W1lod-
kowska 1966) and barley (Birecka, Skupinska, Bernstein
1967) grown under the same conditions showed significant differences in
the contribution of individual green organs to the total photosynthetic
activity at various development stages and in the reaction to a higher
dose of mitrogen applied at shooting as regards ageing process of the
main shoot, rate of photosynthesis, but especially the final accumulation
of assimilates formed after heading. Differences were also found in the
contribution of carbon fixed before ear emergence ito the organic matter
accumulated in kernels at ripeness.

In the reported two-year experiments carried out at Pulawy (Institute
of Soil Science and Plant Cultivation) under greenhouse conditions,
changes in the role of individual green organs in photosynthesis with
ageing, as well as the distribution of assimilates in the period from their
formation to ripeness were followed in oat plants.

In experiment I (1963) three varieties were investigated: ‘Udycz
Z6tty’, ‘Blenda’ and a crossbred obtained by crossing Avena bisantina
with Avena sativa var. ‘Heines’ and denoted below as ‘Avena B/H. In
experiment II (1964) only var. ‘Udycz Zélty’ was used.

METHODS

Experiment I — Full sprouting of plants was observed on
April 18, beginning of tillering and shooting was noted in all varieties
after 14 and 35 days, respectively. The plants were thinned gradually to
11 per pot; the total amount of nutrients added to 'the 8 kg soil-sand
mixture was: N — 0.7, P,Os — 0.6 and K;,0 — 0.8 g. On the 39" day of
growth the plants of each variety were divided into two groups: the
first was given 0.2, the second — 0.7 g N per pot. Heading in all
varieties was observed between the 53 and 57 day (with a delay of
one day at high N level). Full ripeness was noted in all plants on the 91
day after sprouting.

Experimemt II. Sprouting occurred on April 18—I19, beginning
of tillering and shooting after 11 and 31 days, respectively. The plants
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were thinned to 8 per pot; the total amount of mutrients added was:
N — 0.8, Py05 — 0.8 and K;0 — 1.2 g. On the 35 day of growth they
were divided into two groups and treated similarly as in expt. I. In all
plants heading of the main shoot was moted between the 54" and 56" day
of growth and that of the tiller two days later. Ripening was observed
on the 90! day after sprouting.

It should be added that in both experiments the period, within which
the leaves turned yellow, was rather short and fell still to the milk
stage of kernels (soon after the 70" day of growth).

Table 1
Conditions, under which plants were kept in the plexiglass box
Initial £t hou af famg = - :mmilhwd-w
nitia i cent of total activity
Ex Age of plants CO, concen- (CY St st Scikleioiia applied
posure ¢
et ey 'A B/H’ and "Udycz  |’Avena BJH’
19 » » vena ¥ vena
wLs Udyer Zsky *Blenda’ Zolty' |and 'Blenda’
Experiment 19631) — I
1 50 F 0.08 29—32; sunny | 27—30; sunny 82 73
1I 60 0.08 20—21; var, 23—26; var. 61 72
cloud. cloud.
| 70 0.068 27—-30; ,, 30—34; sunny 75 77
v 79 ‘ 0.033 26—30; sunny | 26—31; sunny 22 24
Experiment 19641) —II
1| 47 0.10 25—-27; sunny ! | 78
Im | 53 0.10 31—-32; ,, | 84
LI G 60 0.10 18—20; cloudy 41
v 67 0.06 24—26; var. 78
f cloud.
vV | m 0.04 28—30; sunny ‘ 7

1) Beginning of exposures to 1*C — labelled CO,in 1963: at 115 p. m. — 'Udycz Z6lty’ and at about 2% p. m. "Avena
B/H’ and 'Blenda’; in 1964 — at 10a.m.

In both experiments the plants were sampled several times at
various intervals, beginning from the 44"—45'% day after sprouting, for
dry matter determination, and in the middle of each period between
samplings they were exposed in a plexiglass box out-of-doors to 4C-la-
belled CO, for about 20—30 min.*, (plants var. ‘Blenda’ and ‘Avena B/H’
grown on high N level excepted). In table 1 the conditions, under which
the plants were kept in the box, are listed. The labelled plants were

* In addition, in expt. I some plants var, “‘Udycz Z6My’ with the flag leaf of the
main shoot shaded or with tillers shaded (at high N flevel) were introduced into
the box; the covers were removed immediately after exposure.
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sampled at various intervals after exposure similarly as in experiments
with barley. On the day of exposure samples of green organs for
chlorophyll content determination were collected.

All technical procedures applied were the same as in previous
investigation on spring wheat. The number of replicates was: for dry
matter determination — 4 pots, for chlorophyll and radioactivity deter-
mination — 2 X 2 and 3 X 2 plants, respectively.

RESULTS

In spite of the fact that in experiment II with ‘Udycz Zélty’ in the
control the nitrogen supply per plant was better than in experiment I,
in both vears the total final weight as well as the grain yield of the main

Table 2

Weight of oats *Udycz Zélty’l) — g d. m. per plant

gk [ Low nitrogen dose . High nit.rﬁt?Lgen dose
plants main shoot fertile tillers main shoot fertile tillers
d
o total grain only®) total | grain only®) total ts:ain only?) total grain only?)
Experiment I
45 | 241 | 004 — —_— 2.35 0.06 0.12
55 | 4.16 0.47 — —- 4.33 0.55 0.33
65 | 5.55 1.18 = — 5.90 1.36 0.70
75 | 6.66 2.59 — — 7.40 3.36 0.68 0.13
83 | 722 325 | - — 8.28 4.08 0.88 0.22
91 | 719 3.42 . - 8.06 | 4.00* 0.75 0.22
- Experiment IT
4 | 200 | o003 0.30 1.87 0.02 0.64
51 | 3.60 0.27 0.70 0.04 3.58 0.20 1.24 0.02
57 | 4.52 | 059 1.02 0.08 4.79 0.67 1.58 0.15
63 ! 5.78 1.31 1.51 0.27 6.24 1.33 2.65 .i 0.51
72 | 6.80 2,75 222 0.81 7.86 3.32 330 | 1.30
81 | 698 3.10 2.05 0.90 8.20 392 298 | 1.26
9 | 712 3.32 1.973) 0.88 8.44 4.10%) 2713) | 1.24

1) In expt. I (low N dose) the weight of sterile tillers was 0.09—0.13 g, they died after heading. In expt. 1I on both N
levels their weight varied between 0.29 and 0.39 g; the number of fertile tillers in both treatments was about 0.9,

%) Number of kernels in the main shoot in expt. I: low N—119, high N dose — 137, in expt. II—121 and 143, respec-
tively; in tillers (expt. II) 45 and 60.

%) Weight of the culm: low N—0.46, high N dose — 0.67 g.

* Differences depending on N dose statistically significant (p = 0,05).

shoot were similar (Table 2). Some differences in the weight of individual
parts could be observed, i.e. in expt. II the weight of the culm (without
sheaths) was somewhat lower and that of the laminae, sheaths and
panicle somewhat higher than in expt. I (Fig. 1); differences in chlorophyll
(Tabs. 3 and 4) as well as mitrogen content (Table 5) were not great. The
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Fig. 1. Dry weight 1) of particular plant parts of ,Udycz Zoity’
1) In expt. I weight of sheaths varied between 0.91 (55th day) and 0.82 g (at ripeness).

better nitrogen supply * in control plants influenced mainly the growth
of tillers.

The higher nitrogen dose applied at shooting brought about wvery
rapidly an increase in N content in the plants. In both experiments the
greatest differences in this respect between treatments occurred already
about 10 days after N application. Very marked differences in chlorophyll
content in leaves were also manifested. In the later period the plants
at higher N level — as compared to the controls — contained almost
twice as much more chlorophyll. In the main shoot the total lamina area
was not greatly affected (Table 6). However, after heading the green
area of laminae was under larger N supply significantly larger; in both
experiments the weight of leaves was somewhat higher than in the
control. Greater differences were observed in the weight of the panicle
as well as in the weight of the culm at later development stages; in
control plants the decrease in dry matter of the culm after 63—65 days
of growth till ripeness was significant, whereas at high N level changes
in its weight in this period were very small.

* And perhaps some other favourable growth factors.
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At ripeness the greater weight of the main shoot due to better N
supply was revealed in both experiments not only in the higher culm
weight but also in the greater, of about 20 per cent, yield (and number)
of kernels. However, the relative strongest reaction to N applied at
shooting was manifested by the fertile tiller; this is seen in the weight

Table 3

Chlorophyll content in oats — mg per plant
Experiment I

| “ "Udyez 2oty | Avemamm | "Blenda’
Plant partst) | low N dose ] high :l\_ljc_se_ l low_IfI dose
age of plants — days
50|60 [ 70| 5| 50|60 |70|7|50]|6|70]|7m|5s0]e0]70]7
M. shoot | | i i ' : [ i
— — ! | | I | 1 |
laminae A ! i
1st 0.8 0.8 0.8 1.2 13] 1.0 1.0/ 1107 091005
2na 16| 1.7]12 232319 1.8/1209 20| 1.7] 1.1
3 1.8/ 13|05 242213 1.8/1.0]04 20/ 1.5/08
4tn 1.8 1.2] tr. 23| 17|05 1.6 0.6 | 0.1 21| 1103
st 1.5 07| — 20| 13| — 0903 — 17| 07| —
rem. (ESH] o= | 1.7] 04| — 05| — | — 14| 02] —
it st R R €l oo Ml SR Lo Ml Rl S v oo el SR
total 88| 57|25| — |11.9] 92| 47|02 76|42]| 21| — |101]62]|27| —
N B I | ] | |
sheaths | ! ‘ ||
18t 07(12/10/02|13 20|1.8/04|081.0/08|02| 08| 1.0 05|02
2nd 04105103 tr. | 0.8/ 08] 06| 0.1|03/02]02| 010404 04]tr,
3ra 02{03|01  —|04|04[03]|tr.|02]/01|01]—|02([01|02|—
4t 01/01/01|—]02|02]|02| —102/01]|01|—]02]/02/01]|—
rem. 0301 |tr. | —|04]02|tr.| —]02]{01]|tr.| —]|04]02]01]—
total \1.7}2.2 1.5[0.2|3.1]3.6]29]/05|17|15|12/03|20|19]13]0.2
internodes 1
1st tr. [0.1/03]01|tr.|03]/05/02]¢tr.]02]03/01]|¢tr.]|02 04]0.1
2nd io.l 03|01 tr. |02]04/02/01[01]/01]01]¢t.|01]01]01]tr.
3rd | 01102101 — 0103 01| —|01{01]01|—|01|0.1]01]|—
rem. 01|03 |tr. | —|02[/03]01| —]o01|02]|¢t.|—]01]02]01]—
total 103/09/05]01]05]13]09]|03|03]0.6 o.s\o.x 03] 0.6 0.7 0.1
rachis 10303 0.1 0.5] 0.4/ 0.1 020302 03,02 0.1
glumes 03 1.2/1.0(03(10.5| 1.6 1.9/ 0.7 |{0.6(0.9 | 0.7 0.6 (}0.5] 1.0 1.1 | 0.5
kernels | 0.8] 08|04 10| 1.0{ 03 0.6 0.7 |04 0.6/0.7 | 0.3
total 11.1[11.1| 6.6 | 1.1 |16.0(17.2 (11.8 | 2.1 [10.2 | 8.0 | 5.5 | 1.6 [12.910.6 | 6.7 | 1.2
tillers 09|03 —| —|08]33|13|13]|09]|01| —|—1{07]|01] —] —

1) M. shoot — main shoot; 1st — uppermost.
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Table 4
Chlorophyll content in oats *Udycz Zélty’ — mg per plant
Experiment 1I
Low nitrogen dose | High nitrogen dose
age of plants — days
Plant parts = ; S
471 | 60 | 471 : 60
| -
oM | T Y | T i M | 1 | M T
laminae I
1st 1.1 (2.6) ! 0.3(2.3) 0.8 0.3 1.2(2.5) | 04(2.2) 1.6 0.7
2nd 23(2.8)| 09(2.6) 1.7 0.8 3.1(26)| 1.5(6) 29 1.7
3ra 2.6(2.5) | 1.2(2.5 1.7 1.0 | 34024 1.6(25 23 1.6
4th 24(22)| 1.2(24) 1.3 0.7 29(23)| 1424 2.0 1.1
5th 1.5(22)| 1.224 0.8 0.2 22(23)| 1.3(2.3) 1.6 0.6
6th 0.7(2.1) | 0.5(2.1) 0.1 - 1.6(2.2) | 0.6(2.2) 0.2 0.3
Tth 0.1(1.6)| 0.1 — 0.8(2.2)| 0322 -
total 10.7 5.4 6.4 3.0 15.2 71 10.6 6.0
sheaths 1321 04(2.2) ] =7 0.7 222.2)| 063 29 1.9
culm 03(1.6) | 0.2(1.5) 0.5 0.3 04(1.7) | 0.2(1.6) 0.8 0.4
panicle | 0.1(1.4) i 1.3 0.6 0.2(1.4) 1.8 1.1
kernels | | 0.6 0.1 0.7 0.1
total 12.4 6.0 10.5 47 [180 79 | 168 | 95
1) M — main shoot, T —tillers; in parantheses—chlor. a: chlor. b ratio
Table 5
Total nitrogen content in oats 'Udycz Zélty’ — mg per plant
Rigs Low nitrogen dose High nitrogen dose
of plants main shoot tillers main shoot tillers
S total | grain only total | grain only total l grain only total grain only
Experiment I
45 36.6 24 582 | 34
911) 50.9 44.5 72.0 l 64.0 5.6 3.2
Experiment IT
44 34.9 I 6.0 63.0 16.3
90 59.8 50.8 16.0 13.6 83.9 71.0 24.6 20.8

1) N content in "Avena B/H': low N—40, high N dose — 59 in the main shoot and 15 mg in tillers; in 'Blenda’ —

37 and 55 mg (plus 14 mg in tillers), respectively.
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Table 6
Green lamina area of the main shoot (cm2)
Experiment I
* "Udyez 2oy’ | *Avena B/H’ | *Blenda’ -
Lami- low N dose ! high N dose?) | low N dose

nae’) age of plants — days

_“wl 60 | 70 | s0 | 60 | 70 | 50 | 60 | 70 | so | 60 | 70

b 233 | 222| 214 | 264 | 260 | 230 309 | 30.0| 28.7| 188 | 19.6 | 154
2nd | 468 | 42.6 | 42.8 | 52.0 | 47.6 | 457 52.0| 439 | 440 | 43.0| 42.6| 404
3rd | 528 | 458 | 29,7 | 540 | 502 | 50.6 | 49.3 | 43.5| 333 | 46.1 | 443 | 442

4 | 565| 476 — | 551 | 47.1| 300 | 46.7| 43.0 7.0 | 51.5| 41.1 | 33.8
5t 544 | 376 | — 547 396 — 363 | 268 | — 501 | 287 | —
6th | 414 | ftr. —_ 40.0 | 132 | — 20| — — 31.5| 125 | —
T 205 — — 201 | — — — - — 230 — —_

ota 295.7 | 195.8 | 93.9 |302.3 | 223.7 | 149.3 | 237.2 | 187.2 | 113.0 | 264.0 | 188.8 | 133.8

1) First lamina = the uppermost one.
) On the 78th day the total green lamina area accounted for about 16 cm?.

as well as in mitrogen and chlorophyll content of its particular green
parts.

The two other oat varieties investigated in expt.I showed some
differences as compared to ‘Udycz Zoltty’. The differences were revealed
partly in the surface area of the uppermost leaf as well as of the lowest
ones. The total green lamina area significantly lower before heading
than in ‘Udycz Zotty’, at the end of milk stage of kernels was in both
varieties higher than in the former; this was due mainly to the delayed
senescence of lower leaves. The differences in green lamina area between
varieties were reflected also in chlorophyll content in the investigated
plants.

The weight increments of the main shoot in ‘Blenda’ till the 75" day
of growth were higher than in ‘Avena B/H’ (Table 7). However, its final
total-weight, culm weight, as well as the grain yield in both of them were
gimilar, but lower than in ‘Udycz Zoity’ (by about 10—15 per cent);
the number of kernels was also lower than in the latter. In contrast to
‘Udycz Zolty’ the better N supply at shooting did not cause any marked
weight increase of the main shoot either in ‘Blenda’ or in ‘Avena B/H’.
The differences observed between treatments in the number of kernels
and in their weight are mot statistically significant. On the other hand
the tillers of ‘Avena B/H’ and ‘Blenda’ reacted to mitrogen much stronger
than those of ‘Udycz Zoélty’. It is worth moting that in all varieties
a better N supply enhancing the growth of tillers suppressed transiently
soon after its application the growth of the main shoot culm.
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The data concerning plant radiocactivity immediately after each expo-
sure (Table 8) cannot serve as indices of changes in plant photesynthetic
activity with ageing. In both experiments differences in light intensity
and temperature influenced this process to such an extent that in some
cases older plants exposed even to lower COy concentration but under
better weather conditions exhibited higher photosynthetic activity than
plants 7—10 days earlier under worse light and temperature conditions.
Differences in these external factors seem to have influenced in expt. I

Table 9

Chlorophyll content (mg) and 14C assimilated (103 cpm) per dm?2 of green lamina in 'Avena B/H’
Experiment I

Age of plants — days
50 60 70

L —

*Avena B/H' | 'Blenda’ *Avena B/H' 'Blenda’ * Avena B/H' |

'Blenda’

|

chlor. ! 4C | chlor. | Uc | chlor, ! UC | chlor. | uC | chlor. | 1C | chior. ] Uc
1%t 4.5 233 5.0 335 3.6 i 267 5.0 342 2.4 302 ] 3.0 332
20d 3.6 231 4.7 302 27 255 3.7 333 20 300 27 | 340
3rd 35 215 = 258 22 216 | 3.6 248 1.1 216 2

4t 3.5 174 4.1 167 1.4 116 2.7 144 0.9 140 1
St 2.7 160 34 144 1.0 33 2.31) — —
6t 2.2 144 3.11) — 1.3 — -

1) Radioactivity of this lamina was determined together with that of the lowest one.

also photosynthesis in ‘Udycz Zoélty’ and ‘Avena B/H’ placed together
with ‘Blenda’ in the box on the same day, but an hour later. These twio
latter varieties at each stage under investigation did not behave similarly
as regards COy assimilation. The higher total photosynthetic activity of
‘Blenda’ (the last stage excepted) was due mainly to the higher activity
of its leaves; it should be added that the rate of photosynthesis per area
unit was in this variety significantly greater than in ‘Avena B/H’,
especially in laminae of higher insertion order (Table 9). It is true that
the chlorophyll content per area unit was also greater in ‘Blenda’,
however, the differences in CO, fixation do not seem to be closely related
to the observed differences in chlorophyll content. The contribution of
laminae to the total photosynthetic activity before heading accounted in
both varieties for more than 70 per cent, in the later stages it diminished,
but more rapidly in ‘Avena B/H’ than in ‘Blenda’ (Fig. 2). In both of them
the contribution of sheaths varied between 18 and 22 (with the domina-
ting role of the uppermost one) and that of the culm (the uppermost
internode also dominating) changed after heading from 7 to 12 per cent.
Taking account of some C translocation during exposure the values
concerning the culm perhaps even somewhat overestimate its role. The
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'Avena B/H' "Blenda '
100 I 100 1
d
v A i 2 = ¥ B
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ot - L L ot LU L)
70 91 79 91-Days=" 50 9 60 91 70 91 79 91
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B ceminae ] sheaths calmr® ¢~ E Ear (] 6rain

ig. 2. Radioactivity of the main shoot of ’Avena B/H’ and "Blenda’ immediately after exposure
and at ripeness (total shoot activity immediately after exposure — 100%)

Experiment I

contribution of the panicle including kernels ranged from 22 to 30 per
cent for a long time, being somewhat lower in ‘Blenda’; afterwards it
increased rapidly amounting on the 79" day in both varieties to
about 70 per cent. The control plants var. ‘Udycz Zolty’ give a similar
picture as regards changes with time in the contribution of particular
green parts to the total shoot photosynthetic activity (Fig. 3). The data
obtained (Table 10) clearly show that before heading as well as soon
after anthesis (60" day) the photosynthetic activity of the flag leaf lamina
was smaller than that of the two lower ones, but the activity of its
sheath was the highest. The contribution of the uppermost leaf including
the corresponding internode was increasing during the whole period
under investigation, but did not exceed markedly 30 per cent of the
total photosynthetic activity (in ‘Blenda™ it did not exceed even 20 per
cent).

The contribution of lower laminae did not correspond to their
contribution to the total green area. The lower was their insertion order
the lower was the photosynthesis rate per area unit (Table 11); only the
second lamina did not show differences in comparison with the uppermost
one (the later development stages excepted)*. It is worth noting that

* In ‘Avena B/H’ and ‘Blenda’ no differences between the two uppermost
laminae were found even on the 70ih day of growth.
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Table 10

Contribution of particular green parts to the total photosynthetic activity of the main shoot (%)
Experiment I

age of plants — days

i "Udycz Zolty’ | rAvena B’ || /Bienda’
|
|

o | 6 | 7 | 79 50|60 |70 | 506 |70

nitrogen dose

low | high | low | high| low | high | low | high || Tow
total | 100 | 100 | 100 | 100 | 100 | 100 | 103 | 100 || 100 | 100 | 100 | 100 | 100 | 100

paniclel) | 2| 18| 32| 27| 66/ 55 2| 30| 21| 25
1%t leaf |
lamina | 10| 10| 9| 8| 13| 12| —| 7 10| 11| 12]| 9| 9| 7
sheath | 7| 7| 9| 7| 13| 12| 17| 23| 8| 1| 12| 8| 8| 7
tinn?) | —| —| 1| 1| 6| 6| 14| 1|l | 4| 6| .| 3| 6
total | 17| 17| 19| 16| 32| 30| 31| a1 || 18| 26| 30| 17| 20| 20
2nd Jeaf ' | ' ?

lamina 20 19]| 17 :. 15| 16 | 16

= 1
sheath | 5| 4/ 4| 3| 5| 4| 1| 1f 5| 3| 8} 5| 5| 6
2vdintn, | 1| 1| 1 ‘ 1 2y 2] 2/-2 = 1| 2| 1].x}f 1
total 26 | 24 ‘ 22 | 19 23| 22| 3| 4| 24| 19| 25| 20| 22| 23
— s = 2= | e, e
314 Jeaf L '
lamina | 14| 16| 13 14| 6| 12| 15| 13 9| 17| 14
sheath | 3| 4] 3| 2| 5| 3 | 4| 2| 2| 3
39intn. | 1| 1| tn| tn| 1| 1 (T 1 O | TR R
total | 18| 21| 16| 16| 12| 16 —| = 2| 16| 12) 2| 18|
o |- el I T Ml Wl | Ol i | el B MO
40 leaf | [ | I ‘
lamina | 12| 15| 12| 13| —| 5 | 3] 7| 1| 12| 8
sheath | 2( 2| 1| 1| tn| 1] 3] 2] 2 2
4mintn, | 1| 1 | tr Fin [ e | 1 1] tr 1 1
total | 15| 18 I 13 I 14| tr.| 6| —| —|| 17| 10 3| 15| 11
& I | — =

1) Including kernels, On the 79th day the contribution of the panicle was 67%—in 'Avena B/H’ and 717, —in "Blenda’
%) Radioactivity of the Ist (uppermost) internode is due mainly to its part non covered by the sheath.

the investigated in expt. I varieties differed from each other signifi-
cantly as regards changes with time in chlorophyll content per dm? in
particular leaves.

The reaction of plants var. ‘Udycz Zétty’ to the higher N dose in
photosynthesis was noted already on the 50'" day of growth, i.e. 11 days
after its application (expt. I). The increase in the total photosynthetic
activity — as indicated by the plant radioactivity — varied between 20
and 27 per cent, with the exception of the last development period, when
an increase of about 40 per cent was noted. The greater CO, fixation was
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due mainly to a higher activity of the laminae. The reaction of other
green organs, the last period excepted, in spite of an increased chlo-
rophyll content was very week. The higher photosynthetic activity of
laminae was due not only to their greater total green area, but also to
a higher rate of photosynthesis per area unit. In this respect the reaction
of individual laminae was different. The two uppermost laminae, differing
in chlorophyll content in dependence on N supply, at both levels showed
analogous rates of photosynthesis, in the case when it amounted to
about 17 (exposure I) as well as when it was about 11—I12 mg
CO,+-dm—2-h—! (exposure II).

Table 11

Chlorophyll content (mg) and 14C assimilated (103 cpm) per dm2 of green lamina in *Udycz Zoélty’
Experiment I

Age of plants — days
501) | 60Y) | 70

1 i nitrogen dose
low high j low high low high
chlor. ‘ 14Cc | chlor. 1 Uc } chlor. l 14C | chlor. l 1#C | chlor. l UC | chlor. | MC

| L 34 | 386 | 44 | 386 | 3.8 | 238 | 50 | 251 3.8 | 420 | 42 | 429
20d | 33 | 371 45 | 382 | 39 | 236 | 48 | 248 | 29 | 262 | 4.1 297
3¢ | 33 | 238 | 42 | 322 | 29 | 183 | 45 | 231 1.6 | 138 | 2.6 | 189
4 | 33 | 187 | 42 | 282 | 2.7 | 145 | 3.7 | 220 — — | 1.6 | 134
5| 27 | 149 | 3.6 | 188 1.8 79 | 3.2 | 166 — — = =
6t | 2.5 106 | 3.1 110 tr. tr. | 2.6 140 — — _ -
T 1.2 3] 22 5 — — — - — —_ — —

1) 400.103 cpm corresponded to about 18 mg CO,.dm—2h~2,

The influence of N on assimilation rates was clearly manifested in
lower laminae (the lowest ones excepted), however in all cases their
values were lower than those in the two uppermost ones.

As the higher dose of N influenced photosynthesis mainly in the
laminae, their contribution to the total shoot activity — as compared to
the controls — increased and that of other green parts, especially of the
panicle decreased.

In control plants of expt. II changes with ageing in the contribution

Fig. 4. Changes in radioactivity of shoots of 'Udycz Zélty’ after exposure to 14CO, (total shoot
activity immediately after exposure — 1009%,)
Experiment II 1)

1) For notations see fig. 2; in most cases, the first sampling excepted, laminae were analysed together with sheaths, The
bars denoted N represent plants at high N level; radioacivity of successive laminae immediately after exposure is indi-
canted by distances between white points,
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of the investigated green parts of the main shoot (Fig. 4) were similar
to those observed in expt. I. It should be, however, noted that the
contribution of the laminae was somewhat higher and that of the culm
significantly lower.

Similarly as in the first experiment the higher N dose applied at
shooting influenced photosynthesis of the main shoot very rapidly.
However, the magnitude of the increase in CO, assimilation till the 60
day of growth was lower, ranging between 12 and 14 per cent inde-
pendently of the date of exposure as well as of differences in temperature
and light intensity during exposure. On the other hand 67-days-old plants
reacted to N in photosynthesis much stronger than did 70-days-old plants
in expt. I (COy concentration, temperature and light intensity were not
very different).

The higher photosynthetic activity of the main shoot was due mainly
to a greater CO, fixation in the laminae. In the later period an increase
in this respect was observed also in the sheaths as well as in the panicle.

A much stronger reaction to N was shown by the tiller. Before heading
the increase in photosynthesis was about 30 per cent and in the later
period it reached gradually a value twofold higher than that in the
control.

In the control tiller at all stages under investigation the contribution
of the laminae was greater (changing from 83 fo 6%) and that of the
panicle smaller (changing from 12 to 52%) than that of corresponding
organs of the main shoot. The increased under N influence total photo-
synthetic activity was due, similarly as in the main shoot, to an increased
CO, fixation before heading mainly in laminae and in later stages also
in sheaths as well as in ‘the panicle.

Assimilate translocation from laminae was relatively rapid at all
investigated stages. In ‘Udycz zolty’ (expt. I) seven hours (during which
reassimilation also occurred) after exposure about 50 and overnight only
about 20—25 percent of *C was found in these organs. Five days later
the amounts of labelled carbon in laminae were similar to those found
at ripeness. The degree of translocation at higher N level was similar as
in the control.

The main acceptors of assimilates formed 3—4 days prior to heading
were the panicle as well as the culm. The amount of “C found in the
panicle in the evening of the day of exposure was even higher than in
the next morning and also higher than at ripeness (including kernels).
The assimilates formed soon after heading were directed from leaves
mainly to the culm and a great proportion of them, especially after the
65 day gradually moved from this organ to the kernels. The distribution
of the total amounts of 14C as well as of its soluble fraction in the culm
(Table 12) indicates that the second and third internodes were the main
donors in this process. Photosynthates formed in the later period were
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Table 12

Changes in radioactivity (total and ethanol — soluble fraction) in the main shoot at low nitrogen
level — per cent of total shoot activity immediately after exposure

Ti Leaves ] Internodes’) ‘ Panicle | ‘ Kernels
aflil:: | st | 2ndi3rd | rem, | total || !
Exposure | expo- radioactivity
sure — 1 T
days | total | $01u= || total | so]u—r total | solu=| (5ial solu-[ total | s01u- || total f solu- || {o¢ag | sOlu-
| | ble lble I ble ble | ble | | ble || ble
Experiment I
g wl t|3|all 2le|n | 7|s 2|16 o] |
na| sl 7f 2{ 15| st 51 249020 4 !
o 8|15 ) tlal el dias -2 sl b2l # o3l adia
LWL} sl ko2 ol agh 11T [ tr. || 10 | tr
%‘j | 112517 H12| 6|17 10|89 |7 |37} 23 ‘ o O
~mE| 5| 8| 62| 419|100 5[4 [44]|18] 3 1)2/ 6
"f%eils S5 218 210 4} 2|1 30| 7 2| 13110
%31 | 4| 2016 |tw| 7 | 1] 1 w242 | 1]t |j37] 4
— __. — — I [ — I — S
Experiment II
2 w| 4| 40|13 ; i 19| sl 17| 3
SE| 9|2 8 | ’ 20| 4/ 10| 2| 8| 2
S8l 22| 7 AEIEIRE EEN
E& 43|19 2] [18| 1| 7| g | 1
N (R I N | N S | M. | | N | S (S | N
5 | |
SE 3|15] 6 124 | 8ll16]| 2|17} 4
=g3|'10[10] 3 {20 3 (16| 221 3
2 &l37|10] 1 [18 | 1] 14| 1 ([ 22| 1
o e o o I ? L0 | IR,
5 1 .f
_SE 3] 9| 5| |3t (18| 3| 125/ 8
EE3| 12| 4| 2 ,i |18 | 3| 2|t [[34]| 6
g /3| 3| 1 ' [16 | 2 1 [t |[33] 2

1) 1st — uppermost, rem. — remaining.
%) About 4% in the 4th internode.

rapidly accumulating in the kernels. Similar phenomena in translocation
and redistribution were observed in the main shoot as well as in the tiller
of ‘the controls in expt. II.

The losses of 4C-assimilates from the aerial plant part were consi-
derable niot only during the first day after their formation but also in
the following period. In expt. I the amount of carbon assimilated some
days before heading and found finally at ripeness in the main shoot of
the control accounted for about 50 per cent of its initial value, not only in
‘Udycz Zétty’, but also in ‘Avena B/H’. Photosynthates formed after
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heading (the last period excepted) were found at ripeness in amounts not
" exceeding 60—65 per cent of their initial, in all investigated varieties*.

In expt. II the relative losses of assimilates formed in the main shoot
before heading were somewhat less. It should be added that in the tiller
the final accumulation of 4C, independently of the time of its fixation,
was significantly lower than that in the main shoot and did mot exceed
50 per cent of the initial amounts. Relatively great losses of assimilates
in the tiller were also observed in expt. I at high mitrogen level. The
tillers shaded during exposure did not show at ripeness any significant
radioactivity. It is worth noting that in expt. II the radioactivity of mew
tillers that appeared 4 days after exposure of 47-days-old plants (at
high N level) to 4COQ, accounted for about 2.10° cpm, i.e. only 2% of the
activity of sterile tillers and 0.1% of the total plant activity.

The final distribution of carbon in the main shoot as well as in the
tiller depended on the period of its assimilation. In control plants
photosynthates formed a week before heading (expt. II) and incorporated
into the leaves constituted about 40 and those in the culm 35 per cent
of their total amounts found at ripeness; however, about 15 per cent was
incorporated also into the kernels. The carbon reassimilation process
does not seem to play in this respect an important role. The relative
amounts of C assimilated 4—2 days before heading and found in the
grain accounted for 23—36 per cent (plants of ‘Avena B/H’ supplied
similar results). A great proportion of carbon assimilated in this period
was incorporated also into the culm.

The degree of accumulation of photosynthates, formed soon after
heading (strictly speaking soon after anthesis) reached in the kernels as
much as 60 and in the culm still about 30 per cent. Assimilates formed
in later development stages and found in kermels at ripeness constituted
about 90% of their final content. The grain of the tiller in all cases showed
somewhat smaller values in this respect.

It is worth noting that the final amounts of labelled photosynthates
found in the grain of the main shoot, the uppermost lamina and sheath
of which were shaded during exposure to *CO, (expt. I), were lower than
in the control. The difference in carbon fixed before heading was
about 10, in that fixed soon after heading 25 and that fixed on the
70t day of growth about 32 per cent (the contribution of the flag leaf to
total photosynthesis was at corresponding exposures 17, 18 and 26 per
cent).

» Translocation and changes in the relative content of C-assimilates in
Avena B/H as well as Blenda were similar to those observed in Udycz Z.6tty.
Therefore in Fig. 2 the distribution of 1C only at ripeness is presented. The
higher in Blenda than in Avena B/H final amounts of 14C assimilated till the
70th day of growth (Table 8) find confirmation in the higher dry weight increments
in this period.
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The final amounts of carbon in the main shoot of plants grown on
high N level were in all cases larger than those in the controls.
However, in both experiment differences in this respect were smaller
than those in the total shoot photosynthetic activity.

Better N supply had no significant influence on the accumulation in
kermels of carbon assimilated before heading; its higher amounts were
incorporated mainly into the culm and also but to a smaller degree into
the panicle. Larger amounts of assimilates formed soon after heading
were already found not only in the culm but also in the kernels.
Photosynthates formed in the later period were accumulated in greater
quantities only in the kernels.

In the fertile tiller (expt. II) at high N level the absolute losses of
carbon were also higher than those in the control, however the relative
difference between treatments in the final accumulation of photosyntha-
tes were greater than in the main shoot. In contrast to the latter the
increased accumulation of carbon assimilated before heading was mani-
fested by all parts of the tiller including kernels. It should be, however
added that the relative amounts of carbon assimilated soon after heading
and found in the kernels was somewhat lower and that in the vegetative
parts higher than in the control.

DISCUSSION

The investigated three oat varieties showed under similar conditions
of growth, significant differences in the size of the upper and the lower
leaf laminae, in changes with time in their total green area and in
chlorophyll content per dm?. Under experimental conditions ‘Avena B/H’
and ‘Blenda’ differed markedly from each other in the rate of photo-
synthesis in their laminae. The total photosynthetic activity of both
varieties at various development stages was not similar. One can hardly
compare with them the plants var. ‘Udycz Z6ity’, to which the greatest
attention was paid, because they were exposed to !4CO, separately. The
three varieties showed differences in the culm weight, in total dry matter
increments before and after heading, in the number of kernels as well
as in their final yield. It is difficult — at least on the bases of the data
obtained — to distinguish among the listed factors one, which could be
considered as mainly determining the productivity of the investigated
plants.

Oat plants as compared to previously investigated spring wheat and
barley showed the lowest rate of productive tillering; the better N supply
at shooting had no effect on it (expt. II) and caused only an increase in
growth of the existing fertile itiller. Although the three species showed
significant differences in the length of the period between heading and
ripening (or the end of weight increment) the relative increase in the
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total dry weight of the main shoot after heading in control plants was
similar, amounting to about 40—45 per cent of their final weight.

Similarly as in wheat and barley the culm in oats played partly the
role of a temporary store for assimilates, which, unless they were
incorporated into this organ, at the stage of intensive grain filling moved
to the kernels. In all these species a proportion of carbon assimilated
before heading contributed to the final accumulation of organic compo-
unds in the grain. In this respect oats plants resemble more barley than
wheat plants, which showed the relatively lowest contribution. A greater
resemblence to barley than to the latter species is manifested also in the
contribution of individual green parts to ‘the total shoot photosynthetic
activity at various development stages. Thus, the role of the uppermost
leaf including the corresponding internode was in oats significantly
smaller and that of the lower ones higher than in wheat. The differences
were 'due to a high extent to differences in the photosynthetic activity
of the lamina. The contribution of the panicle in oats, especially in the
first period after heading was greater than in wheat and resembled more
that of the barley ear. The relatively very low role in photosynthesis of
the culm of oats shoot is worth noting. The question arises, to what
extent the conditions, under which exposure to *CO, took place, influ-
enced the contribution of particular green parts at various development
stages. The great influence especially of light conditions on the total
shoot photosynthetic activity was clearly demonstrated in the experi-
ments with oats. This fact is particularly important, when differences in
the rate of photosynthesis per area unit between leaves of wvarious
insertion order are under consideration.

The highest, under experimental conditions, photosynthesis rate —
18 mg COy-dm—2-h—1, taking into account the initial CO, concentration
in the box, cannot be considered as the highest value obtainable at light
saturation point (Gaastra 1963). It is true that differences in the
photosynthesis rate between corresponding leaves of ‘Avena B/H' and
‘Blenda’ as well as between the lower laminae 'of ‘Udycz Zétty’ in
dependence on N supply under identical conditions indicate that
neither light intensity (nor temperature) was the main limiting factor, at
least in the case of control plants. However, the data obtained cannot
be considered as fully reliable indications either of the photosynthetic
capability of the upper or lower laminae, determined by their age or of
their possible photosynthetic activity under field conditions. More deta-
iled investigations under various light, temperature and CO, conditions
are necessarry in order to elucidate this problem. However, taking
account of the aforementioned facts and also the fact that 1) the contri-
bution of particular green parts at corresponding development stages
was similar in both years of experiments, 2) the character of differences
between laminae in dependence of their insertion order or N influence
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was similar in exposures following each other at close dates but signi-
ficantly differing as regards light and temperature conditions and finally
3) the highest observed photosynthesis rate did not deviate much from
that observed under natural conditions (Rabinowitch 1951, Ver-
duin 1953, Monteith 1962), the results obtained can be considered
as reflecting to a high extent photosynthesis — in relative values —
outside the box during the period under investigation.

It was shown that differences in the rate of CO, assimilation between
oat varieties can exist; maybe, these differences in the reported experi-
ments were partially due to the fact that one of the parents of ‘Avena
B/H’ belongs to a different Avena species. However, varietal differences
were observed also in spring wheat, to which such a structure does not
apply.

The data concerning photosynthesis in laminae of various insertion
order, in individual green sheaths as well as internodes show that neither
total green area and leaf area index nor the green area above the
uppermost node after heading or anthesis cannot serve as a fully satis-
fatory criterion of the plant productivity; the more so that differences
between leaves of various insertion order in the rate of photosynthesis
greatly depend, as shown, on the N status. It is worth noting that the
influence of mitrogen applied at shooting on the ageing of laminae as
well as on the photosynthesis rate in oats resembled more its influence
observed in wheat than that in barley plants. It does not seem that the
main cause of this fact is connected with differences in chlorophyll
content. The question of the reaction of various plants to N as regards
photosynthesis rate need more detailed investigations under more con-
trolled conditions.

It has been shown that in var. ‘Udycz Zdlty’ better N supply at
shooting brought about a higher by about 20°% total weight increment
of the main shoot in the period from heading to ripeness; this was
reflected mainly in the weight of the culm and grain yield (the differen-
ces in the total final *C content between treatments were also of a similar
order). In ‘Avena B/H’ and ‘Blenda’ no significant influence of N in this
respect was observed. The question whether the differences between
varieties are due to differences in the time of the differentiation * of
floral primordia, in their survival or (and) in the reaction of the tillers
or else cannot be here answered. It should be noted that in ‘Udycz
Zotty’, in contrast to the other varieties, the higher due to N yield of
kernels in the main shoot was accompanied by their greater number.
The number of kernels per shoot seems to be of importance not only as
regards varietal differences {(Bunting et all. 1964).

* This problem was discussed in detail in the previous publication (Birecka,
Skupinska. Bersntein, 1967).

7
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The differences caused by nitrogen in the contribution of photo-
synthates formed at various stages to the grain yield of the main shoot
in ‘Udycz Zo6tty’ were, similarly as in spring wheat varieties, due mainly
to carbon assimilated after anthesis.

As it was shown the relative losses of assimilates in the tiller were
always higher than those in the main shoot. It is possible that this is
due not only to a higher degree of assimilate utilisation in respiration
in the upper parts, but also to a relatively greater translocation to the
root. :

The rapid translocation of great proportions of assimilates to the
panicle even at the early stages indicate that this organ including kernels,
especially in the main shoot could be responsible in a high degree for the
losses observed. The changes with time in the content of labelled carbon
in these parts suggest that the losses in them at higher N level were
relatively greater.

There is one problem more that should be mentioned, i.e. the question
of isotope dilution and the possible errors which it could involve in the
here as well as previously reported experiments. This concerns mainly
differences in the radioactivity of plants in dependence on N supply.
The data obtained at each exposure to *CO,, which lasted only 20—
30 min either in the morning or in the afternoon, were considered as
representing the mean daily (or within a certain period of time) differen-
ces between treatments in their photosynthetic activity. If the differences
indicated by the “C content had deviated much from the true values,
the isotope dilution (by nonlabelled assimilates) would be in both
treatments different causing erroneous conclusions, especially as regards
differences in the final accumulation and distribution of photosynthates.

The photosynthetic activity of the investigated plants was not checked
by any other method than that reported here. However, in all experi-
ments the differences observed in plant radicactivity and its distribution
at ripeness and even at earlier stages find confirmations in various facts,
partly in changes and differences in the total dry weights and also in
the weights of culm as well as of grain.

Thus, it may be assumed that the differences between treatments
indicated by C at various development stages did not deviate much
from the true mean values.

SUMMARY

Three investigated oat varieties, ‘Udycz Zo6lty’, ‘Blenda’ and ‘Avena B/H’ showed
under similar conditions of growth significant differences in the size of laminae,
in changes with time in their total green area and in the chlorophyll content per
dm?. Differences in the rate of photosynthesis per green area unit were also found.
Var, ‘Udycz’ showed the highest final weight of the culm as well as the highest
number and yield of kernels.
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The contribution of individual green parts to the total photosynthetic activity
of the main shoot at various development stages in all varieties resembled more
that found in previously investigated barley than wheat plants. The contribution of
the uppermost leaf including the corresponding internode even at the later
development stage did not exceed 30 and that of the panicle ranged for a long time
after heading from 22 to 30 per cent of the total shoot activity.

In ‘Udycz Z6lty’ the higher mitrogen dose applied at shooting delayed senescence
of green organs, especially of the leaves; this was revealed in changes in their green
area after heading, in chlorophyll content as well an in the photosynthesis rate
per area unit. Leaves of various insertion order differed from each other in their
reaction to nitrogen. The higher total shoot activity was mainly due to a greater
CO, fixation in the laminae. At later stages after heading some increase in this
respect was observed also in sheaths and in the panicle. The reaction of the fertile
tiller to nitrogen was greater than that of the main shoot. Although at higher N level
the total loss of assimilates formed at various stages was greater, their final
amounts found in the main shoot and especially in the tiller at ripeness were always
higher than in plants grown on low N level.

The higher due to N weight increase of the main shoot in ‘Udycz Z6lty’ was
revealed mainly in a higher yield (and number) of the kernels and weight of the
culm. In ‘Blenda’ and ‘Avena B/H' no significant influence of nitrogen in this
respect was observed. On the other hand the reaction of their tiller was greater
than in ‘Udycz Zo6lty’. '

The amount of carbon assimilated 7—2 days before heading and finally found
in grain accounted in the investigated varieties for about 16—36 per cent. respecti-
vely, of its total at ripeness. The contribution of photosynthates formed after heading
was much higher, reaching at later stages about 90 per cent. The greater final
accumulation of organic substances under N influence in the kernels of the main
shoot in “‘Udycz Zélty’ was due almost entirely to assimilates formed after heading.

The authors are much indebted to professor T. Ruebenbauer for supply-
ing the seeds of the investigated plants as well as to Miss E. Szczypa M. sci.
for her help in plant analysis.

Plant Physiology Department (Entered: April 15, 1967)
Agricultural University, Warsaw.

Plant Physiology Division
Institute of Soil Science
and Plant Cultivation.
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Aktywnos$é fotosyntezy i jej produktywno$é w rolinach owsa
przed i po wykloszeniu

Streszczenie

Przebadano w warunkach wazonowych trzy odmiany owsa: ‘Udycz Zélty’
‘Blenda’ i ‘Avena B/H’ (stanowigca krzyzéwke pomiedzy Avena bisantina i Avena
sativa var. ‘Heines’). W réznych fazach wzrostu, poczynajac od 44—45 dnia, czeSé
roglin umieszczano na 20—30 min. w atmosferze zawierajgcej dwutlenek wegla
znakowany ™C. Ich radioaktywno§¢ oznaczano bezpo$rednio po ekspozycji oraz
w réznych odstepach czasu az do dojrzenia. Badane rosliny w analogicznych warun-
kach wzrostu wykazywaly istotne roinice w wielko$ci blaszek li§ciowych, w zmia-
nach fich og6lnej powierzchni zielonej oraz w zawartosci chlorofilu w przeliczeniu
na dm? Stwicrdzono réwniez roznice w intensywno$ci fotosyntezy w przeliczeniu
na jednostke powierzchni. ‘Udycz ZolMy wykazywal najwiekszy koncowy cigzar
7dzbla, jak i najwieksza liczdbe oraz ciezar ziarniakow.

U wszystkich odmian udzial poszczegblnych organéw zielonych w ogélnej
aktywnosci fotosyntetycznej pedu gléwnego w réznych fazach rozwoju byt bardziej
podobny do udzialu obserwowanego uprzednio w roélinach jeczmienia niz w ro-
$linach pszenicy. Udzial liScia najwyzszego pietra (flagowego) lacznie z odpowiada-
jgeym mu miedzywezlem nie przewyzszal mawet w poéiniejszych fazach wegetacji
30%,, a udzial wiechy w ciggu stosunkowo dlugiego okresu po wykloszemm wahat
sie w granicach 22—30% ogdlnej akiywnodci pedu.

W odmianie ‘Udycz Zolty' wieksza dawka azotu zastosowana w okresie strze-
lania w zdiblo opoOznila starzenie zielonych organéw, w szczegdlno$ci lisci; prze-
jawialo sie to w zmianach w ich powierzchni zielonej po wykloszeniu, zawartoscl
chlorofilu oraz w aktywno$ci fotosyntetycznej w przeliczeniu na jednostke po-
wierzchni. Blaszki li§ci réinego pietra wykazywaly roéznice w swej reakcji na
azot. Wyzsza ogélna aktywno§é fotosyntetyczna pedu gléwnego byla przede
wszystkim wynikiem wiegkszej aktywnosci blaszek liSciowych, a w pbéinych fazach
po wykloszeniu ré6wniez i pochew oraz wiechy. Chociaz w warunkach lepszego
zaopatrzenia w azot ogélne straty asymilatoéw powstalych w réznych fazach byly
wyzsze, ich ilo§ci stwierdzone w koncu wegetacji w pedzie glownym, a szczegblnie
w pedzie bocznym byly zawsze wieksze niz w roSlinach wyrostych na nizszym po-
ziomie N. Wiekszy dzieki temu skladnikowi przyrost masy pedu gléwnego ro$lin
odmiany ‘Udycz Zo6My' przejawil sie gléwnie w ciezarze (i liczbie) ziarniakéw oraz
w clezarze Zdzbla.

W odmianie ‘Blenda’ i ‘Avena B/H’ nie obserwowano pod tym wzgledem istot-
nego wplywu azotu.

W fazie pelnej dojrzalo§ci w ziarnie roslin badanych odmian stwierdzono okolo
16—36%0 pozostalej w nich ilo$ci wegla zasymilowanego 7—2 dni przed kloszeniem;
wzgledna akumulacja asymilatéw utworzonych po wykloszeniu byla wyzsza do-
chodzac do 90% w przypadku zwigzkéw organicznych powstalych w poinych fa-
zach. W wiekszym pod wplywem azotu nagromadzeniu tych zwigzkéw w ziarnia-
kach pedu gléwnego roélin odmiany ‘Udycz Zo6lty’ podstawows role odegral wegiel
zasymilowany po kloszeniu.
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