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The effect of daughter plant removal on the migration of
14C-assimilates in strawberry

Z. STARCK

The problem of interaction between acceptors and donors of assimilates, es-
pecially the character and localization of power causing the translocation of organic
substances are still little known. Many authors suggest that the distribution of
assimilates in plants is determined by “balance of supply” (Joy 1963), as well as
the capacity of organs as a sink of assimilates, (Mason, Maskell 1928; Thorne
1964: Thrower 1964; Wardlow 1965, and others).

The aim of the present study was to investigate the role of strawberry daughter
plant — an acceptor of assimilates in the translocation from the mother plant
to the runner. Strawberry seemed to be a good object for experimental work; mother
plants produce — more than one runner, therefore it is possible to investigate,
on the same plant, the relation between the size of daughter plant and the rate
of migration of photosynthates.

In all previous experiments, (Starck 1963, 1964a, b), the chief concern was
the effect of roots on the longitudinal transport. Nevertheless it was suggested,
that one of the reason of decreasing translocation in the stem of plants deprived
of roots, could have been the change of the rate of lateral movement from the
phloem into the surrounding tissue. The strawberry runner may be easily divided
into an outer and inner part, exactly on the layer of pericycle fibres. Therefore
in the experiments reported the effect of daughter plant removal on the longitu-
dinal as well as on the radial movement was investigated.

MATERIAL AND METHODS

Three experiments were carried out with strawberry var. “Regina”, cultivated
in the field, or in pots, (expt. 1). In experiments 2 and 3, plants were transfered
into water culture (five fold diluted modified Hoagland solution — Johnson 1957),
few days before exposure to 14COs.

The first two were pilot experiments, done in one replication and the third —
was based on the results of the former ones. Expt. 3 was done in three replications,
one plant in each. All the mother plants had two runners: younger one with small
daughter plant (about 0.3 g of fresh weight) and an older one, with bigger daughter
plant, (about 1.4 g of fresh weight).

In most cases only the blades of the mother plants were exposed to 14CO,
all the other organs were shaded and the runners were placed in polyvinyl bags
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(expt. 1, 2). In expt. 3, in four treatments all the organs, except the blades of mother
plants were shaded with light proof paper, but in the last treatment the whole
aerial part of plants were exposed to 14CO; and light to check the photosynthetic
rate of all green organs. In all experiments the plants were exposed to 14CO, in
plexiglass chamber, as described before (Starck 1964 a), all the conditions of
this exposition are presented in detail, in table 1.
Table 1
Condition of exposition (atmosphere with 14 CO3)

ition o Condition |
Condition of photosynthesis | Condmon' of o
translocation | for runners |
Expe- ] during
riment, Date E ook o radioacti- g ) 14CO, —
No s ‘0_ t°C | vity per coles L t°C photo-
exposition | 14C0O, % v/v| hrs )
plant synthesis
| i - |
1 26.X.l963; 1140—1240 13—14 SpC | 0,04 1.5 15—20 light
; . r.sp. =425 3.0
l o
2 12.V.1964| 1110—1130 (2226  —%) 0.05 4.0 21—-28 | light
| |
3 4.VII.1964I 905— 925 |22—23| 26 uC 0.06 0.5 18—23 I light
| r.sp. = 1,67| 2.0 or darknes|
| ; ; 4.0
| = |

*) Exposition were done with the other experiment
r.sp. = specific radioactivity of 14CO, pe/mg

After exposure, the plants were divided into: blades, apical part*, crown, roots,

daughter plants and runners, cut into 5—6 ¢cm segments, (experiments 2 and 3).
In expt. 2 also flowers with stalk were separated. In some treatments of expt. 3,

Epidermis

Cortical parenchyma

Pericyclic fibers
Phloem

Xylem
Fig. 1. Transverse section of runner.
Medulla

I—outer part; Il—inner part.

the runners were separated into the outer and inner tissue (Fig. 1). The samples
were immediately frozen and than progressively analysed for total radioactivity.
The analytical procedure was mostly the same as before (Starck 1963, 1964). The

* Apical part include stem apex with the youngest leaves.
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significance of the effect of daughter plants removal on the translocation of photo-
synthaies was statistically calculated. Analysis of variance was applied (Snede-
cor’s F test), and deviation between the averages was calculated by Student’s t test,
and so was the interaction of the factors examined. Most of these calculations were
done on the relative values (percentage of total 14C in the whole plant after trans-
formation according to the Bliss table).

RESULTS

Pilot experiments: No 1, 2.

The results of expt. 1, done in autumn and expt. 2 — done in spring are pre-
sented in table 2. Expt. 1 comprised measurements of 14C-translocation after 1,5
and 3 hrs translocation, feeding time included. The differences between total radio-
activity are mainly due to the different weight of blades, assimilating 14CO,. Total
radioactivity in expt. 1, calculated per 1g of blade fresh weight of intact plants

BE
Bl 7
2 /]
Q
L]
S
5K
\2
AN
Ay
t?"""--(‘) 1 1
T B F Y Segments

of runners
ﬁ B
Mother plant  Daughter plant

Fig. 2. Distribution of 14C-assimilates in the strawberry runners (Expt. 2).
I — with doughter plant; 2 — without doughter plant

was 2170102 cpm and for plants without daughter — 2080 102 cpm. In expt. 2
it was respectively: 811102 and 854 102 cpm. The rate of translocation, espe-
cially in expt. 1, seems to be very low. Most 14C-assimilates were found in petioles
and apical part. The radioactivity of the later part was considered as the result
of 14C-translocation, but also included 4C-photosynthesis “in situ”. In expt. 1
the radioactivity of runners was located mainly near the scale leaf, which was si-
tuated outside the polyvinyl bag and assimilated 14CO,, (data not presented). The-
refore it is difficult to compare translocation into the runner with and without dau
ghter plants, especially after 1.5 hrs. The runner of a plant without daughter was
more radioactive probably owing to 14C-photosynthesis carried out by the bigger
scale leaf, (its weight was more than twice of an intact runner).

After 3 hr translocation, in expt. 1 and after 4 hrs — in expt. 2, migration of
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Fig. 3. Distribution of 14C-assimilates in the strawberry runneis (Expt. 3).

a — intact plant; b — plants after excision of daughter plants;
weight; BB® — inner part: B — radioactivity, B’ — fresh wight;

AA’ — outer part:
CC” — outer part: C radioactivity, C' — fresh weight;
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=
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DD’ — inner part: D radioactivity, D' — fresh weight.

I — older runner; 2 — younger runner

A — radioactivity,

341

A" = fresh
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Table 3

Influence of daughter plants on the
(average of three

Experi
30 min 2 hrs
Control with daughter plant
Part of plant . .
total radioactivity | seluble in total radioactivity | Solublein
ethanol fiw. g ethanol fw. g
10% cpm | < 1 ; 10% cpm
10% epm o 1y 100%cpm | %
Blades 20156.6 91.3 17537.1 13.70 18102.3 97.0 14549.0 12.23
Apical part 55.4 0.3 - 0.48 131.6 0.7 - 1.04
Petioles 123.5 0.6 - 4.47 367.3 2.0 240.4 4.10
Crown 0 0 ) 0 1.47 30.6 0.2 - 0.77
daughter 1369.7 6.2 619.0 1.47 0 0 0 1.49
Older plant
runner %
runner 31.1 0.1 - 1.23 17 <0.1 - 1.37
- daughter 3327 | L5 183.5 0.41 0 0 0 0.26
oun- | plant [ |
ger | | | {
runner runner 102 | <0.1 - 0.82 1.53 | <0.1 = 088
Roots 0 0 0 16.27 trace trace trace 7.55
Total plant 22079.2 100.0 = 40,32 18654.8 100.0 - | 29.69
Sum of petioles, |
crown, Funnec, rools - - - l 26.14 420.9 2.3 - 16.42

1 Radioactivity of the whole plant assumed as 1007,
* Significant differences p = 0.05
** Significant differences p = 0.01

assimilates in plants without daughters was a little lower than in the controls. In
both experiments, translocation into the crown, as well as into the runner and roots
(in expt. 2), was reduced after removal of daughter plant. The total amount of
14C-assimilates transfered to the foot stalk and fruits was a little larger after ex-
cision of daughter plant. The distribution of labelled assimiletes in the runners of
expt. 2, is presented in fig. 2. In intact runner, decreasing gradient of radioactivity
up to its end was found. In the runner without daughter plant — radioactivity
was detected only in the first segment.
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translocation of ¥C-assimilates in strawberry
replications)
ment 1964
4 hrs
without daughter plant with daughter plant without daughetr plant
total radioactivity soli|:|ble total radioactivity solil:lble total radioactivity solil;ble
—— | ethanol w8 ethanol B - ethanol e
102 ecpm| 9 102 cpm 102 cpm| 9 10 cpm 102 cpm o 102 cpm
I
22457.3 | 97.0 |18489.0 | 13.23 [15172.7 83.9 [11304.0 | 13.28 |23745.3 89.9 18497.0 | 13.13
220.7 1.1 - 0.80 439.9 2.6 258.2 | 0.99 973.1 3.7 627.1 1.53
398.3 1.7 235.2 4.13 561.6 33 340.9 3.90 764.5% 29 497.7 3.70
53.2 0.2 - .18 186.2 1.1 85.5 0.73 2719 1.0 157.0 0.89
- - - - 110.5 0.6 53.0 1.38 - = = -
trace trace trace 1.20 250.5 1.4 173.0 1.10 100.2**) 0.4 89.4 0.99
- = - - 548 | 0.4 434 | 0.30 - - - -
0 0 0 0.98 184.9 1.1 138.0 | 0.76 100.0%%) 0.4* 75.1 0.82
0 0 0 7.50 103.4 0.6 - 5.30 469.9 1.7* - 7.0
|
23147.5 | 100.0 - 29.02 [17064.5 100 - 27.74 lZMZ?.Q 100.0 - 28.06
451.5 1.9 [ - 14,99 1451.9 8.5 - 13,47 1706.5 6.4% - 13.40
variations interactions
F Epfsalicn o age of runner tissue s EiF tissue x a
daughter g daughter x age o
Femp. 23.40 ‘ 1.80 0.43 5.31 28.40
Ft p = 0.05 4.49
p = 0.01 8.53
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Experiment 3.

This experiment was performed in three replications and included 5 treatments.
As control for the whole experiment served plants collected after 30 min of trans-
location. All their parts were exposed to light during 4CO, photosynthesis. The
other treatments (intact plants deprived of daughter) were collected after 2 and
4 hrs of translocation (tab. 3).

Daughter plants assimilated a relatively high amount of 14CO; in contrast to
the outer tissue of runners. Radioactivity of this part of the runner was located
mainly in the green tissue near the node with scale leaf, (data are not presented
in the table). The inner part showed only traces of radioactivity.

After 2 hr translocation, radioactivity was still concentrated in the blades, in
smaller degree — in petioles and in the apical part. In runners of intact plants,
radioactivity was detected in the first two segments, but in runners without daug-
hter plants — only traces were found. A more pronounced effect of cutting the
daughter plant was observed after 4 hr translocation. The total migration of the
assimilates in plants deprived of daughters, (expressed as percentage of total radio-
activity in the whole plant), was lower, but the share of petioles (calculated in cpm)
was higher in plants without daughter plant than in intact ones, (differences signi-
ficant p = 0,05). Removal of daughter plants caused an increase of 4C-trans-
location into the roots inversely as in expt. 2.

The marked differences in radioactivity of the apical part, between experimental
treatments were not significant. In this organ the greatest variability between re-
plications was observed probably as a consequence of differences in their fresh
weight. The contribution of the apical part to the total fresh weight of the whole
plant was 1,2 up to 5,5 percent in various plants. The radioactivity of this organ
was the result of photosynthesis “in situ” and translocation, but was calculated
in this experiment as 14C-assimilation.

The greatest differences in radioactivity between experimental treatments were
found in the runner (Table 3). Translocation into the runner was depressed as
a consequence of daughter plant removal. This depression was particularly marked
in older runmer, (interaction between age of the runner and presence of daughter
plant was significant). The distribution of labelled compounds in radial direction
depended on the age of the runner (Table 4), in younger runner, more radioacti-
vity was located in the outer layer and in older ones, inversely — more 14C-assi-
milates were found in the inner tissues. (Interaction agetissue was significant).
The ratio of radioactivity of the outer and inner tissue did not depend on the pre-
sence of daughter plants.

The distribution of radioactivity and fresh weight of inner and outer tissue
of both groups of runners are illustrated in fig. 3A, B, C, D. In intact runners
positive regression between radioactivity of outer tissue and their fresh weight was
observed, Fig. 3A, (coefficient of regression b = 0,0128 was significant al p =
= 0.01, coefficient of correlation r = 0.54 at r_;, = 0.487 at p = 0.01). The ra-
dioactivity of inner leyer in older runner was distributed almost uniformly along
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the runner, and in younger ones, a negative gradient of labelled compounds was
observed (Fig. 3B).

In runners deprived daughter plants, radioactivity was detected only in the
first two segments in both groups of runners and layers, (Fig. 3C, D). In the next
segments — it was only the trace of radioactivity.

Table 4

Distribution of '#4C-assimilates in runners after 4 hrs translocation (102 c. p. m.)

?Su'ﬁ'g}"r runners Older runners
Experimental series ;. outer inner o1 outer inner o1
part part part part

With daughter plant } 10.02 8.47 1.18 10.55 14.50 0.73
Without daughter plant ‘ 534 | 466 | 115 424 5,78 0,73
Effect of daughter plant | | j I

removal | —4.68 | —3.81 | — | —6.31%) |.—B8.72%* —

5 | *'

*) Significant p = 0.05
**) Significant p = 0.01
O/l ratio of radioactivity of outer and inner part.

DISCUSSION

[n strawberry the relatively low amount of 14C-assimilates migrated from the
blades as compared with other species (Starck 1964a, b). Even 4 hrs translocation
established less than 20 percent of total radioactivity (in expt. 2) and half of that
(in expt. 3). The share of runners and daughter plants in total radioactivity of the
whole plant was rather small. From the other hand their radioactivity represented
about 40 percent (in experiments 3), and about 30 percent (in expt. 2), of total
14C-translocated in 4 hrs., but only 10 percent, in autumn experiment.

[n most experiments performed with strawberry, a marked decrease of 14C-
-translocation into the runner dzprived of daughter plant was observed as compared
with intact plants. This effect was more pronounced in runners after excision of
bigger daughter plant than of a smaller one. Similar results were obtained in
the previous experiments, (Starck 1964a), with lupin, where excision of some
part of the roots affected 14C-distribution less, than the removal of the whole root
system. This seems to suggest, that removal of some part of the acceptor-organ,
or of an acceptor of different size, depressed differently the export of assimilates
to that organ, as a consequence of “sink power” reduction.

The 14C-distribution in the inner tissue of runner may suggest, that “filling”
of these tissue of intact, younger runner with the labelled compounds seems to
be delayed as compared with that of older ones. Therefore the rate (and/or velocity)
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of translocation, at least in the runner may depend on the capacity of the daughter
plant as an acceptor of assimilates.

The reduced migration of 14C-assimilates was observed both in the inner and
outer tissue (the ratio of the radioactivity of the outer and inner tissue did not
change after removal of the daughter plant). This does not agree with Peel’s ex-
periment (1964), who claimed, that lateral transport of assimilates increased in
willow cuttings with poorly developed roots, as compared with that in cuitings,
with well developed roots.

In outer tissue, especially of young, intact runner, was found more than one
half of 4C-assimilates, translocated to that organ. Therefore it is difficult to ex-
plain, why excision of the daughter plants produced a decrease of translocation
to growing, outer tissue of runner. Similar results were obtained with bean
plants, after excision of roots (Starck 1964a). In the stem of intact bean plants,
14C-assimilates accumulated in a relatively small amount in the roots which were
not a dominat sink of assimilates and relatively high amount — in the lower
part of the stem, probably as a result of lateral movement into the outer tissue
surrounding the conductive bundles. Such an accumulation was not observed
in plants deprived of roots. The accumulation of 14C-assimilates, in the lower part
of the stem of intact plants, was not observed in the case, when roots were
dominant acceptor — e.g. lupin (Starck 1964a). In that case roots removal caused
basipetaly increasing gradient of labelled compounds in the stem.

All these facts seem to suggest, that removal of assimilate acceptor-organ, may
interfere, in some cases with the migration of photosynthates into the other “sink”,
especially those, which are provided with assimilates by the same conducting bund-
les. This agrees with postulates of Nelson (1959), Czajlachian (1957), Thrower
(1964), that the demand for assimilates is not sufficient condition for translocation
into their acceptors.

Some other interaction between organs-donors and organs-acceptors seems
possible. This influence may extend beyond organ-acceptor e.g. by the production
of growth substances (Booth 1962; Hartt 1964; Hew-Chay-Sin 1965; Jakusz-
kina 1956, 1962, Povotockaja 1962, Thrower 1964), which may directly or
indirectly alter their “sink power”. In experiments reported, the growth substances
were not estimated, but removal of various organs produced the same changes
in the pattern of 14C-distribution, (daughter plants and roots), and excision of the
same organ, (e.g. roots in various plants) influenced migration of assimilates in
a different way, or in a different degree, probably depending on their metabolic
activity and the relationship between various acceptors of assimilates.

SUMMARY

The aim of present study was to compare the role of strawberry daughter plant in the trans-
location of assimilates, with that of roots in other species. Only in the autumn’s experiment
(No 1), where translocation was relatively low, daughter plants removal influenced a little migration
of assimilates to the runner. In all the other cases a marked decrease of 14C-translocation to the
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runner, deprived of daughter plant was observed, as compared with intact plant. This effect
was more pronounced in older runners, after excision of bigger plants. The “filling” of the tissue,
of intact, younger runners with 14C-assimilates, seems to be delayed as compared with that of older
ones. The distribution of labelled compounds in radial direction, depended on the age of runner,
but not on the presence of daughter plant. In younger runners, more labelled assimilates were lo-
cated in the outer layer, inversely to the older ones.

All these facts seems to suggest, that the daughter plant — an acceptor of assimilates, influence
the velocity (or/and rate) of translocation of assimilates in strawberry, in different degree depending
on its “sink power™. This effect was similar to that, exerted by roots removal, or some part of them,
reported in previous paper, (Starck 1964a, b). The mechanisms of these effects are still little known.

The author is gratcﬁ:ll to Professor H. Birecka for the helpful criticism of the manuscript.

Department od Plant Physiology (Entered: 27.X1.1965.)
Central College of Agriculture
Warsaw
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Wplyw odcigcia rozmndzki pgczkowej na przemieszczanie asymilatéw w truskawce

Streszczenie

W celu scharakteryzowania roli réznych akceptorow w przemieszczaniu asymilatéw, podjeto
badania dotyczace wplywu rozmnoézki paczkowej na transport do rozlogdéw truskawki. Przepro-
wadzono trzy doswiadczenia, w ktorych $ledzono rozmieszezenie radioaktywnego wegla w posz-
czegblnych organach roslin kontrolnych i pozbawionych rozmnézek.

Rozmnézka okazala si¢ stosunkowo stabym akceptorem asymilatéw, byé moze na skutek
dos¢ duzej aktywnoséci fotosyntetycznej; jej udzial w sumarycznej radioaktywnosci calej rosliny,
byl nieznaczny, pomimo, ze w czasie ekspozycji w 14CO», umieszczano je w ciemnosci. Stwierdzono
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jednak, ze rozlogi wraz z rozmnozka kumulowaly ok. 30—409; znakowanych asymilatow, w sto-
sunku do ilosci 14C substancji, przemieszczonych z organow asymilujacych 14CO;. Tylko w jednym
doéwiadczeniu, przeprowadzonym na jesieni, w ktorym transport asymilatow byl nieznaczny,
do rozlogdw wraz z rozmnozka przemieszezalo sig tylko okoto 107 znakowanych zwiazkow, trans-
portowanych z organdw asymilujacych, co stanowilo zaledwie 1Y%, sumarycznej radioaktywnosci
calej rosliny. W tym przypadku, odcigcie rozmnozki w bardzo nieznacznym stopniu wplyngto na
przemieszczanie asymilatow, w przeciwienstwie do dwoch pozostatych doswiadczen, gdzie stwier-
dzono znaczne zahamowanie migracji asymilatow w roztogach, pozbawionych rozmnézki. Stopien
zahamowania zalezal od wieku roztogdéw i wielkosci odcigtego akceptora. Odcigcie wigkszej roz-
mnodzki, starszego roztogu, spowodowalo wyrazniejsze zahamowanie transportu, by¢ moze na skutek
jej wigkszej aktywnosci jako organu-akceptora. W roziogach miodszych, u roslin kontrolnych
(tj. z rozmndzka), stwierdzono malejacy gradient radioaktywnosci, w tkankach wewnetrznych,
podczas gdy w rozlogach starszych, znakowane zwiazki byly prawie réwnomiernie rozmieszczone
na calej ich dtugosci. Moze to wskazywac, na wplyw wielkosci akceptora na szybkos¢ (a by¢ moze
i intensywno$¢) przemieszczania asymilatow.

Rozmieszczenie asymilatéow w rozlogach, w kierunku radialnym, zalezalo rowniez od ich wieku,
natomiast nie zalezalo od obecnosci rozmnoézki. W rozlogach miodszych stwierdzono wiecej 14C-
-asymilatow w tkankach zewnetrznych, glownie migkiszowych, natomiast w starszych — glownie
w tkankach wewnetrznych, (m. innymi przewodzacych).

Wszystkie powyzsze fakty wydaja sie wskazywac, ze odcigcie rozmnodzki paczkowej, podobnie
jak odciecie korzeni lub ich czgsci (Starck, 1963, 1964a, b), wplywalo na migracje asymilatow,
w roznym stopniu zaleznie od aktywnosci danego organu, jako akceptora.
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