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WOORD VOORAF 

Ongeveer bij de voltooiing van het tiende jaar van ons bestaan en dus ook voor de 
tiende maal bieden wij een jaarboek met uitkomsten uit ons onderzoek ter lezing aan. 
De opzet is niet anders dan de voorgaande keren. De inhoud is weer veelzijdig. Het 
aantal van tien artikelen zien we niet als het begin van een traditie om jubileumnum­
mers te vullen in overeenstemming met het aantal levensjaren van het instituut! 

Het doet ons bijzonder goed onze oud-directeur onder de auteurs van dit jaarboek 
aan te treffen. De redactionele en taalkundige zorgen van de dames Mej. E.H. ZEILER 
en Mej. A.H. VAN ROSSEM (Engels) en van drs. G.F. MAKKINK (Esperanto) mogen, 
evenals het keurige tekenwerk van de heer G. BEEKHOF, weer dankbaar gememoreerd 
worden. Met de auteurs hopen zij dat weer velen uit de inhoud van dit jaarboek zullen 
kunnen putten. 

De Directeur van het Instituut voor 
Biologisch en Scheikundig Onderzoek 
van Landbouwgewassen, 

prof. dr. ir. G.J. VERVELDE 

Wageningen, oktober 1966. 



NOTICE FOR FOREIGN SCIENTISTS 

As in preceding years a mimeographed issue has been prepared with summaries in 
Esperanto for countries where English is not generally understood. It will be sent on 
request. A complete translation in Esperanto of the Dutch contributions may be 
obtained on request as well. 

AVIZO POR FREMDAJ SCIENCISTOJ 

Kiel en antaüaj jaroj mimeografita kajero kun resumoj en Esperanto estas preparita 
por landoj kie la angla lingvo ne generale estas komprenata. Gi estos alsendata post 
peto. Kompleta traduko en Esperanto de iu dezirata artikolo en la nederlanda lingvo 
estos alsendata al tiuj uzantoj kiuj speciale sciigas la deziron. 
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INFLUENCE OF CLIPPING AND SOIL FUMIGATION ON SHOOT AND 
ROOT PRODUCTION OF PERENNIAL RYEGRASS AND WHITE CLOVER 

G. C. ENNIK 

INTRODUCTION 

In previous experiments it was observed that soil fumigation with D-D had a 
favourable influence on the production of white clover some months after treatment, 
but not on the production of perennial ryegrass (ENNIK et al., 1962, 1964). The effect 
on clover was shown to be caused by a better (healthier) root system in the treated 
pots and presumably due to the kill of soil pathogens. Some data indicated that the 
root system of the grass was also improved to some extent, but that this did not 
result in a higher production of the overground parts (ENNIK et al., 1964). For further 
examination a pot experiment was carried out in which the influence of soil fumigation 
and clipping on the shoot and root production of perennial ryegrass and white clover 
was studied. The results are discussed in this paper. 

METHOD AND MATERIAL 

Plastic buckets of 21 cm diameter, with a small opening near the bottom to drain 
a possible water surplus, were filled with 5.75 kg sandy soil from the experimental 
garden on top of a thin layer of gravel. Half the number of pots were fumigated with 
3 ml 'Shell D-D' per pot (main active component 1,3-dichloropropene). After treat­
ment all pots, including the non-treated ones, were covered with plastic for one week 
and then exposed to air for a month. On 17 May 1962 each pot was planted with 
31 seedlings of perennial ryegrass 'Engels raaigras weidetype Barenza' or white clover 
'Witte cultuurklaver C.B.' and placed in a climate room at 20°C and 17 hours of 
light by HPL-lamps. Of both grass and clover one series was allowed to grow undis­
turbed and one series was clipped every four weeks (15 June, 13 July, 10 August, 
7 September) to a height of about 2 cm. Each series comprised 12 pots of which at 
intervals of 2 weeks and later on of 4 weeks two pots were used to estimate the over­
ground and underground production. For the series with undisturbed growth this 
was started on 1 June and for the clipped series on 29 June. The roots were rinsed out 
over a sieve by a water jet, after which the overground and underground parts were 
separated, dried and weighed. The last pots of the undipped and clipped series were 
harvested on 10 August and 5 October respectively. 

The pots were supplied with a basic dressing of 20 me. P and 50 me. Ca as super­
phosphate, 30 me. K2S04 and 10 me. MgS04 per pot. On 1 June 6 me. K2S04 per 
pot were supplied and from 15 June onwards the pots received 2.5 me. KH2P04, 6 me. 
K2S04 and 8 me. MgS04 solved in water every two weeks. The pots planted with 
grass were also provided with nitrogen; on 17 May and 15 June with 8.2 me. N per 
pot and starting on 22 June with 16.4 me. N as ammoniumnitrate weekly, until the 
end of the experiment. Thus the last harvested pots of the undipped series had totally 
received 131 me. N per pot and those of the clipped series 246 me. N per pot. Other 
experiments and data reported in the literature (ALBERDA, 1965) show that the nitro-
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gen application may have been sub-optimal for growth in our experiment, but (as will 
be discussed later) the results of the shoot/root-ratios indicate that the dry-matter 
production was not limited by this. No nitrogen was applied to the clover pots. 

RESULTS 

The yields of the overground and underground parts of the pots with uninterrupted 
growth are presented in Fig. 1. During the first months the shoot production of the 
grass exceeded that of the clover, but finally the clover slightly out-yielded the grass. 
The root production of clover, however, only amounted to one fourth of that of the 
grass. Consequently the root system of clover is very efficient, though its small size 
makes it rather vulnerable. 

Soil fumigation with D-D had no influence on the root production of clover but 
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FIG. 1. Dry-matter yield of shoots and roots of 
grass and clover after uninterrupted growth on 
soil fumigated before or not. Averages of two 
pots per treatment. 



slightly increased the overground production, indicating a slightly more active root 
system in the treated pots. It will be seen later that the growth period of this series 
was too short to achieve the great favourable effect on the shoot production mentioned 
in the introduction. The root production of the undipped perennial ryegrass was 
considerably enhanced after soil fumigation, but this resulted only in a slightly 
higher yield of the overground parts, suggesting a smaller activity of the root system 
in the treated pots. This corresponds well with the result of the experiment referred 
to in the introduction, indicating that fumigation improved the root production of 
grass, but did not result in a higher shoot production. The reason for this favourable 
effect on root production is not clear. 

The yields of the clipped pots are presented in Fig. 2. The remainders of the over-

FIG. 2. Dry-matter yield 10 
of shoots and roots of 
grass and clover under 
4-week clipping on soil 20 

fumigated before or not. 
Shoot yields separated per 

all cuts. Averages of two g dm/pot 
pots per treatment. L 

For symbols see Fig. 1. 17 May 13 Juty 10 August 
. .._!... . ..._ ._ - J 

7 Sep. 5 Oct 
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ground parts on the pots after clipping were estimated by subtracting the average 
herbage yields of the clipped pots from the yield of the overground parts of the rinsed 
pots. In drawing the curves through the points use was made of the findings by others 
on the shape of the regrowth curves (DEL POZO IBÂNEZ, 1963). The yields of the over­
ground parts are not only given for each cut separately, but also in a cumulative 
form. A comparison with Fig. 1 shows that the dry-matter yield of the overground 
parts grown in the same period is reduced by clipping, but that the yield of clover is 
much more reduced than that of grass. Under these conditions the yield of clover 
only amounted to half that of the grass. This seems remarkable because MORAN et al. 
(1953) reported that low cutting removes more of the reserves of the grass than it 
does of the clover, suggesting that clipping would be worse for grass than for clover. 
Under competitive conditions in practice this is indeed common (ENNIK, 1965). The 
fact that it does not hold in the present experiment, in which pure stands are compared, 
may have two reasons. Firstly the yield of the undisturbed grass may have been rela­
tively low by shortage of nitrogen. If this should be so, which is not very likely as will 
be discussed later, it should be considered that even then the nitrogen application in 
our experiment was still higher than usual under common farm conditions. Secondly, 
and this is probably the main reason, the rate of regrowth in the first two weeks after 
clipping was much higher for grass than for clover (Fig. 2). This is probably caused 
by the fact that regrowth of grass initially consists of elongation of the young (cut) 
leaves already present, whereas regrowth of clover depends on the development of 
new leaves, which takes more time. Thus the possibly greater loss of reserves of the 
grass by clipping is offset by a more rapid recovery of the assimilating leaf area. Under 
competitive conditions in practice, however, relatively more clover leaves will escape 
from clipping with increasing clipping frequency, due to the more prostrate growth 
of the clover. This in combination with the effects resulting from the mutual interac­
tion of the species may account for the fact that in practice clover rather than grass 
is stimulated by frequent cutting. 

The effect of soil fumigation showed the same tendency in the clipped series as in 
the undipped series, but less pronounced. After 10 August, however, the clover yield 
in the control pots dropped very rapidly compared with that in the fumigated pots. 
The same phenomenon occurred in previous experiments and is supposed to be caus­
ed by attack of the clover by soil pathogens (ENNIK et al., 1962, 1964). The condition 
of the plants on 4 October is shown in Fig. 3. F rom Fig. 2 it is obvious that at that 
time the root weights in the fumigated and control pots were still the same. This will 
be discussed later in this article. 

The results described so far are also reflected in the shoot/root-ratios (Table 1). 
The shoot/root-ratio of the undipped perennial ryegrass varied from 2.8 to 1.4. 
During the first month it was somewhat higher in the fumigated pots. Thereafter it 
was highest in the control pots, indicating less activity of the roots in the fumigated 
pots. The shoot/root-ratio of the undipped white clover steadily increased from about 
1.5 to 8. I t was distinctly higher in the fumigated pots, indicating a more active root 
system in these pots. 

The shoot/root-ratios of the clipped grass and clover show the same trend as those 
of the undipped series, but they are regularly cut down to a low value by the clipping. 
As described by BROUWER (1963) and DEL POZO IBÂNEZ (1963) root growth stops after 
clipping until the original shoot/root-ratio has been recovered. This is demonstrated 
for grass in Fig. 4, in which shoot weight is plotted against root weight for the und ip­
ped series of both grass and clover and for the clipped series of grass. After clipping 
root growth of the grass was not resumed until the original shoot/root-ratio had been 
recovered. After the last two cuts root weight did not show any further increase which 
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FIG. 3. Condition of clover and grass on 4 October on fumigated and non-fumigated soil. Two pots 
per treatment. 

means that the period between two clippings was just sufficient to recover the original 
shoot/root-ratio. In other words shoot production was in equilibrium with the clip­
ping period at that time, and under the prevailing conditions (4-week clipping) the 
maximum attainable root weight had been achieved. 

The shoot/root-ratios of grass in our experiment are low compared to those report­
ed by ALBERDA (1965) who obtained values of 4 to 5 for perennial ryegrass growing 
on nutrient solution under conditions of optimal N-supply, and the question arises 
if in our case the shoot/root-ratios would have been depressed by nitrogen shortage. 
That this is not necessarily the case is shown by experiments by DEL POZO IBÂNEZ 
(1963) who found shoot/root-ratios of about 1 for perennial ryegrass growing on 
gravel with high N-supply under the same temperature conditions as in our experi­
ment. Combining the data in Figs. 1 and 2 shows that after 13 July the shoot (and 
root) production of the undipped grass was considerably higher than the cumulative 



TABLE 1. Shoot/root-ratios of grass and clover under different conditions. The clipping dates are 
indicated by horizontal lines. Two replicates per harvest date. 

Date of 
harvest 

1962 

1 June 

15 June 

29 June 

13 July 

27 July 

10 August 

7 Sept. 

5 Oct. 

Perennial 

Undipped 

D-D Control 

2.46 
2.77 

2.05 
2.08 

1.52 
1.55 

1.51 
1.41 

1.58 
1.84 

1.88 
1.71 

2.25 
2.14 

1.81 
1.48 

1.95 
1.71 

1.63 
1.80 

2.20 
2.10 

2.06 
1.92 

ryegrass 

Clipped 

D-D 

1.38 
1.54 

1.68 
1.92 

1.16 
1.26 

1.76 
1.59 

1.26 
1.10 

1.19 
1.68 

Control 

1.43 
1.31 

1.69 
1.98 

1.06 
1.28 

1.58 
1.90 

1.34 
1.25 

1.67 
1.44 

White clover 

Undipped 

D-D 

1.61 
1.91 

3.94 
3.98 

4.99 
5.19 

8.03 
7.08 

7.68 
8.90 

7.75 
8.35 

Control 

1.82 
1.32 

3.18 
2.72 

3.76 
3.33 

6.41 
5.62 

8.14 
6.44 

6.53 
8.35 

Clipped 

D-D 

1.54 
1.73 

4.43 
3.99 

1.53 
2.07 

4.79 
4.06 

3.25 
3.48 

1.58 
2.08 

Control 

1.67 
1.32 

3.87 
3.43 

1.60 
2.57 

4.40 
2.90 

2.01 
2.30 

0.51 
0.45 

production of the clipped grass, whereas nitrogen application had been the same in 
both cases. This means that the N-supply has been relatively higher for the clipped 
plants which normally results in a higher shoot/root-ratio (BROUWER, 1963). As in 
our case the shoot/root-ratios were the same for the clipped and undipped grass 
(Fig. 4), it is not likely that growth was limited by nitrogen shortage. This conclusion 
is supported by the fact that fumigation, which normally increases the available ni­
trogen in the soil (ENNIK et al., 1962, 1964), did not increase the shoot/root-ratio of 
the grass. 

Concerning the recovery of the shoot/root-ratio after clipping the picture for clover 
was similar to that for grass, but somewhat less regular because of scattering of the 
points (Fig. 5). This scattering is inherent in the method of examination, implying 
that the data of successive harvests are derived from different pots. It is more serious 
for clover than for grass because small differences in the relatively low root weights 
of the clover may considerably change the shoot/root-ratio. The dotted lines are not 
therefore exact, but they do show that at the end of the regrowth periods the original 
shoot/root-ratio had been approximately recovered. 

In Fig. 5 only the regrowth periods until 10 August have been given because after 
that date the shoot/root-ratio of clover in the clipped pots dropped sharply, especially 
in the non-fumigated pots (Table 1). As mentioned the latter is supposed to be caused 
by reduction in the root activity by soil pathogens. This may also hold for the fumigat­
ed pots. Preceding experiments under similar conditions have shown that after 
fumigation the pathogenic organisms recovered to a critical level within one season 
(ENNIK et al., 1964). On the basis of Fig. 2 the decrease in shoot/root-ratio might 
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FIG. 4. Shoot dry weight against root dry weight 
of undipped grass and clover and clipped grass 
on soil fumigated before or not. Recovery of the 
clipped grass to the original shoot/root-ratio. 
Averages of two pots per treatment. 
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root 
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Fig. 5. Recovery of the clipped clo­
ver to the original shoot/root-ratio. 
Averages of two pots per treatment. 

be explained as follows. The increasing population of parasites increasingly hampered 
the activity of the roots. After 10 August this resulted in a decrease in shoot produc­
tion, especially in the non-fumigated pots. The plant, attempting to maintain the 
functional equilibrium between roots and shoots, continued root production as 
before, thus producing more roots than would normally correspond with the pre­
vailing shoot production. Consequently the shoot/root-ratio decreased. The damage 
by the parasites increased to such an extent, however, that the plant could not com­
pensate it by a raised root production and after 7 September shoot production in the 
non-fumigated pots had almost stopped though the plant still continued the root 
production. It may be expected that finally the root system would decay for a great 
part (ENNIK et al, 1962). 

SUMMARY 

After three months of uninterrupted growth dry weight yields of the overground parts 
were the same for perennial ryegrass and white clover. The root production of clover 
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under these conditions amounted to only one fourth of that of grass. The shoot/root-
ratio of the undipped grass during growth varied from 2.8 to 1.4, that of clover 
steadily increased from about 1.5 to 8. 

Soil fumigation with D-D considerably enhanced the root production of perennial 
ryegrass in this series, but it resulted only in a slightly higher yield of the overground 
parts, indicating a lower activity of the root system in the fumigated pots. During 
the 3-months' growth period soil fumigation had no influence on the root production 
of clover, but slightly increased the overground production, indicating a slightly more 
active root system in the fumigated pots. 

Compared with uninterrupted growth over the same period, 4-week clipping re­
duced the dry-matter yield of both grass and clover, but that of clover by far the most. 
Under these conditions the dry-weight yield of the overground parts of clover amount­
ed only to half that of the grass. After clipping root growth of both species terminated 
until the original shoot/root-ratio had been recovered. After three months the over­
ground clover yield in the control pots dropped very rapidly, probably caused by 
destruction of the roots by soil pathogens, which could not be compensated by a 
relatively higher root production. This went together with a decrease in the shoot/ 
root-ratio. 
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INFLUENCE OF LIGHT INTENSITY AND TEMPERATURE BEFORE AND 
AFTER ATTAINING THE REPRODUCTIVE PHASE ON THE BEHAVIOUR 
OF PERENNIAL RYEGRASS (LOLIUM PERENNE L.) 

A. KLEINENDORST and A. SONNEVELD 

INTRODUCTION 

In an early shooting clone of perennial ryegrass it was found that the light intensity 
after attaining the reproductive phase did not affect the composition of the ears 
formed, but did affect their size (KLEINENDORST and SONNEVELD, 1965a). The compo­
sition of the ear was considerably influenced by the length of the vernalization period. 

The present experiments were intended to investigate the influence of various light 
intensities, before the change-over to the reproductive phase, on the composition 
and size of the inflorescence. 

Since the temperature could also be varied during the long-day treatment this 
possibility was utilized. 

METHODS 

On 10 October 1963 individual tillers of clone 3 were placed on a modified nutrient 
solution, by HOAGLAND and ARNON (LOCHER and BROUWER, 1964), in an open cage 
in which the temperature is about the same as that of the open air. On 6 December 
it started to freeze and the tillers were transferred to a greenhouse at a temperature 
of about 5°C. On 24 January 1964 the tillers were placed in a climate room at 18°C 
and a daylength of 7 hours. Other experiments (KLEINENDORST and SONNEVELD, 
1965b) showed that this clone remains completely vegetative in this daylength, even 
if it is in a condition of optimal vernalization. The laterals formed in the mean time 
were removed. Half of the tillers were placed in a light intensity of about 2.4 x 104 

ergs cm -2 sec -1 and the remainder in about 1.2 X 104 ergs cm -2 sec-1. During the 
light period the temperature between the tillers in 2.4 x 104 ergs cm -2 sec-1 was 
| -1°C higher than that between those in 1.2 x 104ergs cm -2 sec-1. On 17 February, 
after 24 days, the plants were transferred to a climate room at a constant temperature 
of 15° and 25 °C and a daylength of 17 hours. At both temperatures half of the plants 
were placed in a light intensity of about 4.7 x 104 ergs cm -2 sec-1 and the remainder 
in about 2.4 x 104 ergs cm -2 sec-1. The growing points of a number of original tillers 
were regularly examined. 

RESULTS 

The data on the examination of the growing points of the main tillers during the 
period in a daylength of 7 hours are summarized in Table 1. 

Transference to a higher temperature causes an increase in the number of vegetative 
primordia on the growing point and more so in the high light intensity than in the 
low one. If, after sufficient vernalization, the tillers are subjected to a higher tempera­
ture and at the same time to a longer daylength the double-ridge stage will occur in 
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TABLE 1. Number of vegetative primordia, leaves and laterals found on the main tiller during the 
period in 7 hours of daylength. 

Date 
Light intensity 

High 
(c.2.4 x 10" ergs 

cm~2sec_1) 

Low 
(c.1.2 x 10" ergs 

cm"2 sec-1) 

24/1 

3-4 

3 ^ 

Number of 
vegetative primordia 

30/1 6/2 13/2 

6-7 8-9 

5-6 6 

6-7 

6 

17/2 

7 

5-6 

Number of 
visible leaves 

24/1 

3 

3 

17/2 

7.1 

6.0 

Number of 
laterals 

24/1 17/2 

0 4.0 

0 0.8 

the lengthened growing points with more primordia (KLEINENDORST and SONNEVELD, 
1965a; COOPER, 1951). In a daylength of 7 hours this change-over does not occur and 
the number of vegetative primordia decreases again, in the high light intensity to a 
somewhat greater extent than in the low one. If this change-over to the double-ridge 
stage does not occur, the accelerated elongation of the growing point and formation 

TABLE 2. Data on the change-over to the double-ridge stage, shooting and the composition of the 
ear after transference to a daylength of 17 hours. 

Treatment 

Light intensity 
in 7 hours 

of 
daylength 

In 17 hours of 
daylength 

temper­
ature 

light 
intensity 

D 

high 
low 
high 
low 

high 
low 
high 
low 

Average 
Average 

15°C 
15°C 
15°C 
15°C 

25 °C 
25 °C 
25 °C 
25 °C 

15°C 
25 °C 

high 
high 
low 
low 

high 
high 
low 
low 

High light intensity in 7 hours of daylength on 
an average 

Low light intensity in 7 hours of daylength on 
an average 

High light intensity in 17 hours of daylength on 
an average 

Low light intensity in 17 hours of daylength on 
an average 

11 
13 
8 

13 

5 
7 
7 
6 

11 
6 

10 

9 

9 

1.1 
0.5 
0.0 
0.5 

9.5 
8.2 
8.5 
7.8 

0.5 
8.5 

9.8 

9.3 

9.8 

9.3 

22.1 
21.8 
20.4 
21.5 

19.6 
18.4 
18.2 
18.0 

21.5 
18.6 

20.1 

19.9 

20.5 

19.5 

A = Number of days between the beginning of 17 hours of daylength and double ridge 
B = Number of primordia at the change-over to the double-ridge stage 
C = Average number of spikelets per ear 
D = Number of days between the beginning of 17 hours of daylength and shooting 

37 
44 
39 
47 

20 
24 
21 
23 

42 
22 

29 

35 

31 

33 
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of vegetative primordia is apparently inhibited and the number of vegetative pri-
mordia decreases again. 

The development of new leaves is stimulated by the high light intensity as well 
as the number of laterals. The latter even to a considerable extent. 

When the plants are transferred to a daylength of 17 hours the accelerated elonga­
tion and increase in the number of vegetative primordia starts again (see Table 2). 
Temperature has the greatest effect on the rate at which the double-ridge stage is 
attained. This stage is attained considerably earlier at 25°C than at 15°C. At that 
moment the number of vegetative primordia is smaller on the plants at 25 °C and the 
result is that these plants form ears with a smaller number of spikelets. Earlier investi­
gations (KLEINENDORST and TEN HOVE, 1957; RYLE and LANGER, 1963a) have already 
shown a close correlation between the number of vegetative primordia at the moment 
of changing over to the reproductive phase (double-ridge stage) and the ultimate 
number of spikelets per ear. Fig. 1 demonstrates this again with data on the present 
experiment. 

The same occurs if the double-ridge stage is achieved earlier because the plants 
have been more optimally vernalized (KLEINENDORST and SONNEVELD, 1965a). The 
higher temperature does not only result in attaining the double-ridge stage earlier, 
but shooting is also considerably accelerated. 

The low light intensity in the 7-hours' daylength period seems to result in a some­
what later attaining of the double-ridge stage. However, this does not influence 
the number of spikelets per ear. Shooting is somewhat retarded, though this retarda­
tion is slight compared to the influence of the temperature. The effect of the light 
intensity in the 17-hours' daylength period is still smaller. 

Fig. 2 shows the trend in the number of leaves formed on the main tiller after 
transference to a daylength of 17 hours. During the 24-days' stay at 18°C and 7 hours 
of daylength a clear difference in the number of leaves formed did occur as a result 
of the varying light intensity (Table 1), but at a much slower rate than the differences 
obtained in the first 10 days after transference to 17 hours of daylength. At 25 °C 
more new leaves are visible in the last period of both pre-treatments than at 15°C. 
At 15°C a higher light intensity clearly stimulates the number of new leaves visible, 
at 25 °C it has an unfavourable influence, although the differences are relatively small 

number of spikelet: 
23 h 

22 

21 

19 

FIG. 1. Correlation between the number of pri 
mordia at the moment of changing over to the 
reproductive phase (double ridge) and the ultimate ° 
number of spikelets per ear. 

18 I-

9 10 . 11 12 
number of primordia at the beginning 
of the double-ridge stage 
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number of leaves present FIG. 2. Trend in the number of leaves formed 
s I- on the main tiller after transference to 17 

hours of daylength. 

17 18 19 20 21 22 23 24 25 26 27 
February 

at the latter temperature. I t is difficult to say whether this is only or partly effected 
by the light intensity. In the introduction it has already been mentioned that a light 
intensity of 2.4 x 104 ergs c m - 2 s ec - 1 causes a temperature rise of J - l °C between the 
plants compared to the intensity of 1.2 X 104 ergs cm - 2 sec - 1 . I t may be therefore 
assumed that the light intensity of 4.7 X 104 ergs cm - 2 s ec - 1 will have caused a few °C 
higher temperature between the plants than 2.4 x 104 ergs cm - 2 sec - 1 . This may have 
caused the difference between 15°-high and 15°-low. Another investigation shows 
that this clone of perennial ryegrass has relatively low optimal temperatures for the 
various growing processes (KLEINENDORST and BROUWER, 1965; KLEINENDORST and 
SONNEVELD, unpublished). The temperature of 25 °C might already be above the 
optimum for leaf formation. The further rise by the high light intensity could explain 
the unfavourable influence on the formation of new leaves. A considerable positive 
effect of the temperature on the rate of leaf emergence in grasses was also found by 
LANGER (1954) and MITCHELL (1953a). COOPER (1964) too, found differences between 
the various origins in perennial ryegrass and in cocksfoot. 

Table 1 shows that the plants in high light intensity during the 7-hours' daylength 
period form many more primary laterals on the main tiller than plants receiving a 
low light intensity. In the last-mentioned plants the axillary shoots of the basal leaves 
are missing. The same was found by PATEL and COOPER (1961). They subjected peren­
nial ryegrass plants of the varieties S 23 and Melle to a low light intensity. MITCHELL 
(1953b) also stated that the axillary shoots of the basal leaves are not formed in low 
light intensity. He suggests this is caused by an insufficient supply of carbohydrates 
to the meristems in the axils of the leaves. 

After transferring the plants to 17 hours of daylength new primary laterals are 
rather rapidly formed on the main tillers (Fig. 3). The plants receiving the low light 
intensity during the 7-hours' daylength period, after which they were transferred to 
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FIG. 3. Number of laterals formed on the main tiller 
in the first weeks after transference to 17 hours of 
daylength. | = growing point of the main tiller attains 
the double-ridge stage. 

number of shoots 
on the main tiller 
7 r 

- H - * ^ 

,25-H 
15-H 

15-L 

15-H 

1/3 6/3 
date 

25 °C, are noticeable for the most rapid rate of lateral formation. It seemed as though 
a kind of recovery effect took place. The plants from the high light intensity also 
show a somewhat accelerated effect compared to 15°C, however, not to such an 
extent as the plants from the low light intensity. A higher temperature did not only 
stimulate the rate of leaf formation, but also the rate of lateral formation on the main 
tiller. 

The plants which had been transferred to 25 °C during the 17-hours' daylength 
period, had attained the double-ridge stage earlier and were shooting earlier, were 
harvested on 23 March. The plants at 15°C, in which the mentioned processes were 
much slower, were harvested only on 24 April. The number of shoots was also recorded 
when the plants were harvested. The data obtained are summarized in Table 3. 

TABLE 3. The average number of shoots per plant at transference to 17 hours of daylength and at 
the harvest. 

Light intensity 
in 7 hours 

of 
daylength 

high 
low 
high 
low 

high 
low 
high 
low 

Treatment 

In 17 hours of 
daylength 

temper­
ature 

15°C 
15°C 
15°C 
15°C 

25 °C 
25 °C 
25 °C 
25 °C 

light 
intensity 

high 
high 
low 
low 

high 
high 
low 
low 

17 Feb. 

5 
2 
5 
2 

5 
2 
5 
2 

Number of shoots 

23 March 

19 
12 
10 
5 

24 April 

45 
29 
20 

9 

23 



dry weight 
shoots g/pL 
4.0 

3.5 

3.0 

2.B 

2.0 

1.5 

1.0 

0.5 

0 
17/2 

15-H 

15-L 

. 15-H 

FIG. 4. Dry weight of shoots at 15 °C and 25 °C and in high (H) and low (L) light intensity. 
A = high light intensity in the pre-treatment 
B = low light intensity in the pre-treatment 

The light intensity during the 17-hours' daylength period at both temperatures has 
a great influence on the total number of laterals. In addition there remains the great 
effect on the lateral formation of the light intensity in the period with 7 hours of 
daylength. More shoots are formed as the light intensity is higher and with it the 
energy supply. The recovery suggested in Fig. 3, however, did not finally lead to a 
disappearance of the effects caused by the low light intensity during the 7-hours' 
daylength period. A similar reaction is found in the dry weights of root and shoot. 
Moreover, the plants at 25°C are much retarded compared to those at 15°C (Fig. 4). 
The difference is largest in the high light intensity. It has already been mentioned 
that this clone of perennial ryegrass shows its optimum for growth at about 15°C. 
Therefore it may be the high temperature of 25 °C that is the limiting factor for growth 
in the high light intensity. The smaller difference between 15° and 25°C in a low light 
intensity is probably caused by the light intensity also being a limiting factor. 

Table 4 shows the length of the ears as well as the number of flowers per spikelet. 
The length of the ear is not influenced by the light intensity in 7 hours of daylength. 
In the 17-hours' daylength period the length of the ears increases with the high light 
intensity. 

The temperature of 15°C in 17 hours of daylength results in appreciably longer 
ears than at 25 °C. Although the number of spikelets is larger at 15°C, the average 
distance between the spikelets in the whole ear is larger at 15°C than at 25 °C, viz. 
1.10 cm and 0.94 cm respectively. The average distance of the lowest 5 spikelets shows 

TABLE 4. Average length of the ear and number of flowers per spikelet. 

Length of 
ear 

(in cm) 

Ear length upto 
5th spikelet 

(in cm) 

Number of 
flowers per 

spikelet 

High light intensity in 7 hours of daylength 
Low light intensity in 7 hours of daylength 

Highlight intensity in 17 hours of daylength 
Low light intensity in 17 hours of daylength 

25 °C 
15°C 

19.3 
19.7 

20.4 
18.6 

16.5 
22.5 

6.3 
6.3 

6.8 
5.7 

5.2 
7.4 

7.0 
6.9 

7.9 
6.0 

5.6 
8.2 
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a wider variation, viz. 1.85 cm and 1.30 cm respectively. Here too, the optimal tem­
perature for growth (15°C) has a clear influence on the development of the ear. Like 
in other experiments (KLEINENDORST and SONNEVELD, 1965b) the number of flowers 
per spikelet is favourably influenced by the light intensity in a daylength of 17 hours. 
The temperature also greatly affects the number of flowers per spikelet. This was also 
found by RYLE and LANGER (1963b; 1965) in Lolium temulentum and Lolium perenne 
S 24. At the high temperature the number of spikelets per ear is lower (Table 2), so 
that the total number of flowers per ear is much larger at 15 °C than at 25 °C. 

With the number of shooting laterals (Table 5) it is striking that at 25 °C almost no 
laterals are shooting. The high light intensity in the 7-hours' daylength period as well 
as in the 17-hours' daylength period showed a favourable effect on the number of 
shooting laterals. This may be explained by the lower light intensity having a limiting 
effect on the development of laterals in the pre-treatment in 7 hours of daylength as 
well as in the post-treatment in 17 hours of daylength, because of an insufficient carbohy­
drate supply. Here, like in other experiments (1965b and unpublished), the number of 
spikelets per ear of the laterals is lower (at 15°Cand at25°C, 18.2 and 15.8 respective­
ly) and the date of shooting (after 57 and 29 days) is retarded compared to that of 
the main tillers {cf. Table 2). There is, however, a close correlation between the num­
ber of spikelets of the main tillers and laterals as well as between the date of shooting 
of the same. 

TABLE 5. Average number of shooting laterals per plant, average number of days between the begin­
ning of 17 hours of daylength and shooting as well as the average number of spikelets per ear of the 
shooting laterals. 

Treatment 
Number of 

shooting 
laterals 

per plant 

8.9 
3.1 
3.1 
0.1 

2.0 
0.5 
0.1 
0 

Number 
of 

spikelets 
per ear 

18.4 
17.1 
19.0 
-

16.7 
14.9 
-
-

Number of days 
in 17 hours of 

daylength up to 
shooting 

53 
60 
57 
-

26 
31 
-
-

High-15°C-high 
Low -15°C-high 
High - 1 5 °C - low 
Low - 15°C - low 

High - 25 °C - high 
Low -25°C-high 
High - 2 5 °C - low 
Low -25°C-low 

DISCUSSION 

COOPER (1951) states that after complete vernalization plants of perennial ryegrass 
are ready to be subjected to longer daylengths and higher temperatures to change 
over to the reproductive phase. The growing point elongates and the spikelet primor-
dia are soon visible. BELL (1936), PURVIS and GREGORY (1937) and HANSEL (1949) 
found that after subjecting the plants to a low temperature (vernalization) the elonga­
tion of the growing point is accelerated when the plant is transferred to warmer 
conditions (in short day). This experiment shows the same results (Table 1). The 
elongation of the growing point is associated with a greater number of vegetative 
primordia. SNOW and SNOW (1948) found that each new primordium emerges on the 
next place available on the apex. 

Leaf formation also increases at a higher temperature. New primordia are initiated 
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and leaves formed. In non-vernalized plants the formation of new leaves takes place 
at the same rate as the initiation of vegetative primordia, resulting in the number 
of vegetative primordia remaining the same. Table 1 shows that in both light 
intensities a surplus of vegetative primordia is rapidly formed after transferring to 
higher temperatures, after which it decreases again. At first more primordia are 
initiated than leaves formed. The surplus would presumably decrease to 2-3 primor­
dia, if short day (7 hours) was continued (KLEINENDORST and SONNEVELD, unpublish­
ed). There is, however, a difference between high and low light intensity in 7 hours 
of day light. PATEL and COOPER (1961) and MITCHELL (1953a; 1953b) found in various 
grasses a retardation in leaf emergence in the lower light intensity. According to 
COOPER (1951 ; 1952) the rate of leaf emergence in ryegrasses is correlated to the rate 
of leaf initiation. MITCHELL thinks that the light intensity affects the rate of leaf initia­
tion by its effect on the assimilation rate of the newly emerged leaves and those still 
enclosed. 

Probably more leaf primordia are initiated and leaves formed in a high light inten­
sity than in a low one (Table 1). This could indicate that the surplus of vegetative 
primordia should be the same in both cases, which however does not hold. A reason­
able explanation is that the leaf initiation, though closely correlated to the leaf forma­
tion, in a high light intensity at first takes place at a more rapid rate than leaf forma­
tion. The surplus of vegetative primordia increases with the increasing rate of initia­
tion. On 6/2 the difference in the surplus of vegetative primordia between the high 
and the low light intensity is largest. After that date the difference diminishes again, 
because the formation of laterals may take a great deal of the assimilates in the high 
light intensity, retarding the initiation of vegetative primordia. In the low light inten­
sity the light energy will soon be the limiting factor and the surplus will be reduced. 
Although only few laterals are formed, the assimilates will be needed here in the 
development of the leaves on the main tiller. The above-mentioned changes in the 
growing point, on the one hand, are influenced by the preceding vernalization and, 
on the other hand, by growth and distribution of the assimilates resulting from a 
higher temperature. 

When the plants are then transferred to 17 hours of daylength (in high and low 
light intensity and at 15° and 25°C) another elongation of the growing point takes 
place, caused by induction, increasing the surplus of vegetative primordia. However, 
this elongation is followed by a change-over to the reproductive phase (double-ridge 
stage). There is no evident difference in the surplus of vegetative primordia during 
the change-over to the reproductive phase between the high and the low light intensity. 
Maybe that the difference between leaf initiation and formation during this period 
is the same in both light intensities. 

There was a clear difference in the number of vegetative primordia at the change­
over to the reproductive phase between 15° and 25°C. This difference was however 
brought about by this phase being attained 5 days earlier at 25°C. At the moment of 
transfer to 15° and 25°C the surplus of vegetative primordia averaged 6 (Table 1). 
At 15°C, 4.5 primordia were initiated in 11 days and at 25°C, 2.5 in 6 days (Table 2), 
i.e. one primordium per 2.4 days at both temperatures. This shows there is no differ­
ence in the rate of primordia initiation at 15° and 25°C. Only, the change-over to 
the reproductive phase at 25 °C is earlier than at 15°C, implying that the development 
of the growing point is accelerated by a rising temperature, which may be brought 
about by the higher temperature accelerating the induction in long day. The date of 
shooting was also accelerated at 25 °C compared to 15°C, which means that the 
development of the initiated inflorescence is accelerated also after the double-ridge 
stage by a higher temperature. 
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The length of the ear and the number of flowers per spikelet being larger at 15°C 
indicates that this is not a process of development but one of growth. Here the opti­
mum temperature for growth is important and not the optimum temperature for 
development. 

However, RYLE and LANGER (1963b) did not find a difference in the change-over 
to the reproductive phase between 13° and 24 °C in 16 hours of daylength in Lolium 
temulentum. At both temperatures the plants were with 11 primordia already in the 
double-ridge stage after 3 days. There consequently was no difference in the number 
of spikelets per ear. The date of shooting was however retarded by at least 20 days 
at 13°C, whereas the number of flowers per spikelet was lower at 24 °C than at 13°C. 
Perhaps the rate of induction in Lolium temulentum is not influenced by these tem­
peratures. This suggestion is encouraged because these plants only needed 3 days for 
the change-over to the reproductive phase. The development to shooting was con­
siderably accelerated by a higher temperature, it may be therefore that the optimum 
temperature for this is higher. 

In other experiments of RYLE (1965) with perennial ryegrass S 24 in a daylength 
of 12| hours differences in the number of primordia were found at the change-over 
to the reproductive phase, viz. 12.2 at 23 °C and 15.0 at 13°C. The date of changing 
over to the reproductive phase was also retarded at 13°C. This corresponds to what 
was found in our experiments in 17 hours of daylength. When the daylength was 
increased to 20 hours, the plants changed over to the reproductive phase with the 
same number of primordia at 23 °C and at 13°C, viz. 9.0. The time needed was the 
same at both temperatures, viz. 6 days. The above-mentioned experiments of RYLE 
suggest that the daylength affects the temperature effect. There is as yet no plausible 
explanation for this. 

The treatment of the plants in this experiment deviates widely from the natural 
conditions during the change-over to the reproductive phase. The rapidly changing 
temperature after vernalization to about 18°C in 7 hours of daylength with an imme­
diate transfer afterwards to 17 hours of daylength at 15° and 25°C takes place very 
gradually under natural conditions. The pre-treatment in this experiment, in which 
the plants abruptly receive a temperature of 18°C after vernalization, results in an 
elongation of the growing point, which gradually disappears again if this tempera­
ture and daylength remain constant. Under natural conditions, however, this will 
not take place, because usually a temperature rise in spring is associated to an in­
crease in daylength. The initiated elongation will not therefore disappear, but will 
increase and at a certain moment the daylength will induce the plant to change over 
to the double-ridge stage. The temperature will be an important factor in this. If e.g. 
the temperature is still rather low in the period that daylength no longer is the limit­
ing factor, the change-over to the double-ridge stage will be retarded and the number 
of vegetative primordia will continue to rise. When the change-over to the double-
ridge stage takes place afterwards there will be a larger surplus of vegetative primordia 
and this will result in a greater number of spikelets per ear. In a spring with very high 
temperatures this change-over will take place earlier and will result in less spikelets 
per ear and less flowers per spikelet. 

The degree of vernalization also affects the trend (KLEINENDORST and SONNEVELD, 
1965a) and combined with the above-mentioned will determine the moment of chang­
ing over to the double-ridge stage. The influence of the light intensity is difficult to 
compare with natural conditions. In this experiment the light intensity was constant 
for a period, and therefore either the expression light intensity or total global radia­
tion may be used. Under natural conditions, however, the total global radiation is 
taken into account. Apart from the number of hours of sunshine this increases with 
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the daylength. These experiments do not indicate a direct effect of the light intensity on 
the development of the plant. There is a distinct effect on growth. In the period imme­
diately after vernalization, when the daylength is insufficient, the light intensity does 
influence the initiation of vegetative primordia. It is therefore possible that under 
natural conditions in early spring, when the temperature is rather low still, there 
will be many days with a high radiation. This may stimulate the surplus of primordia, 
a greater number of primordia being present during the change-over to the double-
ridge stage, and consequently a greater ultimate number of spikelets per ear. 

This experiment also showed that in this clone a high temperature affects the devel­
opment in a completely different way than growth. 

It is plausible that the heritable characters, as optimal temperature for growth, 
optimal temperature for development, vernalization requirement as well as the day-
length requirement influence the number of spikelets per ear (reproductive rate of the 
plant). SONNEVELD and EVERS (1955) proved that the late-shooting and widely tillering 
types did not show a decreased tendency for a generative reproduction, they even 
think the plants showed a greater rate of seed formation. It is reasonable to suggest 
that when the external conditions (and management) are optimal for the requirement 
there will be no difference in the reproductive rate of the various types. Under natural 
conditions, however, the conditions in a certain latitude may not always be optimal 
for all characteristics of the various types. 
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Mededeling 316 van het LB.S. 

DE GROEICYCLUS VAN WATERPLANTEN 

With summary 

B. J. HOOGERS 

INLEIDING 

Bij de onderzoekingen van het I.B.S. over de chemische bestrijding van planten­
groei in sloten kwam de wenselijkheid naar voren om de groeicyclus te kennen van 
de soorten waaruit slootbegroeiingen zijn samengesteld. Dit leidde tot een uitvoerige 
studie over dit onderwerp, die nog in volle gang is. Over de daarbij gevolgde metho­
diek en de reeds verkregen resultaten worden hier enkele voorlopige mededelingen 
gedaan. 

De studie beperkte zich tot de natuurlijke groeicyclus van waterplanten in 1-3 meter 
brede sloten, die ten hoogste 80 cm diep waren. Gemiddeld werden de sloten geïn­
ventariseerd over een lengte van 25 m. In verband met de variabiliteit van de be­
groeiing werd de lengte soms groter en soms kleiner genomen. 

Het normale onderhoud van de sloot en van het land waarin de sloot ligt is uiter­
aard van invloed op de slootvegetatie. Bij het onderhoud neemt het schonen een be­
langrijke plaats in. Ook als een sloot niet werkelijk wordt geschoond, worden in het 
voor- of najaar in ieder geval de kanten bijgewerkt. 

Een andere factor is de bemesting. Op grasland wordt normaliter enige malen per 
jaar kunstmest gegeven, tegenwoordig veelal met een centrifugaalstrooier. Zodoende 
komen in de sloot kunstmestkorrels terecht. Stalmest wordt vaak in het weiland opge­
slagen, waardoor plaatselijk het water chemisch en organisch verrijkt wordt. Dit kan 
van grote invloed zijn op de slootflora. Een soortgelijke verrijking kan plaats hebben 
vanuit intensief begraasd grasland door de mest en de urine. 

Tenslotte doen ook kwel en uitmalen hun invloed gelden op de slootvegetatie. 
Veranderingen in de begroeiing die het gevolg zijn van chemische bestrijdingsmid­

delen komen in dit artikel niet ter sprake. 

INDELING VAN DE IN SLOTEN VOORKOMENDE PLANTEN 

Niet alle planten die in sloten problemen kunnen opleveren, behoren volgens SEGAL 
(1965) tot de 'echte' waterplanten of hydrofyten, waarvan hij als definitie geeft: 
'Waterplanten zijn planten die hun gehele voortplantingscyclus kunnen doorlopen, 
indien alle vegetatieve delen ondergedompeld zijn of door het water worden gedragen, 
of planten die normaliter ondergedoken optreden, doch eerst tot generatieve voort­
planting worden geïnduceerd als hun vegetatieve delen afsterven ten gevolge van uit­
droging.' 

Pijl k ru id (Sagittaria sagittifolia L.) is volgens deze definitie geen echte waterplant. 
Deze zg. 'pseudohydrofyt' kan namelijk weliswaar jarenlang ondergedompeld blij­
ven, maar komt dan niet tot bloei. In minder diep water worden echter naast de onder­
gedoken lintvormige ook pijlvormige boven water uitstekende bladeren en bloeisten-
gels gevormd. 
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Evenmin behoren de helofyten tot de echte waterplanten. Helofyten wortelen in 
de bodem, maar de bladeren en de bloeiwijzen steken boven water uit. Voorbeelden 
zijn: r iet {Phragmites communis Trin.), wa t e r t o rk ru id (Oenanthe aquatica (L.) 
Poir.), zwanebloem (Butomus umbellatus L.). 

De waterplanten worden door DEN HARTOG en SEGAL (1964) ingedeeld naar de 
groeivormen. Hieronder is hun indeling in grote lijnen gevolgd. Om praktische rede­
nen zijn echter de lagere meercellige wieren als een aparte groep opgenomen. 

A. RIZOFYTEN, wortelend in de bodem. 
1. Stratiotiden, met 's zomers gewoonlijk grotendeels boven het water uitstekende 

bladrozetten. Voorbeeld: k r abbeschee r (Stratiotes abides L.). 
2. Nymphaeiden, met op de waterspiegel drijvende bladeren. Voorbeelden: gele 

p lomp {Nuphar luteum (L.) Sm.), water le l ie {Nymphaea alba L.), watergen­
t i aan (Nymphoidespeltata (Gmel.) O. Kuntze), drijvend fon te inkru id {Pota-
mogeton nutans L.). 

3. Batrachiiden, met ondergedoken en drijvende bladeren. Voorbeelden: gewoon 
s t e r r ek roos (Callitriche platycarpa Kütz), wa t e r r anonke l {Ranunculus 
aquatilis L.). 

4. Elodeïden 
a. Potamiden, lang uitgegroeide stengels met enkelvoudige ondergedoken bladeren. 

Voorbeelden: wa te rpes t {Elodea Michx.), gekruld fon te inkru id {Pota-
mogeton crispusL.), g lanzig fonteinkruid(P./McensL.), k amfon te ink ru id 
(P.pectinatus L.), t enger fon te inkru id (P.pusillusL.). 

b. Myriophylliden, met ondergedoken fijn verdeelde bladeren. Voorbeelden: 
k r ansvede rk ru id {Myriophyllum verticillatum L.), stijve wa t e r r anonke l 
{Ranunculus circinatus Sibth.), waterviol ier {HottoniapalustrisL.). 

c. C/zam/e« (kranswieren). 
5. Isoëtiden, lange rhizomen, met op de knopen rozetten van priemvormige bladeren. 

Voorbeeld: n aa ldwa te rb i e s {Eleocharis acicularis (L.) R. et Sch.). 

B. PLEUSTOFYTEN, drijvend en/of zwevend, niet in de bodem wortelend. 
1. Lemniden, vrij op de waterspiegel drijvende plantjes. Voorbeelden: b u i t k roos 

{Lemna gibba L.), k lein k roos {L. minor L.), vee lworte l ig k roos {Spirodela 
polyrhiza (L.) Schleiden), g ro te k roosva ren {AzollafiliculoidesLamk.), k roos­
mos {Ricciocarpus natans (L.) Corda). 

2. Riccielliden, zwevende plantjes. Voorbeelden: p un t k r oo s {Lemna trisulca L.), 
wa te rvork je {Riccia fluitans L.). 

3. Hydrochariden, met op de waterspiegel drijvende bladeren. Voorbeeld: k ikker-
beet {Hydrocharis morsus-ranae L.). 

4. Ceratophylliden, zwevende, wat grotere planten. Voorbeelden: g e d o o m d hoorn­
blad {Ceratophyllum demersum L.), gewoon b laas jeskru id {Utricularia vul­
garis L.). 

C. LAGERE MEERCELLIGE WIEREN. Voorbeelden: Vaucheria, Spirogyra, 
Mougeotia, Ulothrix, d a rmwier {Enteromorpha), waternet je {Hydrodictyon 
reticulatum (L.) Lagerheim). 

Tot de echte waterplanten behoren ook de planten die vastgehecht zijn op stenen, 
plantestengels en allerlei voorwerpen. Voorbeeld: b r onmos {Fontinalis antipyretica 
Hedw.). Deze zg. 'haptofyten' zouden vóór de rizofyten geplaatst kunnen worden. 

Een soort is niet altijd duidelijk een rizo- of pleustofyt. Van waterpes t , normaal 
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een rizofyt, worden de stengels in het najaar erg bros. Er breken dan hele spruiten af, 
zodat de plant dan tijdelijk als pleustofyt leeft. Dit geldt ook voor de soms vroeg in 
het voorjaar aan de oppervlakte drijvende en van vele wortels voorziene plantjes 
van de stijve wa te r r anonke l en voor de tijdelijk drijvende overwinteringsorga­
nen of turionen van k r ansvede rk ru id en waterviol ier . 

BIJZONDERHEDEN OVER ENKELE WATERPLANTEN 

Gewoon s t e r r ek roos blijft meestal 's winters groen. Langdurige strenge vorst 
kan de soort echter niet verdragen. 

Wate rpes t kan overwinteren met losse, groene spruiten, maar ook als volledige 
plant. 

Gekru ld fon te inkru id heeft een eenjarige wortelstok. Ook vormt het winter­
knoppen die reeds in het najaar tot flinke planten kunnen uitgroeien en zo de winter 
ingaan (CLASON, 1964). Op 20 oktober 1965 zijn vele plantjes van gekruld fontein­
kru id in een kleisloot te Wageningen waargenomen. Twee maanden later was de 
massa ongeveer verdrievoudigd. 

Kam fon te inkru id heeft behalve een lange wortelstok ook knolletjes waaruit de 
soort zich in het voorjaar ontwikkelt (CLASON, 1964). 

Tenger fon te inkru id vormt winterknoppen (CLASON, 1964). 
K ransvede rk ru id vormt na de bloei gedrongen spruiten of turionen waarmee 

het overwintert. Deze raken in het najaar los van de afstervende stengel, drijven eerst 
enige tijd op het water en zakken dan naar de bodem. Vroeg in het voorjaar komen 
deze turionen weer aan de oppervlakte, groeien dan uit, vormen wortels, zakken ver­
volgens weer naar de bodem, hechten zich vast in het bodemslik en ontwikkelen zich 
tot volwaardige planten. 

Stijve wa t e r r anonke l ontwikkelt in de oksels van de bruin kleurende afster­
vende bladeren winterknoppen, die reeds in de nazomer ontkiemen en 's winters 
frisgroene uitlopers vormen met lange wortels. Vroeg in het voorjaar kunnen de van 
de moederplant losgeraakte plantjes aan de oppervlakte komen. Later zinken ze weer 
en wortelen dan in de bodem. 

De vegetatieve ontwikkeling van bu i tkroos gaat tot laat in het najaar door. Aan 
de onderzijde worden naast de normale ook kleinere, groen gekleurde schijfjes uit­
gestoten, 's Winters worden vaak naast de grote veel kleine schijfjes aan de oppervlakte 
van het water aangetroffen. 

Zowel bult- als veelwortelig kroos vormen in het najaar wortelloze donker 
gekleurde schijfjes die naar de bodem zinken. Ze kiemen in het voorjaar en komen dan 
aan de oppervlakte, waar ze zich tot volwaardige plantjes ontwikkelen. 

Puntkroos kan op de bodem overwinteren, maar ook wel drijvend aan de opper­
vlakte. 

Van krabbescheer steken 's zomers de bladrozetten grotendeels boven water 
uit. Er kunnen echter ook volwassen planten op de bodem blijven liggen. Beroeps­
vissers spreken dan wel van 'zachte kaarde' vanwege het slappe blad. In het najaar 
sterven boven de oppervlakte uitstekende delen van de bladeren der drijvende rozetten 
af en rotten de lange wortels weg. Meestal zinken de rozetten en overwinteren op de 
bodem. In het voorjaar groeien de vóór of nâ de winter gevormde uitlopers met de 
jonge rozetten in aanleg uit ten koste van de oude, die nu afsterven. Er overwinteren 
op de bodem echter ook jonge, maar vóór de winter reeds volwassen planten, die in 
het voorjaar verder uitgroeien. Vaak valt het op, dat oude planten van krabbescheer 
vroeg in het voorjaar vol zitten met de groenwieren Chaetophora elegans (Roth) 
Agardh en C. incrassata (Hudson) Hazen, terwijl de jonge planten schoon zijn. 
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Gewoon blaasjeskruid vormt in het najaar dikke, ronde turionen (overwinte-
ringsspruiten) die op de bodem zinken. 

In dit artikel wordt de nadruk gelegd op de vegetatieve ontwikkeling van de water­
planten. De generatieve voortplanting kan vooral bij dePotamogetonaceae (fontein­
kruiden) een rol van betekenis spelen. 

HET INVENTARISEREN VAN SLOOTBEGROEIINGEN 

Om de groeicyclus van een soort in een gemeenschap van waterplanten te leren 
kennen, moeten min of meer homogene slootvegetaties niet alleen het gehele jaar door, 
maar ook enkele jaren achtereen in hun ontwikkeling gevolgd worden. Dit is gebeurd 
in een groot aantal sloten in de omgeving van Wageningen, in de Betuwe bij Opheus-
den, Kesteren en Lienden, in het Land van Maas en Waal bij Boven Leeuwen, in 
Friesland bij Heerenveen, in de Krimpenerwaard bij Berkenwoude, in de Lopiker-
waard bij Willige Langerak en in de Eempolder. 

Hierbij worden de aanwezige soorten vermeld in de op blz. 32 gegeven volgorde. 
Van elke soort wordt de bedekkingsgraad geschat in procenten en uitgedrukt in de 
volgende schaal : 

- = niet aangetroffen/wo? present 4 = 35- 45 % 
: = minder dan 1 %/below 1% 5 = 45- 55 % 
+ = 1- 5% 6 = 55- 65% 
1 = 5-15% 7 = 65- 75% 
2 = 15-25% 8 = 75- 90% 
3 = 25-35% 9 = 90-100% 

Deze schaal is geheel samengesteld uit enkelvoudige symbolen, die zich gemakkelijk 
in een tijd-tabel laten verwerken. Zo'n tijd-tabel is als volgt ingedeeld: Bovenaan zijn 
de maanden van het jaar aangeduid met hun beginletter. Daaronder komen de bedek­
kingsgraden van de soorten, die links zijn vermeld. Voor iedere soort geeft dus een 
horizontale rij symbolen de ontwikkeling in de loop van het jaar aan. Normaal wordt 
er per maand één cijfer gegeven. Wordt er in een maand niet waargenomen, dan blijft 
de desbetreffende plaats open. Bloei wordt aangeduid door het symbool vet te druk­
ken. Een schoningsbeurt wordt aangegeven door een verticale streep of door een 
'-teken. Dit geeft dus aan dat de normale ontwikkeling van de vegetatie verstoord is. 

Waterplanten kunnen in verschillende lagen voorkomen, op de bodem, aan de 
oppervlakte en daar tussenin. Tn al die lagen kan per soort in een sloot een bedekkings­
graad van 9 worden bereikt. Het kan dus zijn, dat de som der bedekkingsgraden de 
100% (of het cijfer 9) ver overschrijdt. 

BESPREKING VAN ENKELE RESULTATEN 

Hieronder worden de belangrijkste resultaten van dit onderzoek besproken aan de 
hand van een aantal tijd-tabellen. Daarin zijn in de regel alleen de soorten opgenomen, 
die in de loop van het seizoen met meer dan een + werden gehonoreerd. 

Hottonia palustris (tabel 1) bepaalt volledig het aspect van deze slootvegetatie ge­
durende de winter en het vroege voorjaar. In juni, vlak voor de eerste schoning, gaat 
Hottonia sterk achteruit en neemt Callitriche platycarpa belangrijk toe. Schoning in 
die periode zal Hottonia dan ook moeilijk verdragen. 

Opvallend is het afwisselend massaal optreden van de draadwieren Ulothrix, Mou-
geotia en Spirogyra. Pas na de eerste schoning ontwikkelen zich Lemna trisulca, L. 
gibba en Spirogyra. 

In tabel 2 zien we dat Hottonia zich later ontwikkelt dan in de vegetatie van tabel 1 
en ook langer stand houdt, terwijl Elodea aanvankelijk achteruit gaat. Na de eerste 
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