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Summary 

Results are presented of experiments on the effect of tiller manipulation on photo­
synthesis of ryegrass leaves. 

It was demonstrated that defoliation and shading of the axillary tillers of vegetative 
plants stimulated leaf photosynthesis of the main shoot to the high level charac­
teristic of leaves from reproductive plants. This high photosynthesis coincided with a 
lower stomatal and internal diffusion resistance and a lower content of soluble 
carbohydrate, suggesting that these stressed tillers function as sinks for assimilates. 

From these results and from literature it was concluded that the lack of sinks and 
the poor light penetration into the region of leaf development in the crop are the 
major causes of the poor production of vegetative grass crops in late summer and 
autumn and some suggestions are made to improve dry matter production during this 
period. 

Introduction 

Grass production in the Netherlands and many other temperate regions is low during 
the second part of the growing season. It is not only lower than in spring but it also 
lags behind the productivity calculated on the basis of the solar irradiance (Alberda 
and Sibma, 1968) and coincides with a lower crop photosynthesis (Alberda, 1974; 
Leafe, 1972; Leafe et al., 1974). Since the crop is reproductive in spring and 
vegetative in the latter part of the season these differences in production and photo­
synthesis coincide with differences in the stage of development (Leafe et al., 1974; 
Behaeghe, 1974). This was also apparent in an experiment in late summer with 
Westerwolths ryegrass which showed a high rate of crop photosynthesis and a high 
production rate during stem elongation, whereas in the same experiment vegetative 
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grasses showed lower photosynthesis and production (Deinum, 1972, unpublished 
data). 

These differences appeared more closely related to individual leaf photosynthesis 
at light saturation than to crop structure, so it was suggested that the low photo­
synthesis of leaves in vegetative grass was the major cause of poor grass growth in 
late summer. Consequently the question arises whether photosynthesis is inherently 
low in the vegetative grass crop or whether it can be manipulated. 

In this respect it may be suggested that the high photosynthesis in a reproductive 
crop is caused by the high demand for assimilates in the elongating stem and the 
growing inflorescence, whereas in late summer the vegetative tiller has no such 
demand, and is transferring assimilates not necessary for maintenance only into fur­
ther leaf growth. If this is true, then photosynthesis might be stimulated by creation 
of additional sinks. Axillary tillers may be regarded in this way: they depend on the 
mother shoot during formation, but become progressively independent during their 
development, although the link between the two remains intact. So when one of the 
two is put under a stress the other is able to supply the stressed tiller with the es­
sential nutrients (Clifford et al., 1973). That such a stressed tiller can be a sink for 
assimilates is shown by Gifford & Marshall (1973) who found that leaf photo­
synthesis of the main shoot was increased by defoliation of the other tillers. 

To test this hypothesis further and to see whether the low demand for assimilates 
is the real reason for a smaller dry-matter production in late summer three experi­
ments were performed of which the results are presented in this paper. 

Materials and methods 

Experiment 1. Effect of tiller manipulation on photosynthesis of leaves in controlled 
conditions 
On 18 December 1974 seeds of Lolium multiflorum cv. Milamo were sown in 5-litre 
plastic pots, filled with sandy soil, and placed in a temperature-controlled green­
house at 15 °C. After emergence plants were thinned to 5 per pot. Pots were kept 
well watered and adequately supplied with mineral nutrients. 

Plants received about 80 % of natural daylight supplemented with artificial light 
from HPLR-mercury lamps during 16 hours in such a quantity that average radiation 
was about 1000 J cm 2 day 1 (400 -1000 nm). 

Tillers were growing very prostrate in these conditions. Axillary tillers were cut 
to about 1 cm length at weekly intervals, and dying leaves on the main shoot were 
removed as well, leaving the rest of the main shoot intact. Two, one and zero weeks 
(treatment D, C and B, respectively) before the onset of photosynthesis measurement 
this cutting was stopped giving main shoots with long, medium and short tillers 
at the start of the measurements. In addition, in the treatment of medium tiller length 
the axillary tillers were placed in darkness by placing a black plastic pot upside 
down over the tillers with the main shoot protuding through a small hole (treatment 
A). Measurement of photosynthesis on the youngest fully expanded leaf of five main 
shoots per treatment were made daily for 4 consecutive days from 11-14 February. 
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The same procedure was repeated 3 weeks later. Treatments are summarized in 
Table 1. 

Experiment 2. Effect of tiller manipulation on photosynthesis of leaves in spaced 
plants in the field 
This experiment was carried out to investigate whether the plants in the field would 
react in the same way as those in the glasshouse. It consisted of two groups of plants 
of Lolium multiflorum cv. Milamo. Seeds of one group were sown in Jiffy pots 
(size 7) and allowed to emerge in a greenhouse at about 15 °C, after which they were 
placed at 4 °C and 8 h daylength for 6 weeks to induce vernalization. Eight weeks 
later the second group of seeds was sown in similar pots and kept in the same green­
house continuously to prevent vernalization. Both groups were planted in the field 
on 24 April 1975 at 50-cm centres. The field was fertilized adequately and in dry 
weather it was irrigated. Plants were growing very prostrate again in this experiment. 
On 2 June the treatments as described in Table 1 were established. In this case the 
treatment with the long tillers in darkness (treatment E) was effected by placing a 
light tight highly reflecting mylar foil over the plant with the main tiller protuding 
through a small hole. Photosynthesis measurement were made on the youngest fully 
expanded leaf of four to five main shoots per treatment on 13 consecutive working 
days from 4 June until 20 June. The results of the weekly averages per treatment of 
9-13 June and 16-20 June will be presented. 

Table 1. Description of the treatments in the three experiments. 

Code Tiller description 

Experiment 1 
A 6-12 cm axillary tiller length, grown in darkness 
B 0- 6 cm axillary tiller length, grown in the light 
C 6-12 cm axillary tiller length, grown in the light 
D 15-20 cm axillary tiller length, grown in the light 

Experiment 2 
A Vernalized, but not yet elongating main shoot with long axillary tillers, grown in the light 
B Vegetative main shoot with 0-4 cm long axillary tillers, clipped frequently, grown in the 

light 
C Vegetative main shoot with axillary tillers only clipped on 2 June, and then allowed to 

regrow undisturbed in the light 
D Vegetative main shoot with long axillary tillers, grown in the light 
E Vegetative main shoot with long axillary tillers, grown in darkness 

Experiment 3 
A Crop left intact 
B Individual plant with 0-4 cm axillary tillers, clipped frequently, grown in the light 
C Individual plant with axillary tillers only clipped on 8 September and allowed to regrow 

undisturbed in the light 
D Individual plant with long axillary tillers in the light 
E Individual plant with long axillary tillers in darkness 
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Experiment 3. Effect of tiller manipulation on photosynthesis of leaves in a grass 
crop in autumn 
This experiment was carried out to see whether the phenomena found in the former 
experiments were also present in a pasture under conditions in which poor grass 
production is found. 

A vegetative grass sward of a permanent pasture on a clay soil consisting for 
about 95 % of Lolium perenne was fertilized and irrigated abundantly at the begin­
ning of August 1975 to encourage maximum growth. On 8 September, when a crop 
of erect tillers of about 3000 kg dry matter per ha was present, the different treat­
ments were established, as described in Table 1. In treatment 'A' the crop was left 
intact. In the remaining treatments, plots with individual plants at about 5 per m2 

were produced by clipping the neighbouring grass to ground level. Measurements of 
photosynthesis of youngest fully expanded leaves were made daily on 4 to 5 main 
shoots per treatment on 14 consecutive work-days from 9 to 26 September. The 
weekly averages of 15-19 September and 22-26 September will be presented. 

Measurement of photosynthesis 
In all cases, net photosynthesis was measured on the youngest fully expanded leaf 
attached to the main shoot. Transpiration was measured as well, so gas phase 
(ra + rs) and internal resistance (r;) could be calculated. Gas phase resistance was 
calculated as the boundery layer (ra) plus stomatal resistance (rs), as described by 
Gifford & Marshall (1973). 

Photosynthesis and transpiration of the leaves was measured in an open system 
of long narrow leaf chambers. C02 exchange was measured with an URAS infrared 
gas analyser and transpiration with an Aqmel dewpoint hygrometer. C02 content of 
the ingoing air was maintained at about 320 cm3/m3 and water content was some­
what below that of outside air. Light intensity was measured with a Kipp solarimeter 
and leaf temperature with a copper-constantan thermocouple pressed against the 
lower side of the leaf. Since air temperature inside the small leaf chambers was not 
controlled, leaf temperature sometimes reached 30 °C in Experiment 2. Data were 
recorded on strip-chart recorders and cassette tape which was processed by com­
puter. 

In Experiment 1 where the pots with the plants were moved to the laboratory, 
photosynthesis was measured at a light intensity of about 40 and 160 W/m2 (400-
700 nm) from a bank of SON and HPI lamps (average leaf temperature being about 
20 and 23 °C, respectively). In the experiments in the field, measurements were 
done in situ at natural light intensity supplemented with light from HPLR 400 W 
lamps in cloudy periods to ensure light saturation. 

Results 

Experiment 1 
The results of the two series of measurements are presented in Table 2. They show 
that photosynthesis of the youngest fully expanded leaf of the main shoot in intense 
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Table 2. Effect of tiller manipulation on photosynthesis (kg CfUO/ha/h) (phot.) at 40 and 160 W/m2 

(400-700 nm), and resistances ra + rs and n (s/cm) of the youngest fully expanded leaf of the main 
shoot in the greenhouse. 

Tiller length First series Second series 

40 W/m2 160 W/m2 40 W/m2 160 W/m2 

phot. 
phot. 

phot. 
phot. 

phot. 
phot. Ta + Ts ri 

phot. 
phot. ra + rs n 

A Medium (dark) 10.6 19.4 2.50 3.06 8.9 16.8 2.61 3.94 
B Short 9.8 19.3 2.49 3.22 8.6 12.5 3.63 5.37 
C Medium 9.4 15.9 3.30 3.74 8.8 11.4 4.50 5.28 
D Long 8.9 12.2 4.87 4.66 7.5 8.9 7.00 6.38 

Significant difference* 0.61 1.05 0.32 0.25 0.66 1.19 0.76 0.80 
Reproductive 18.0 3.05 3.47 

* According to Duncan's multiple range test. 

light is greater when that shoot is accompanied by short tillers than by long tillers. 
Moreover keeping tillers in darkness stimulated photosynthesis of main shoot leaves 
as well. With long tillers, photosynthesis was at about the level of vegetative grass 
in the field, so these tiller manipulations could enhance leaf photosynthesis of these 
vegetative main shoots to the level of reproductive tillers (data collected in the same 
period from some vernalized plants) or even higher. 

These higher rates of photosynthesis coincided with both a lower gas phase 
resistance (ra + rs) and. a lower internal resistance (r;). Goudriaan & van Laar 
(1976) have suggested that r; is decreased by the greater demand for assimilates and 
ra + rs by the lower internal C02 concentration. They found that the plants strive 
for a constant internal C02 content, so lowering the gas phase resistance and pre­
venting C02 depletion in case of high C02 demand. 

These results were found at light saturation; at the low light intensity of about 
40 W/m2 there were only minor differences between the treatments. This indicates 
that the photochemical processes in the leaves proceed at a normal level (Gaastra, 
1959), and are hardly affected by the tiller manipulations. The plants with long 
tillers exhibited only a small increase in main shoot photosynthesis from 40 to 
160 W/m2, in contrast to those in which tillers were shorter or had been kept in the 
dark where the rate of photosynthesis was increased by 50 to 100 %. This might 
suggest that inhibition of photosynthesis by end-products is more effective at high 
than at low light intensity. 

Experiment 2 
The results of the experiment on spaced plants in the field, presented in Table 3, 
show good agreement with the results found in the glasshouse in Experiment 1. 

The effects developed in the first week after the treatments were applied and 
continued to develop during the second and the third week. The greatest increase 
in photosynthesis occurred in plants on which the greatest stress on the tillers had 
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Table 3. Effect of tiller manipulation on photosynthesis (kg ŒhO/ha/h) (phot.) resistances ra + rs 

and n (s/cm) and water soluble-carbohydrate (wsc) content (% of dry mass) of the youngest fully 
expanded leaf of the main shoot at light saturation in summer 1975. 

Treatment and tiller 9-13 June 16-20 June 
length (applied 2 June) 

phot. ra + rs n %wsc phot. ra + rs ri %wsc 

A Vernalized plant 15.0 3.84 5.19 20.5 18.1 3.58 3.58 28.8 
B Short 24.4 1.80 2.81 16.0 22.7 2.50 2.99 18.3 
C Short -»• long 21.5 2.20 3.08 14.5 18.2 3.52 3.27 23.3 
D Long 16.4 3.02 4.25 18.8 17.0 3.65 3.84 29.9 
E Long in darkness 21.7 2.16 3.11 17.9 19.8 3.11 3.04 18.4 

Significant difference* 2.04 0.46 0.64 2.06 0.47 0.76 

* According to Duncan's multiple range test. 

been imposed by repeated cutting. It also appeared that this improvement diminished 
when the stress decreased, as in treatment C which had longer tillers in the third 
than in the second week. 

Unfortunately stem elongation had not yet occurred in the vernalized plants when 
measurements were made, so it is not surprising that they established the same 
photosynthesis as the non-vernalized plants with the long axillary tillers. 

The data on the water-soluble carbohydrate content show a fair negative correla­
tion with photosynthesis, which agrees with the data of Behaeghe (1975) who found 
higher growth rate and lower soluble carbohydrate contents in vernalized than in 
non vernalized Lolium perenne and Dactylis glomerata. This may suggest that a 
high soluble-carbohydrate content inhibits photosynthesis, but it is more likely that 
in the untreated plants both the lower photosynthesis and the higher soluble-
carbohydrate content are the result of a smaller demand for assimilates. 

Experiment 3 
The results of this experiment are presented in Table 4, which shows that only in 

Table 4. Effect of tiller manipulation on photosynthesis (kg CH20/ha/h), resistance ra + rs, n (s/cm) 
and water-soluble carbohydrate content (%wsc) of the youngest fully expanded leaf of the main 
shoot at light saturation in autumn 1975. 

Treatment and tiller 
length (applied 8 Sept). 

A Heavy crop 
B Short 
C Short -> long 
D Long 
E Long in darkness 

Significant difference* 

15-19 September 22-26 September 

phot. ra + r, ri %wsc phot. ra + rs ri %wsc 

11.0 4.25 8.05 24.9 7.6 6.29 11.15 21.9 
12.8 3.31 6.20 24.0 15.2 3.56 4.51 23.7 
12.6 3.83 6.13 23.7 14.0 4.12 5.28 25.5 
11.9 3.53 5.77 26.4 12.7 4.29 5.72 26.4 
13.7 4.31 7.00 27.2 16.7 3.16 4.78 22.6 

1.81 0.63 1.69 1.38 0.73 1.22 

* According to Duncan's multiple range test. 
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the 3rd week after establishment of the treatments significant effects were found. 
This is not surprising since the plants were almost without axillary tillers in this well 
fertilized and well irrigated field and the measured leaves still had been formed in 
sward conditions. Since those tillers were not present they could not be put under 
clipping stress and so photosynthesis could not be enhanced. However in the third 
week some enhancement of photosynthesis of the youngest fully expanded leaf was 
found. Presumably this was because in the spaced plant position the shoots had 
formed some tillers which were clipped or exposed to darkness, and the measured 
leaves were formed in brighter conditions. The data on net photosynthesis of the 
leaves in the crop position were the lowest, possibly because they were developed 
in a poor light environment as was found by Leafe et al. (1974) and Prioul et al. 
(1975), and they agree very well with those of former trials in autumn (Deinum, 
1972; 1973; unpublished data). As in Experiment 2 there was a fair negative re­
lationship between photosynthesis and % water-soluble carbohydrate in the spaced 
plants during this week. Of course, the leaves from the crop did not fit in this 
relation: they were lower in soluble carbohydrate since they were exposed to lower 
light intensity due to mutual shading before the photosynthesis measurement. 

From the results of this experiment it is clear that in autumn as in summer, leaf 
photosynthesis can be improved appreciably, and even doubled, by manipulation of 
environmental conditions and by putting a stress on the axillary tillers. 

Discussion 

The results of these experiments agree very well with those of Gifford & Marshall 
(1973) with spaced plants of Lolium multiflorum, in which defoliation of axillary 
tillers stimulated photosynthesis of the young and older leaves on the main shoot. 
However, unlike to our experiments, this better photosynthesis was only attributable 
to a lower stomatal resistance. These results also agree with those of Davies (1974) 
who found hardly any negative effect of partial defoliation on relative growth rate. 
Apparently the remaining leaf area was sufficiently capable of supplying the plant 
with the sufficient assimilate to maintain growth rate. 

There is also a good agreement with the results of Woledge (1973) and Woledge 
& Leafe (1976) who found that in a vegetative grass crop in summer and autumn, 
maximum photosynthesis of the youngest adult leaf declined with the age of the 
crop, but remained almost constant in spaced plant conditions. Photosynthesis at 
light saturation might even improve if plants were changed from crop to spaced 
plant conditions. The same is apparent from Table 4, which shows that leaf photo­
synthesis in the crop situation was much lower in the third than in the second week, 
whereas in the spaced plant condition the reverse occurred. This low photosynthesis 
in the heavy crop may be caused by the poor conditions during development of the 
leaf and the high photosynthesis in spaced plant by better conditions during leaf 
development and the greater demand for assimilates. This explains also the results 
found in Dactylis glomerata in the USA (Deinum, 1968), which show low levels of 
photosynthesis in young leaves of an old crop but extremely high levels in the first 
developed leaves of the regrowth after cutting. 
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One might suggest that the light environment of the main shoot improved by 
defoliation of the axillary tillers and so enhanced photosynthetic capacity of the 
developing leaves on the spaced plants. However light intensity during the experi­
ments was so high and mutual shading of the tillers so small that light intensity at 
the plant base hardly can be increased. 

All these data indicate that photosynthesis can be modified appreciably, whereas 
the rather large standard errors (viz. significant differences) denote the great intra 
plant variation in photosynthesis in our experiments. This may be caused by a great 
phenotypic variation in root and stubble weight and in the profuseness of tillering. 
In relation to research on the improvement of photosynthesis, this suggests that 
variability may be caused by variability in demand for assimilates. Stems and in-
floresences can function as a sink and if a grass crop should produce stems and 
infloresences not only in spring, but also later in the season it may be possible to 
obtain higher yields. Moreover light is penetrating better into the lower regions 
where leaf development is occuring in such crops. Thus the high yield Cooper (1972, 
personal communication) obtained from two genotypes is possibly due to their stem 
formation in both the first and the second cutting. 

Root and stubble can also function as a sink for assimilates. Thus Darwinkel 
(1976) found that a newly sown grass was more productive than an old sward, as a 
result of a much greater production of stubble and root. So with a smaller quantity 
of leaves a greater amount of dry matter was produced in the new sward. 

Woledge's experiments and ours suggest that there is potential for higher photo-
synthetic capacity in grass leaves in vegetative crops in the autumn. This potential 
could be exploited by the creation of sinks, for example stems. If such stems are 
formed then light penetration into the crops is improved, and consequently photo-
synthetic capacity of the leaf. Higher yields may then be attained, but it is certain 
that such a sward will need a longer regrowth period since the growing points will 
be removed by cutting and grazing. Moreover it may be less persistent and more 
susceptible to investations by weeds. In addition stems are not favoured in ruminant 
nutrition since they are less digestible and less palatable especially when old. 

Another possibility for a greater utilization of available solar radiation in late 
summer and autumn might be found in crops in which the stems have a large storage 
capacity for soluble carbohydrates as in sugar cane and maize. Such crops may need 
the whole growing season for maximum yield, and hence will not be suitable for 
grazing. 

So in conclusion it can be stated that the poor production of a grass crop in late 
summer and autumn is a concommitant of low photosynthetic efficiency of the in­
dividual leaves which in turn is caused by a small demand for assimilate and by 
unfavourable conditions during leaf development. Thus, although it is possible, by 
tiller manipulation, to increase leaf photosynthesis in vegetative grass crops in the 
autumn, it is not clear at the present time how these findings can be used in farm 
practice to increase herbage production. 
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