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1 INTRODUCTION 

Most agricultural crops grow undisturbed for a certain period. Either they are 
harvested at the end of their life (e.g. small grains) or harvesting terminates their 
life (e.g. sugar beets). 
Herbage crops, however, differ from these in two respects. Not only is most of the 

photosynthesizing tissue removed, but this process is usually repeated several times 
during the growing season. Moreover, the plants that remain at the end of the season 
must be in a sufficiently good condition to withstand the winter and to be in as good a 
state next spring as they were the previous year. 
It will therefore be readily appreciated that the method of harvesting not only affects 

the grass crop obtained at that time, but also the subsequent growth and production 
at following harvests. 
This removal of herbage may result in more or less complete defoliation. A greater 

amount of herbage will be harvested from hard defoliated grasses, but at the same 
time these plants will be left with a very small portion of assimilating material. 
Compared with a less severe treatment, lower production can be expected during a 
subsequent growth period. 
In other words, the height of defoliation has a negative influence on total amount 

of herbage removed, but a positive influence on subsequent herbage production. Since 
these effects are contrary, it would be interesting to know their relative importance 
and fluctuations so as to be able to determine what height of stubble left after harvest­
ing will yield the maximum amount of herbage for an extended period. 
Since the growing season is of limited duration, an increase in the number of harvests 

will mean a shorter growth period between subsequent cuts. 
Thus the total seasonal yield depends on two factors : the number of harvests and 

the herbage production at each harvest, which have an opposite effect on each other. 
In studying the effects of harvesting on herbage production both the height and 

frequency of harvesting have to be taken in consideration and a winter season should 
preferably be included. 
Before describing the procedure employed in the present experiments, it would seem 

advisable to make a brief comparison of the two different ways of harvesting in 
practice, viz. mowing and grazing. Mowing is the practice of cutting a grass with 
the aid of a certain instrument or machine ; this can be directly related to our cutting 
experiments. 
In grazing a new element is introduced, the animal. MCMEEKAN pointed out (75) 

that efficiency of conversion of pasture to animal products depends on three basic 
factors: 
a. The amount, quality and seasonality of the pasture crop; 
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b. The proportion of this crop actually harvested by the animal; 
c. The efficiency of conversion within the animal of the fodder consumed. 
Of all these three points only the first two are related to the grass output dealt with 

in the present work. 
Following VOISIN'S definition (110) grazing is the "meeting of the animal and the 

pasture". The grazing system is therefore the way in which these meetings are ar­
ranged. 
There are three main grazing systems: continuous, rotational and strip-grazing. All 

these different systems consist of a number of grazing periods of a certain length 
intercalated in other regrowth or resting periods. They can therefore be defined by 
the values of the following variables : 
1. instantaneous stocking rate ; 
2. length of the grazing periods ; 
3. length of the resting periods. 

Grazing system 

Continuous 
Rotational 
Strip 

Inst.stock.rate 

light 
heavy 
very heavy 

Length of the 

Grazing period 

the season 
1-7 days 
4-1 days 

Resting period 

0 
15-45 days 
15-45 days 

Instantaneous stocking rate is the number of animals grazing per unit of surface at 
any given time. The result of multiplying this instantaneous stocking rate by the 
length of the grazing period has been termed the grazing intensity (110). 
This grazing intensity determines the height of the stubble left when animals are 

moved to another paddock. For this reason results obtained by cutting can also be 
referred to grazing practices. But plant defoliation is not the only effect produced by 
grazing animals. There are additional losses due to fouling by excreta, trampling and 
poaching, particularly in wet weather. However, there seems to be a close correlation 
between production under clipping and grazing, as was found by BRYANT and BLASER 

(30) who compared yields and stands of orchardgrass under clipping and grazing 
with different defoliation intensities. Higher yields were obtained under clipping than 
under grazing. 
It seems therefore, that on the whole the reaction of the grass plant to grazing seems 

comparable to the effect of cutting. 
In view of all this the purpose of the following series of experiments was to compare 

the effects of different heights and frequencies of defoliation both under indoor and 
field conditions. The indoor experiments make it possible to vary several internal and 
external factors, and the field experiments were performed to compare results with 
those obtained under controlled conditions and to do some preliminary work on the 
effect of the winter season. 



REVIEW OF THE LITERATURE 

2.1 DEFOLIATION AND GRASS PRODUCTION 

A classification of herbage species was made by KLAPP (62, 63) who gave a list of 
14 species from the least to the most resistant to clipping. Dactylis glomerata and 
Lolium perenne were placed seventh and thirteenth respectively in this list. KLAPP 

suggested that this resistance to defoliation is related to the botanical characteristics 
and growth habit of the species. 
It has been repeatedly found (4, 37, 78, 80) that cutting reduces the rate of tillering 

and dry matter production in comparison with undefoliated plants. These experiments 
were usually carried out with single plants and for short periods of time. Most proba­
bly the plants in these experiments never suffered from a lack of nutrients and water 
or from mutual shading, unlike the sward conditions and long periods (50, 61) in 
which the uncut plants failed to produce the maximum amount of herbage. 
But if repeated cutting is necessary in practical farming for good grass production 

the problem is, how intense and frequent should such cutting treatments be. 
When regrowth was studied after a single defoliation the greatest production was 

found in plants cut highest (BURKE and WOOD, 32; HARRISON and HODGSON, 48; 
MITCHELL and COLES, 81). 

BAKER (14), working on Lolium perenne, found that the reduction in herbage weight 
in the field caused by a single defoliation tended to disappear after a time, but that 
the difference increased when plants were cut several times. 

JOHNSON and DEXTER (56) found that in quack grass 6 inches was the optimal cutting 
height in a repeated cutting experiment (heights ranging from ground level to 8 inches), 
but that after the first cut a height of 3 inches was the best. 
Thus the effect of a certain clipping height is altered by repeating the process. 

Moreover, when a certain range of intensities is studied, the optimal cutting height 
depends on the length of the experimental period. 
Some field experiments with single plants cut repeatedly indicate the preference of 

a lenient treatment (CRIDER, 37; STAPLEDON and MILTON, 103). 
When experiments were carried out under sward conditions and the treatments 

repeated for a certain time the most diverse and contradictory conclusions were ob­
tained. 
Increases in herbage production were found with increases in cutting height by 

AHLGREN (1), GRABER and REAM (45), JACQUES and EDMOND (54), JÄNTTI and HEI­

NONEN (55), JUSKA and HANSON (58) and WRIGHT (130). BROUGHAM related the pasture 
growth to the leaf area index (leaf area per unit area of ground) and in a 9-week 
regrowth period found an increasing rate of herbage production (21) which became 



constant some 3-4 weeks after the initial cutting. This period of constant rate of 
production seems to coincide with total light interception. When the grass was cut 
to 1, 3 and 5 inches (22), both the complete light interception and the maximal and 
constant herbage production rate were reached respectively 24, 16 and 4 days after 
cutting. In a more extensive research it was postulated (24) that erect growing plants 
have a higher optimal height of defoliation than prostrate ones, so that the latter are 
able to tolerate a more severe clipping treatment. This was also dependent on the 
time of the year in which the cutting treatments were carried out (25). 

In an experiment on repeated cutting HIROSE and coworkers concluded (50) that 
3-4 mowings per year was the best treatment, the optimal cutting height for cocksfoot 
being 9-12 cm and for perennial ryegrass 6-9 cm. HUOKUNA (52), working with 
cocksfoot, obtained inconsistent results which may be explained by considering the 
frequency of cutting in each case. He suggested that for each species there is a definite 
minimum height of stubble which can be left after cutting without any damage to the 
plants; the best average cutting height seems to be the 4-5 cm. 

BURGER et al. (31) and BRYANT and BLASER (30) found a decrease in yield when the 
cutting height was raised. 
In all these experiments it should be noted that the intervals or range of intervals 

used between cuts were different (52). 
A diversity in results was also found when studying the effect of cutting frequency 

(length of the interval). TYLER and ELLIS DAVIES (109) obtained more forage pro­
duction from three cuts a year than from two cuts with lucerne and lucerne/grass 
mixtures. In some cases a certain frequency of cutting intermediate in the range used 
was found to be more efficient (HIROSE and co-workers, 50 ; KENNEDY and RUSSELL, 61). 
However, on this question the majority of authors report that the longer the re-

growth interval the higher is the production obtained (CARTER and LAW, 33 ; CHAMBLEE 

et al, 34; GERNERT, 43; GRABER et al, 44; HIEPKO, 49; JAQUES and EDMOND, 54; 

PARSONS and DAVIS, 84; PETERSON and HAG AN, 87). 

It should be realised that most experiments were clipping experiments. It can hardly 
be assumed that grazing after such very long intervals would give the best cattle 
productions since under such conditions losses from trampling, etc., would increase 
to high values. Moreover, it is a well-known fact that the quality of grass decreases 
with the stage of growth, owing to the lower protein content (ARMSTRONG, 13) and 
lower digestibility of the organic matter (MINSON et al, 77). 
It is therefore postulated that all these disparate results are primarily due to the fact 

that every research worker used his own species or mixture. This creates differences 
in rate and habit of growth which are further complicated by the unequal adaptation 
of the different cultivars to the environment. 
Secondly, both climatic and soil conditions were very diverse. Moreover, fertilizer 

treatment might have a considerable influence on the results. Some research workers 
even state that the results reported were only found under certain fertilizer treatments 
(116) or in certain years when the experiment was carried out (37, 61, 87, 103). In 



other words, the results were influenced by all variables conditioning the rate of 
growth of a plant. 
In order to compare the results of the different workers in this field the specific 

experimental conditions should be known. 
With a view to improving results some of our experiments on differential cutting 

treatments were carried out under constant conditions. 

2.2 THE PLANT RESERVES 

The assimilated material formed by the plant can be used for respiration, building 
new material, or accumulated somewhere in the plant, usually in the form of poly­
saccharides. Such a high local concentration of carbohydrates is usually designated 
as plant reserves, although some criticism has been levelled at this term (MAY, 73) in 
that it "connotes provision for the future and signifies teleological thinking". 
Reserves in grasses are sugars, fructosan and starch. It has been suggested (DE 

CUGNAC, 38) that fructosan-containing grasses are mostly from temperate, cool 
regions. It has been found that a higher proportion of these substances is accumulated 
in the lower parts of the stems (ALBERDA, 4 and 8 ; BAKER, 15 ; SPRAGUE and SULLIVAN, 

96 and 97). 
Much research has been devoted to the study of the seasonal changes in carbohydrate 

content in different grasses (ALBERDA, 2 and 5 ; HIEPKO, 49 ; WAITE and BOYD, 111 
and 113; WEINMANN, 117). Although there are some differences between the results 
obtained by all these authors, possibly owing to differences in environment and 
species, it can be stated as a general rule that the total of available carbohydrates 
decreases in both concentration and amount during the period of intensive growth, 
more particularly during the spring, and increases during maturation, thus indicating 
their function as "reserve substances" (WEINMANN, 121). MAY (73) also concludes 
that carbohydrate content is inversely related to herbage growth. 

But ALBERDA (5) concludes that "the influence of reproductive development on the 
carbohydrate reserves is of little importance compared with the influence of defoliation 
either by cutting or by grazing". The author arrives at this conclusion (3 and 5) after 
experiments in which cutting was performed at different stages of inflorescence de­
velopment. He distinguished two kinds of carbohydrate fluctuations, viz. a long-term 
one due to seasonal variation, and a short-term one due to cutting or grazing. 
Cutting is always reported (ALBERDA, 4 and 8 ; SULLIVAN and SPRAGUE, 96 and 98 ; 

WAITE and BOYD, 112) as the cause of an immediate and considerable drop of the 
reserves. However, after being cut the plant is able to accumulate new reserves and 
recover the initial level provided suitable growing conditions are allowed. 
It has been generally reported that the temperature is inversely related to carbo­

hydrate content (ALBERDA, 4; KENDALL, 60). Nitrogen fertilization also decreases the 
carbohydrates accumulated (ALBERDA, 8 ; SPRAGUE and SULLIVAN, 98). 



Repeated cutting, especially at a low height and a high frequency of defoliation, 
decreases the reserve level (GRABER et ai, 44; WEINMANN, 116). 
When we consider the reserves from the viewpoint of all this previous research, it 

can be seen that these carbohydrates are influenced by development, growth and 
environmental conditions, but that cutting and fertilizing can change their level more 
than any natural variation. 

2.3 THE RESERVE LEVEL AS AN IMPORTANT FACTOR FOR REGROWTH 

Hitherto we have considered the reserves as the result of a series of possible variables. 
But this does not mean that these reserves are necessarily of importance to the plant, 
especially under adverse circumstances. Two main questions arise, viz. : 

a. When and how efficiently can these reserves be used? 
b. What does the reserve level of a plant mean in relation to further growth under 

more or less adverse conditions? 

This is particularly important when considering the regrowth of grasses after cutting 
or grazing. GRABER et al. (44), in work on alfalfa and three grass species, stated that 
"new top growth, especially in the early stages, are initiated and developed largely at 
the expense of previously accumulated organic reserves, that their quantity and avail­
ability sharply limit the amount of both top and root growth that will occur, and 
that progressive exhaustion of such reserves by early, frequent and complete removal 
of top growth results ultimately in the death of the plant regardless of the most 
favourable climatic and soil environment". More recently this theory has been sup­
ported by other authors (WEINMANN) who attach great importance to the reserves. 
This has lately been subjected to much criticism by MAY (73) and MAY and DAVIDSON 

(74), who assumed that the regrowth of a sward is usually a function of the green 
tissue left in the field. MAY (73) concludes "that a percentage decrease in non-structural 
carbohydrate can be largely accounted for by its use as respiratory substrate and that 
the remainder would be available for translocation and synthesis at new growing 
points". 
Further research (WARD and BLASER, 114) on cocksfoot showed that carbohydrate 

reserves were used for respiration and/or synthesis of new tissue. Plants placed in the 
dark after defoliation gave new growth at the expense of carbohydrate reserves in the 
stubble. The level of reserves influenced the regrowth of plants during the first 25 days. 
The leaf area after clipping showed its influence on subsequent plant growth during 
the whole experimental period. 
Also A. G. DAVIES (40) was able to demonstrate that the level of carbohydrates in 

the stubble has a definite influence on the dry matter production after cutting. 
Finally, comparative experiments (12) showed that the reserve carbohydrates have 



an effect on the initial rate of growth of cocksfoot, but that the initial amount of leaf 
plays a more important part in the regrowth of ryegrass. 
More information should be obtained on the influence of environment and clipping 

treatments on the accumulation of reserves and on the part played by these substances 
in the regrowth of grasses and subsequently in grassland production and management. 



SCOPE OF THE EXPERIMENTS 

Two kinds of experiments were carried out, viz. field experiments and indoor experi­
ments under controlled conditions. 
A two-year field experiment was planned as the basis for the indoor experiments. 

It was intended to study the effect of height of cutting and interval between cuts on 
the growth of grasses. Rows of perennial ryegrass and cocksfoot sown in the spring 
of 1961, were submitted to three different cutting heights and these defoliations were 
repeated at three different intervals between cuts, both in 1961 (July and August) and 
in 1962 (May, June and July). 
During the first year differences occurred in the rapidity of establishment after 

sowing and during the second earliness of the cultivars had an effect on the herbage 
harvested at the first cut as well as on subsequent grass production. The importance 
of the date of the first cut was then realised in comparing the 1961 and 1962 results. 
Moreover, the plant material had been vernalized in the second year of this experi­
ment, whereas in the first year both grasses were fully vegetative. 
A new experiment was therefore planned in order to study the effect of repeated 

cutting treatments, started at different dates, on vernalized and unvernalized material 
of both perennial ryegrass and cocksfoot. 
To make a more detailed study of the background of grass responses to cutting a 

more accurate technique was required than that of the field experiments. Further 
research was therefore carried out under constant environmental conditions. 
Of the different climatic conditions of importance in grass growth, only temperature 

was studied. With one exception all experiments were performed at four temperatures 
ranging from 15° to 30°C. 
Several kinds of experiments were carried out under these controlled conditions. In 

order to ascertain the effect of the cutting height on growth, an experiment was 
performed in which the regrowth of plants of both species, initially cut to different 
heights, was studied. 
When the plant is cut, most of the assimilating tissue is removed. The quicker new 

leaves are formed the faster dry matter production will be resumed. To study whether 
the distribution of newly formed dry matter was changed after cutting an experiment 
was carried out in which this distribution between plant parts was determined in un­
disturbed growing plants in comparison to plants cut to two different heights. This 
was the only indoor experiment carried out at a single constant temperature. 
To examine whether the reserve status of the plant after cutting had any effect on 

subsequent dry matter production different reserve levels were created in a short time 
so as not to change the leaf area left after cutting. Dry matter production and reserve 
level were followed at different temperatures. 
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Finally, an experiment was carried out in order to obtain some information on the 
growth of grasses under repeated cutting (fixed height and interval of clipping). It was 
performed at four temperatures and the effect of different day and night temperatures 
was studied at the same time. 
Before giving an extensive description of each kind of experiment it is necessary to 

define some terms used in the following pages and which are often employed in the 
literature with different and confusing meanings. 
The term growth (viz. growth of the whole plant or parts of the plant) is only used 

in the sense of a visible increase in size. This usually also means an increase in fresh 
weight but not necessarily in dry matter. 
In all cases where a definite increase of plant organic material is meant, the term 

production (of dry matter) is used. 

L«of (blodt) 

Htrbagt 

"cültïrtg îîiîglif Top 

FIG. 1. Schematic division of the plant into different parts. 

The usual morphological names of the grassplant are given on the left of Figure 1 
and on the right the names of the plant parts used in agricultural experiments and 
practice. 



MATERIALS AND METHODS 

4.1 FIELD EXPERIMENTS 

4.1.1 Influence of height of cutting and interval between cuts on herbage production 
(Field experiment I). 

As stated previously with this experiment we tried to study the effect of different 
intensities and frequencies of cutting on the growth of Lolium perenne and Dactylis 
glomerata in the year of sowing and a year later. 
Two plots of the same dimensions (50 x 8 m) were sown on May 3 with Lolium 

perenne (Mommersteeg's Engels raaigras) and Dactylis glomerata (Mommersteeg's 
Kropaar) in rows separated 0.50 m running lengthwise. To obviate border effects, 
5 m of each row was omitted from the experiment proper at both ends; for the same 
reason, the three outer rows on both sides were also unused. The rest was divided 
into 5 blocks of nine 8 m rows. 
During the first part of the experiment proper the cutting treatments were carried 

out between 28.6.61 and 27.8.61. 
Three heights of cutting, viz. 2\, 5 and 10 cm above the soil, were used in combi­

nation with three different frequencies or periods of regrowth, viz. 10, 15 and 20 days. 
Two wooden laths of the required height were placed on either side of the row to 

be cut and pressed together. The tops could then be cut with a scythe and harvested. 
Establishment and early growth was much better and uniform in perennial ryegrass 

than cocksfoot. Actually when cutting treatments started, stands of cocksfoot were 
rather poor and some bare spaces could be found in the rows. This obliged us to 
make a slight change in the sampling method in the case of cocksfoot. 
The original plan was to sample every 5 days for production rate determination. This 

was possible with Lolium perenne. However, with Dactylis glomerata initial growth 
was so slow and irregular that larger samples had to be taken. This reduced the 
amount of material left for the 1962 experiments, and so the cutting schedule had to 
be modified, i.e. for treatments 1 and 3(10- and 20-day intervals), samples were taken 
every ten days and for treatment 2 (15-day interval), samples were taken on the day 
of cutting and on the seventh day following. 
In sampling, the whole shoot down to the roots was taken. In the case of Lolium, 

each sample consisted of 25 cm of row. In the case of Dactylis, each sample was 
60 cm long. In both cases 10 cm was left between samples. 
Fresh weights were determined after washing and blotting with filter paper. A sub-

sample of 100 tillers was then taken, cut into two portions of the appropriate treat­
ment height and the fresh and dry weight determined of both portions. From these 
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data it was possible to calculate the dry weight and the number of tillers of the whole 
sample. 
The samples were dried in flat trays in a forced draft oven at 70°C overnight, followed 

by heating to 105°C for half an hour. 
During September 1961, warm temperatures and suitable conditions for grass growth 

were recorded. At the beginning of October there was an abundant top growth and 
it was decided to clear up the whole plot by mowing all rows to the medium cutting 
height used in the experiment (5 cm). 
The winter of 1961-1962 could be termed an average Dutch winter (see Fig. 2). 

cal /cm2 600 
ptr day 

S00 

(00 

300 

200 

100 

Light tnergy 

\ ^ 

I 

FIG. 2. Climatic conditions during the field experimental period. 

In the spring Dactylis grew earlier than Lolium, so that the situation of the preceding 
season was reversed. At the beginning of cutting treatments cocksfoot exhibited a 
better herbage growth than ryegrass, although the rows appeared to be fairly uniform 
for both species. 
Cutting treatments started on 14th May and were completed by 25th June. 
The lay-out was then the same as that described above for 1961, only the cutting 

frequencies being changed. In order to facilitate the work schedule the intervals of 
10, 15 and 20 days in 1961 were changed to become one, two and three weeks re­
spectively in 1962. Cutting heights, number and disposition of the treatments, and 
replications were the same as in the preceding year. 
The method of sampling was also slightly modified. 25 cm samples of both species 

were taken weekly. Laboratory handling was unchanged. 

Environment. Both field experiments were carried out on a sandy soil, an analysis of 
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which, made in the autumn of 1960 and the autumn of 1961, gave the following data: 

i960 1961 

humus % 
pH-KCl 
PA1 (i%)* 
K \ïoöö%/ 
MgO (mg/kg)*** 

* Method of acetate lactate 
** K soluble in HCl 

*** MgO soluble in NaCl 

3.7 
4.4 

15 

10.4 

34 

3.6 
4.5 

15 

8.7 

50 

Before sowing in 1961, this field was supplied with 60 kg/ha of N, as ammonium 
nitrate, 120 kg/ha P2O5, as basic slag, and 120 kg/ha K2O as potassium sulphate. 
During the treatments 100 kg/ha of ammonium nitrate and 60 kg/ha of potassium 
nitrate were added, both on 11th July and 9th August, 1961. 
In the early spring of 1962, they received the following manurial treatments : 150 kg/ha 

P2O5, as basic slag, and 500 kg/ha as calcium carbonate. During the experiment proper 
100 kg/ha ammonium nitrate and 60 kg/ha potassium nitrate were given in addition. 
Fig. 2 shows the rainfall, maximum and minimum temperature and light energy at 

Wageningen during the period of the field experiments (data supplied by the De­
partment of Physics and Meteorology of the Agricultural University, Wageningen). 

4.1.2 Effect of date of first cut on production by vernalized and unvernalized plants 
(Field experiment II). 

Tillers from field experiment I which had been outside throughout the winter were 
cleared of dead material and the roots cut to 1-2 cm from the base of the tiller. At 
the same time seed of the same provenance was sown in the greenhouse on 19th 
March, 1962. 
These vernalized and unvernalized tillers were thus ready for planting in the field 

on 26th April, 1962, in bunches of 5 tillers, in rows 50 cm apart, the plant spacing 
being 40 cm. 
The cutting scheme consisted in clipping the groups of grasses for four weeks to a 

height of 5 cm every fortnight. Treatments were planned to start at the time of heading 
and one week and three weeks later, respectively. With perennial ryegrass this was 
done on 15.6.'62, 22.6.'62 and 6.7.'62 and with cocksfoot on 8.6.'62, 15.6.'62 and 
29.6.'62. Moreover some plants were allowed to grow undisturbed. There were five 
replications of each treatment. The experiment was completed on 3.8.'62. 
All treatments were sampled once a week. Samples consisted of two plants per 

replication, i.e. ten plants per treatment. The samples were handled in the laboratory 
as described above. 
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The plot was situated close to the other field experiment, so that the same soil 
characteristics, manuring treatment and climatic conditions are applicable. 

TABLE 1. Field experiments. Conditions 

FIELD EXPERIMENT I 

(cutting height and interval between cuts) 

Seeding date 
First year (1961) 

first cut 
end of cutting treatments 
cutting heights 
intervals between cuts 

Second year (1962) 
first cut 
end of cutting treatments 
cutting heights 
intervals between cuts 

FIELD EXPERIMENT II 

(vernalization and date of first cut) 

Seeding date of unvernalized material 
in the glasshouse 

Date of planting tillers in 
Lolium perenne 

date of first cut 
date of last sampling 

Dactylis glomerata 
date of first cut 
date of last sampling 

the field 

15.6. 
13.7. 

8.6. 
6.7. 

'62 
'62 

'62 
'62 

3.5.'61 

28.6.'61 
27.8.'61 
Zi, 5 and 10 cm 
10, 15 and 20 days 

14.5.'62 
25.6.'62 
2i, 5 and 10 cm 
1, 2 and 3 weeks 

19.3.'62 
26.4.'62 

22.6.'62 6.7.'62 
20.7.'62 3.8.'62 

15.6.'62 29.6.'62 
13.7.'62 27.7.'62 

4.2 INDOOR EXPERIMENTS 

4.2.1 Growing conditions 
The indoor experiments reported here were carried out in the Phytotron of the 
Institute for Biological and Chemical Research on Field Crops and Herbage, Wage­
ningen. A complete description of this unit has been given by ALBERDA (6). 
The experiments proper were performed in growth rooms with artificial light; previ­

ously the plants were grown in a greenhouse at 20°C ± 2°C, using normal daylight 
with additional illumination with 400 watt, high-pressure mercury vapour lamps 
during winter months. 
The growth rooms are also provided with 400 watt high-pressure mercury vapour 

lamps (Philips HPL) giving a light intensity of 5 x 104 ergs cm~2sec_1 at the height 
of the pots in which the plants were cultivated (about 40 cm below the lamps). The 
temperature in the rooms can be held at the selected value ± 0.3°C. 
Tillers of a tetraploid clone of perennial ryegrass were planted in bunches of 7 tillers 
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each in four holes of a hardboard disc placed on top of a 1-litre glass jar, which had 
an outer coat of aluminium paint. Clonal material was also used for Dactylis glomerata 
and planted in bunches of 4 tillers per hole. 
The entire roots of the tillers were cut off; they were first cultivated in tap water 

until some new roots were formed and then transferred to a Hoagland solution of 
half strength of the following composition : 

K N 0 3 

MgS0 4 . 7H 2 0 
Ca (N0 3 ) 2 . 4H 2 0 
KH2PO4 
H3BO3 
MnCl 2 . 4H 2 0 
Z11SO4. 7H 2 0 
C11SO4 . 5H 2 0 
H2M0O4 . H2O 

126.4 
123.2 
295.2 

34.0 
2.86 
1.81 
0.22 
0.08 
0.09 

mg/1 

Furthermore, 1 ml per litre of a solution of iron EDTA chelate was added whenever 
the nutrient solution was renewed. 
The plants were kept in the greenhouse until they grew vigorously, and then used 

for the experiment. 
During the pretreatment the nutrient solution was changed twice a week, and during 

the experiment proper three times a week. To avoid differences in light intensities, 
wind velocity, etc., the trolleys on which the plants were placed were shifted daily to 
another position in the growth room and the plants were given another position on 
the trolley whenever the solution was renewed. In this way a position effect on the 
growth rooms was avoided. 
The time and duration of each indoor experiment is given in table 2. 

TABLE 2. Indoor experiments. Conditions 

Experiment 

Gl 
Gd 
RI 
Rd 
Dl 
Dd 
Ml 

Date of 
beginning 

22. 1.'62 
24.11.'61 
30. 3.'62 
6. 8.'62 

24. 1.'63 
17. 4.'63 
26. 9.'62 

Duration 
(days) 

31 
32 
25 
25 
32 
40 

126 

Number of 

cuts 

1 
1 
1 
1 

0-1 
0-1 
7 

sampling 
dates 

5 
5 
5 
5 
5 

4-5 
7 

4.2.2 Effect of cutting height and temperature on regrowth (exp. Gl and Gd). 
The aim of these two experiments was to follow the growth of Lolium perenne and 
Dactylis glomerata grown at different temperatures and cut initially to different heights. 
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The temperatures used were 30, 25, 20 and 15°C. The cutting heights were 10, 5 and 
2\ cm. 
After the plants had been clipped to the required height several samples were taken 

during the experimental period, in order to obtain information on the final status and 
to follow the dry matter production and chemical composition. 
Each sample consisted of five pots. The plants were cut at the height to which they 

had been clipped at the beginning of treatments, and the fresh and dry weight of roots, 
stubble and herbage were then determined. 

4.2.3 Effect of reserve level and temperature on regrowth (exp. Rl and Rd). 
The aim was to study the regrowth curves of grasses cut to the same height but having 
different levels of total soluble carbohydrates. 
In order to obtain a low reserve level, plants were placed in the dark at 30°C for 

three days with aeration of the nutrient solution. For a high reserve level, plants were 
placed in continuous light at 10°C for three days without aeration. 
This enabled us to produce plants with the following reserve levels in the stubble : 

Reserve level 
TSC in stubble as per cent of dry matter 

Lolium perenne Dactylis glomerata 

low (L) 7.8 12.3 
high (H) 23.4 25.7 

Although there were some fairly considerable differences between the two reserve 
levels, the levels reached were far from extreme. With Lolium perenne the reserve level 
may occasionally rise to values around 40 per cent of the dry weight and with Dactylis 
a reserve level of 12 per cent is still fairly high. 
After this pretreatment all plants were cut down to 5 cm and the plants of both 

species were divided into four groups to be placed at 30, 25, 20 and 15°C respectively. 
Sampling was also repeated several times during the growth period. 

4.2.4 Dry matter distribution in undisturbed and cut plants (exp. Dl and Dd). 
This experiment was designed to study the distribution of the dry matter formed 
between roots, stems and leaves in both species, together with the influence of cutting 
on this distribution. 
Clones of both Lolium and Dactylis were cultivated in the usual way in the green­

house. Afterwards they were placed in a growth room at 20°C. 
The material was divided in four groups. Two groups of plants were allowed to grow 

undisturbed and only the method of harvesting was different; they were sampled for 
the first time on 29.1.'63 for Lolium and on 17.4.'63 for Dactylis. 
A third group was cut to a height of 2\ cm on 4.2.'63 for Lolium and on 29.4.'63 

for Dactylis. The fourth group was cut to 10 cm on the same dates. From this date 
onward they were sampled together with groups 1 and 2 as follows: 
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At each sampling the plant material of five pots per group was used. The roots were 
cut off and taken as a plant portion. The tops of the first and third groups were cut 
to a height of 2\ cm and in both portions the leaf blades were cut and designated 
"leaves". The remaining stem + leaf sheath was termed "stem" (see Fig. 1). The 
tops of the second and fourth groups were cut to a height of 10 cm. The stems and 
leaves were separated in the same way. 

rtioi 

1 
2 
3 
4 
5 

l Group 1 and 3 

roots 
stems below 2\ cm 
leaves below 2-J cm 
stems above 2\ cm 
leaves above 7.\ cm 

Group 2 and 4 

roots 
stems below 10 cm 
leaves below 10 cm 
stems above 10 cm 
leaves above 10 cm 

The fresh and dry weights of these portions were then determined and the tillers 
counted. With regard to this material it should be noted that Lolium perenne headed 
and flowered. This is why these results cannot be readily compared to similar results 
obtained in experiment Gl in which the material was kept completely vegetative. 

4.2.5 Effect of repeated cutting and temperature regime on grass production 
(exp. Ml and Md). 

The aim was to ascertain the effect of repeated cuts on the growth and tillering of 
grass subjected to different temperature regimes. 
Clonal material from the same origin as the other indoor experiments was planted 

in Mitscherlich pots filled with fine gravel. Six groups of five tillers of this material 
were planted per pot in the centre and the five vertices of a regular pentagon. For 
ten days they were allowed to root in the glasshouse in tap water. Subsequently they 
were flushed with nutrient solution twice daily. For this purpose six pots were placed 
on each of eight trolleys and connected to a carboy with nutrient solution. These 25 1 
carboys were hermetically sealed and connected to the six pots of its trolley by means 
of a plastic tube with rubber connections. The nutrient solution was pressed upwards 
into the Mitscherlich pots by means of compressed air. As soon as the solution ap­
peared above the gravel the pressure was released. 
Once the plants had reached a good size they were cut for the first time and placed 

under controlled conditions. They were given daily 17 hours of light (from 4.30 p.m. 
to 9.30 a.m.) and 7 hours of dark. Four trolleys received a constant night and day 
temperature of 30°, 25°, 20° and 15°C. The other four received the same temperatures 
during the light hours but during the hours of darkness they were moved to growth 
rooms 5°C lower than the light temperature. 
When moved to another room the plants received nutrient solution from carboys 

standing at the new temperature. In this way the roots were subjected almost im­
mediately to the same temperature as the tops. The nutrient solution in the carboys 
was changed three times a week. 
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Since the salt concentration of the half-strength Hoagland solution was too low (all 
the nitrogen was taken up in the period between two flushes) a double strength solution 
was used from the beginning of the experiment proper. 
Plants were cut to the same height every three weeks. The fresh weight of the herbage 

and the number of tillers was determined in each pot and the dry weight per trolley 
of six pots. 
Since it was impossible to harvest all pots in one day at the end of the experiment, 

one or two were selected from each trolley (depending on the series of plants) of 
which the fresh weight of the herbage was nearest to the average. 
The plant material remaining after cutting was carefully removed from the pots, 

washed and freed of dead material. Fresh and dry weight of stubble and roots were 
determined in the usual way. 
The herbage removed at every harvest time as well as the plant parts sampled on 

27.2.'63 were milled and stored for further chemical analysis. 

4.3 CHEMICAL ANALYSIS 

Samples taken from both indoor and outdoor experiments were analysed for their 
content of soluble carbohydrates. The aim was to ascertain the status of the reserve 
and accumulation of organic matter which if necessary could be used for a further 
regrowth. 
As early as 1931, DE CUGNAC (38), who examined 38 species of Gramineae, divided 

grasses into two groups, viz. those accumulating in their vegetative organs sucrose 
with or without starch (Graminées sacharifères), and those accumulating fructosan, 
usually together with sucrose, but no starch (Graminées levulifères). DE CUGNAC listed 
Dactylis glomerata and Lolium perenne in the second group, i.e. species accumulating 
no starch. WAITE and BOYD only found starch in the mature seed (111). 
Cellulose, hydrolysable pentosan and lignin failed to show any decrease after de­

foliation in greenhouse gravel cultures of perennial ryegrass (96). 
Monosaccharides were found (86, 96, 111) in small quantities and fluctuations were 

minimal. Sucrose and fructosan have been designated as the main reserve substances 
in grasses of temperate regions (86,96,111). The variations in these two carbohydrates 
were found to be the same during the life cycle (111, 113) as after clipping treatments 
(96, 99, 112) and were possibly greater in the case of the more abundant fructosan 
than in the case of sucrose. 
Since the purpose of this work was rather to ascertain the regrowth ability of the 

plants in relation to their reserves, the whole fraction — monosaccharides + sucrose 
+ fructosan = water soluble carbohydrates (TSC) — was the only one determined. 
After drying, the samples were ground and stored for analysis. TSC was extracted 

by the DE MAN and DE HEUS method (72) with some modifications introduced by 
BOSMAN (20). Determinations were made by VAN DER PLANK'S method (88). 
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RESULTS OF THE FIELD EXPERIMENTS 

5.1 FIELD EXPERIMENT I. EFFECT ON GRASS PRODUCTION OF CUTTING HEIGHT 

AND INTERVAL BETWEEN CUTS 

The field experiment reported here was carried out in order to obtain some information 
on the production of perennial ryegrass and cocksfoot subjected to different combi­
nations of heights and frequencies of clipping. 
To facilitate the analysis of results, the data for a certain cutting height is presented 

as the average of all intervals; vice versa, the data for each interval between cuts is 
given as the average of all cutting heights. This could be done because no interaction 
was found between cutting height X cutting interval. 

5.1.1 Cutting height 
Until the first cut, growing conditions were the same for all treatments. The differences 
in weight at the first cut are therefore only caused by differences in the cutting height. 
Differences in treatment begin to appear in the following cuts (table 3). 
With Lolium the herbage production in the second and following cuts was found to 

be highest at the medium cutting height (5 cm), whereas with Dactylis the highest 
yield was found as plants were cut to 10 cm. The same was found for total herbage 
production. 
There was a shift in optimal cutting height as the experiment proceeded. Table 4 

shows the herbage harvested at every cut for plants defoliated every 15 days (medium 
interval) to the three heights of cutting. For Lolium, the highest amount of herbage 
was harvested from the 2\ cm cut plants at the first cut, from the 5 cm ones at the 

TABLE 4. Dry weight (g) of herbage harvested at the different cuts for plants cut every 15 days 

Cutting height 

2 icm 
5 cm 

10 cm 

2icm 
5 cm 

10 cm 

28.6 13.7 

Lolium perenne 

83.55 82.00 
71.56 113.18 
56.67 82.75 

Dactylis glomerata 
29.25 51.03 
24.04 64.44 
13.76 48.03 

Date of cutting 

28.7 

89.82 
90.25 
84.16 

50.20 
59.05 
66.45 

12.8 

51.89 
66.77 
60.57 

36.76 
50.15 
64.67 

27.8 

43.83 
66.75 
68.79 

44.23 
65.09 
79.26 
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second, third and fourth, and from the 10 cm ones at the last cut. For Dactylis, 2\ cm 
appeared to be the best cutting height at the first cut, 5 cm at the second, and 10 cm 
at the others. A similar pattern was found in results of the other intervals used. 
The sum of the herbage in the second and following cuts and the dry weight increase 

of the stubble represents the portion of the total dry matter production situated in 
the tops of the plants, following a certain manner of defoliation. It is termed apparent 
dry matter production since the roots were not sampled. In both species this apparent 
dry matter production increased with increasing cutting height. 

Number .^o 
of tilUrj ^>x J^J—o-_o o 
par 1.5m row / ° s'~-° \ L ~~°—.„ 

^ . o 

Lotium perenne 1961 

W 'o Doctylis glomerate 1961 

Dactylis glomerata 1962 
o — o 10 cm 
X X 5 cm 
• — • 2.5 cm 

28/6 8/7 1B/7 28/7 7/8 17/8 27/8 U/5 28/5 11/S 18/6 25/6 
1961 Dote 1962 Dato 

FIG. 3. Tillering of perennial ryegrass and cocksfoot, repeatedly cut to three different heights. 

In Fig. 3 the number of tillers per 1.5 m row is plotted against time for all cutting 
heights. For Dactylis no distinct effect of the height of clipping on tillering can be 
seen. One curve may therefore represent the tillering of the species for the whole 
period. 
For Lolium the pattern is quite different. For twenty days following the first cut 

there was a very rapid increase in the number of tillers at all three cutting heights; 
only the plants cut to 2\ cm seem to have had a lower rate of tillering. Subsequently 
this tiller number decreased at different rates, so that on completion of the experiment 
there was a marked increase in the number of tillers with height of cutting. 
The stubble mass increased during the whole experiment as did also the calculated 

stubble weight per tiller. This increase in the stubble weight per tiller was smaller in 
shorter cut grass. 
In Fig. 4 the percentage of total soluble carbohydrates (TSC) left in the stubble after 
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defoliation is plotted against time for plants treated with the shortest interval (10 days) 
at the three cutting heights used. 
Initially the TSC content was higher the shorter the stubble left. This is only to be 

expected, since the reserve level increases in a downward direction. After the first 
cut this content fell in all treatments. The fall was steeper for the shorter-cut plants ; 
plants clipped more severely needed more reserves to initiate growth. Hence at the 
second harvest the plants which had been previously cut higher, appeared to have a 
greater TSC content. 

% T.S.C. 
In stubble 

°/o T.S.C. 
in stubble 
16r 

12 

10 

e 

6 

t 

2 

3Y lolium ptrenne 

\ 
' \ , , o ' ' ' ~'~o 

• VL.-°' / N , 
- ?s/ 

i i . • . i 

Dactyl is glomerate 

o — O 10 cm 
x X 5 cm 
• • 2,5 cm 

28/6 8/7 18/7 28/7 7/8 17/8 27/8 
Date 

28/6 8/7 18/7 29/7 7/8 17/8 27/8 
Date 

FIG. 4. Soluble carbohydrate content in stubble of plants cut every 10 days to three different heights. 

For Dactylis the same pattern was found, although variations were always smaller. 
The TSC content was also lower for cocksfoot than for perennial ryegrass. 
The strong fluctuations in TSC content during the experiment were most probably 

due to changes in climatic conditions since there is evidence that sugar concentrations 
vary much more smoothly when the plants are repeatedly cut and under constant 
conditions. 
In 1962 no after-effects of the treatment of the previous year could be observed. 

Only the weight of the first cut increased with decreasing cutting height (Table 5). 
This year Dactylis grew earlier in the spring and therefore produced much more 

herbage at the first cut than Lolium. This is unlike the first cut in 1961. 
In subsequent cuts herbage production was better for both species, in plants de­

foliated to 5 cm. For Dactylis the poorest herbage production was obtained from 
plants cut to 10 cm. For Lolium, as in the preceding year, the poorest was from plants 
cut lowest. 
For Lolium (Fig. 3) tillers were more abundant the shorter the plants were cut. The 

point is that this kind of plant suffered less during the winter (Fig. 7). It could even 
be stated that the rate of tillering was slightly better for plants cut to 10 cm since it 
differed less in tiller number from the other two cutting heights towards the end of the 
experiment. 
For Dactylis the highest cut rows were less dense from the beginning of the season. 
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However, there was no significant difference between the 2\ and 5 cm cutting treat­
ments. 
The weight of the stubble decreased in all treatments, and particularly in the first 

fifteen days. 

5.1.2 Frequency of cutting 
Table 3 shows that, for both species, the longer regrowth interval resulted in greater 
herbage production and apparent dry matter production for a 1.5 m row. 
For Dactylis, cutting frequency had no effect on tillering. But for Lolium, tiller 

Intervol between cute 

o — o 10doys(196l)or 1v»eek(1962) 
X % 1Sdoys(196llor 2weeks(1962) 
a—a 20days(1961)or3weeks(1962l 

LoLium perenne 1962 D LoLium perenne 1961 

Dactylis glomerate 1961 

Dactylis glomerata 1962 

28/6 6/7 18/7 28/7 7/8 17/8 27/8 
Data 

11/6 18/6 25/6 
Data 

FIG. 5. Tillering of perennial ryegrass and cocksfoot cut with three different frequencies. 

<fc lolrum perenne 

TSC " V 

- I 1 1 1 i I 
28/6 8/7 18/7 28/7 7/8 17/B. 27/8 

Dote 

Doctylis glomerata 

- 0 M.3 

•"*•* M.2 

S * » . . - ° M-1 

• J I 
28/6 6/7 18/7 28/7 7/8 17/8 27/8 

Dote 

T.S.C. content in the stubble of plants defoliated to Scm 

every: o - - - o 10 doys 
X X 15 days 
o a 20 days 

FIG. 6. Soluble carbohydrate content in stubble of plants cut to 5 cm with three différent frequencies. 
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number increased during the initial 25-day period for all three frequencies. There­
after it decreased again and the more so for the more frequently defoliated plants 
(Fig. 5). 
As a rule the tillers increased in weight as the experiment proceeded. The increase 

was greater when the plants were less frequently defoliated. 
For the medium clipping intensity the TSC content in the stubble is plotted against 

time in Fig. 6. In all cases the TSC content was much higher for perennial ryegrass 
than for cocksfoot; fluctuations due to cutting frequency were also greater for the 
former species. In both species the less frequently the plants were clipped the higher 
was the TSC content and the smaller the initial drop. 
During winter differences tended to disappear, but not so far as to reach equal 

stands, since at the beginning of the 1962 season the heavier plants were those cut 
less frequently in 1961. The first cut in this second year was therefore higher for such 
plants (Table 5). The same trend was found for the subsequent herbage cuts and 
consequently for the total also. 

Dry weight 
800 r g 

l O L I U M PERENNE 

Year 1961 
Cutting height tern) 2.5 

1961 

UH Initial stubble dry weight 

0 Final stubble dry weight 

p i First herbage cut (d ry weight) 

£ 3 Total following herbage cuts ( dry weight) 

FIG. 7. Initial and final status of rows of perennial ryegrass in the experimental periods of 1961 and 
1962. See text. 

For Lolium (Fig. 5) the highest tiller number was found for the three-week interval, 
followed by 1 and 2 weeks respectively. 
For Dactylis no significant differences were found between clipping frequencies, 

exactly as in 1961. 
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5.2 OVERWINTERING 

From the 1961 final and 1962 initial stubble weights it is possible to study the effects 
of the winter period upon the grasses treated in different ways (see also Table 6). 
Fig. 7 and Fig. 8 show the initial and final stubble weights per 1.5 m row together 

with the herbage production in both years divided into first cut and following cuts. 
For Lolium the changes in stubble weight were caused by parallel changes in tiller 

number and tiller weight. For Dactylis matters are somewhat more complex. The 
increase in stubble weight during the winter in plants cut to 2\ cm and 5 cm resulted 

Dry «night 
S00 r g 

DACTYLIS GLOMERATA 

year 1961 1962 1961 1962 1961 1962 
cutting height (cm) 2,5 5 10 

JU In i t ial stubbl« dry weight 

£2 Final stubble dry weight 

E=| First herbage cut (dry weight ) 

^ Total fo l lowing herbage cuts (dry weight) 

FIG. 8. Initial and final status of rows of cocksfoot in the experimental periods of 1961 and 1962. 
See text. 

from a large increase in tiller weight, since the number of tillers decreased by about 
the same amount in all cases. For plants cut to 10 cm both the tiller number and 
tiller weight decreased during winter. Something similar can be seen for the intervals. 
A 10-day interval showed an increase in stubble weight resulting from an increase in 
tiller weight and a decrease in tiller number. For the 15-day interval the decrease in 
tiller number outweighed the increase in weight, so that there was a decrease in the 
total stubble weight per unit of row. For the 20-day interval both tiller number and 
tiller weight decreased during the winter. 
A general result for both species seems to be the inverse relation between stubble 

weight at the end of 1961 and that at the beginning of 1962. The denser the stubble 
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mass (many and/or heavytillers) at the end of 1961 season, the greater were the losses 
during the winter period. 
The result of this was that the great differences at the end of 1961 caused by different 

treatments disappeared largely during winter. 

5.3 FIELD EXPERIMENT II. EFFECT OF DATE OF FIRST CUT ON PRODUCTION BY 

VERNALIZED AND UNVERNALIZED PLANTS 

The aim was to study the effect of cutting on Lolium perenne and Dactylis glomerata 
in relation to both vernalized and vegetative plants and to the date on which de­
foliation treatments began. 
For both species, the dry weight of the first cut (Table 7) was always higher for 

vernalized plants, except for Lolium at the latest initial date. 
For ryegrass the herbage production at the second and following cuts was always 

higher for the unvernalized plants and the same was true of the total herbage pro­
duction. For Dactylis no consistent results were obtained. However, it seems that 
there was a tendency for vernalized plants to produce more herbage in the two earlier 
cutting treatments. 
As expected, the first cut was higher and formed a greater proportion of the total 

Number of tiUftrs 
psr 10 plants 
7000 

TiUsrs 

vernalized unvernolizad 
• O 

• o 
A A 

T V 

undisturbed 
f irst cut on* 

15.S 
22.6 

6.7 

15/6 22/6 29/6 6/7 13/7 20/7 27/7 3/8 10/8 17/9 
Dats 

FIG. 9. Tillering in repeatedly cut plants of perennial ryegrass vernalized and unvernalized, in 
comparison with undisturbed ones. Cutting began on three different dates. 
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herbage production the later it was done. Herbage production at the following cuts 
also increased when the initial cut was made later. Both facts resulted in a consistent 
increase in total herbage production in the same direction. 
In all cases the stubble increased its weight during the experiment and these increases 

were much more considerable for unvernalized plants. 
In Figure 9 the number of tillers per 10 plants is plotted against time for Lolium 

perenne. Vegetative plants produced more tillers than vernalized ones. Clipping some­
what checked tillering, but with the same relative intensity for both kinds of plants. 
The date of the first clipping does not seem to have affected tillering. 
For Dactylis, as found by other research workers (65, 66) and in other experiments 

reported in this paper, differential clipping treatment did not appear to have any 
effect on the rate of tiller production. During the first 35 days it would seem that 
vegetative plants produced more tillers than vernalized ones, but afterwards the results 
became completely confusing. However, it can be concluded that neither defoliation 
nor the date of the first cut had a detectable influence on tillering. 
Table 8 shows the weight of the different plant parts expressed as g per 1000 tillers. 

In all cases vernalized tillers had the greatest amount of herbage. 

5.3.1 Effect of vernalization 
The growth of undisturbed vernalized and unvernalized plants is compared in Figs. 10 
and 11. 

Htrboge 
g dm/10 plants 

200 

«00 

(00 

r 

lolium perenne 

A'"' 

H«rbag« 

g dm./10 plants 

1200 r 

Dactylis glomerato 

**^<r 
• Vernolized plants 
o Unvernalized plants 

15/622/6 6/7 27/7 3/8 17/8 8/6T5/6 29/6 20/727/7 3/8 
Dot« Date 

FIG. 10. Herbage production of vernalized and unvernalized plants of perennial ryegrass and cocks­
foot growing undisturbed. 

StubbU 
g a\m./10plonts 

Stubble 
g d/n./10 plants 

1000 

800 

600 

«00 

200 

Lolium poronno 

600 

SOO 

inn 

3 0 0 

2 0 0 

100 

< 

o 

/. 
Dactylis glomerata // 

/ 
-6 

>* 
.-*r . , , , 

• Vernoliztd plants 
o Unvernalized plants 

27/7 3/8 17/8 
Date 

20/7 27/7 3/8 

Da te 

FIG. 11. Stubble dry weight in vernalized and unvernalized plants of perennial ryegrass and cocksfoot 
growing undisturbed. 
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For Lolium the plant weight at the end of the experiment was considerably greater 
for the vegetative than for the vernalized plants. This difference was caused by a 
difference in stubble weight, since the herbage production was about the same in both 
cases. From the end of July onwards there was a slight decrease in both the stubble 
and herbage dry weight of the vernalized plants, apparently caused by the dying of 
the flowering tillers and the shedding of the seed. In this period the stubble weight of 
the unvernalized plants increased almost exponentially, probably due to the formation 
of new tillers. These tillers hardly reached the cutting level since the herbage weight 
of the unvernalized plants even decreased at the end of the experiment. 
For Dactylis the total weight of both vegetative and vernalized plants did not differ 

much at the end of the experiment. The weight of both stubble and herbage increased 
almost exponentially, but the herbage of the vernalized plants at a somewhat higher 
rate than that of the unvernalized ones. At the end of the experiment the reverse was 
true for the stubble, but the decrease in weight observed in the vernalized Lolium 
plants could not be found in Dactylis. 
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6 RESULTS OF THE INDOOR EXPERIMENTS 

6.1 EXPERIMENT G. EFFECT OF CUTTING HEIGHT AND TEMPERATURE ON REGROWTH 

In the case of the regrowth of grasses cut to different heights more accurate infor­
mation was aimed at than that obtained from field experiments. (See methods, ex­
periments Gl and Gd.) Although the phytotron enabled this to be studied under 
different conditions, the temperature was the only climatic variable studied. 

Total dry matter production 
9 

16 24 30 
Time (doys after cut t ing) 

Total dry mattor production 

g 

Doctylis glomerata 

25 31 
Time (doys after cutting) 

FIG. 12. Total dry matter production of Lolium and Dactylis growing under four different temper­
atures after cutting. 
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6.1.1 Temperature effect 
The total plant production of grasses grown under phytotron conditions was found 
to be exponential (Figs. 12 and 15), at any rate during the period of the experiment 
which never exceeded 35 days after the initial cut. This exponential production did 
not start immediately after cutting but a few days later. 
For the range of temperatures used the differences in rate of dry matter production 

were not very great. It is only in the case of perennial ryegrass at 30°C that the rate 
of growth differed somewhat from the rest. This was mainly due to the last sample. 
At this time plants were large and the transpiration needs were consequently greater. 
The water supply was inadequate during the last days and drought became a limiting 
factor for the normal growth of these plants. If in Fig. 12 we only consider the first 
four harvests the resulting line will differ much less from the other three. 
For both species the optimal temperature was 20°, followed by 25° and then 15° and 

30°. The Dactylis plants at 25° were always heavier than those at 20° owing to the 
initial weight, although the rate of dry matter production was somewhat higher at 
20°C. 
The differences in tillering between the two species were very conspicuous : with the 

Lolium the increase in tiller number was much greater and more or less exponential, 
whereas with Dactylis the number increased slowly and was approximately linear 
with time. 
No distinct effect of the temperature on the rate of tillering of both species could 

be detected. 

S 10 12 K 6 $ 10 12 H 16 IS 20 
Total plant production (gdjn.) 

FIG. 13. Herbage/total plant dry matter distribution at four temperatures after cutting to 5 cm. 

In Fig. 13 the herbage dry weight is plotted against total plant production. No 
apparent temperature effect could be detected, the only exception being the Lolium 
plants at 30° of which, as stated earlier, the last samples suffered from drought. It 
can therefore be concluded that temperature has no effect on the distribution of dry 
matter among herbage and the rest of the plant. 
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