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THESES
1
Neither cutting height nor reserve level have any effect on the relative rate of grass
dry matter production when thisis exponential.
This dissertation

There isconsiderable evidence that the total soluble carbohydrate concentration has
an effect on theplant dry matter production after cutting.
L.H. MAY, 1960, Herb. Abstr. 30(4), 239-245.
This dissertation

It is very questionable whether continuous grazing will give maximum pasture production evenwhenthestockdensity isjust sufficient toremovethefeed asproduced.
C. M. DONALD and J. N. BLACK, 1958,Herb.Abstr. 28(1), 1-6.

Control of grazing and mineral fertilizers must be employed together for effectively
improving the botanical composition of Mediterranean natural pasture.

It is possible to maintain or improve cereal yields, reduce costs and provide more
animal fodder without fallowing in arid zones.

Green manuring is not nowadays an economical solution to the problem of conservation andincrease of the organic matter in soils of Mediterranean countries.

Theincrease in the cattlepopulation willbebeneficial to agriculture in the southern
provinces of Spain. When introducing a new breed of cattle the Friesian should be
preferred.

8

Theselection of dairy cattle for butter production isof no interest in Mediterranean
countries. Milk recording of lactation yield and protein should therefore be emphasized.

Energyisthemainlimitingfactorforthegrowthandwoolproductionofsheepgrazing
the mature herbage of pasturesunder drought conditions.

Proefschrift M. DEL POZO IBASEZ

Wageningen, november 1963
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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.sugarbeets).
Herbage crops,however, differ from these in two respects.Not onlyis most of the
photosynthesizing tissue removed, but thisprocess is usually repeated several times
duringthegrowingseason.Moreover, theplantsthat remainat theend oftheseason
mustbeinasufficiently goodconditiontowithstandthewinterandtobeinasgooda
statenext spring asthey were theprevious year.
Itwillthereforebereadilyappreciated thatthemethodofharvestingnotonly affects
the grasscrop obtained at that time,but alsothe subsequent growth and production
at following harvests.
Thisremoval ofherbage mayresult 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
ofherbageremoved,butapositiveinfluence onsubsequentherbageproduction.Since
these effects are contrary, it would be interesting to know their relative importance
andfluctuationssoastobeabletodeterminewhatheightofstubbleleft after harvestingwillyield themaximum amount ofherbagefor an extended period.
Sincethegrowingseasonisoflimitedduration,anincreaseinthenumberofharvests
will mean a shorter growth period between subsequent cuts.
Thus the total seasonal yield depends on two factors: the number of harvests and
theherbage production at eachharvest, whichhave an opposite effect oneach other.
In studying the effects of harvesting on herbage production both the height and
frequency ofharvestinghavetobetakeninconsideration and awinterseason should
preferably beincluded.
Before describingtheprocedureemployedinthepresentexperiments,itwouldseem
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
theaid ofa certaininstrument or machine;thiscan bedirectlyrelated 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 ofthe pasture crop;
1

b. Theproportion ofthiscropactuallyharvested bythe animal;
c. The efficiency of conversion within the animal of the fodder consumed.
Ofallthesethree points onlythefirsttwo arerelatedto the grass output dealt with
inthepresent 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 arranged.
There arethree main grazingsystems: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
thevalues of thefollowing variables:
1. instantaneous stockingrate;
2. length of the grazingperiods;
3. length oftherestingperiods.
Grazing system

Inst.stock.rate

Continuous
Rotational
Strip

light
heavy
very heavy

Length of the
Grazing period

Resting period

the season
1-7 days
i-l days

0
15-45 days
15-45 days

Instantaneous stocking rate is the number of animals grazingper unit of surface at
any given time. The result of multiplying this instantaneous stocking rate by the
length ofthe grazingperiod hasbeen termed the grazingintensity (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 grazingpractices.Butplant defoliation isnot the onlyeffect produced by
grazinganimals.Thereareadditionallossesduetofoulingbyexcreta,trampling and
poaching,particularlyinwetweather. However,there seemstobea close correlation
betweenproductionunderclippingandgrazing,aswasfound byBRYANTand BLASER
(30) who compared yields and stands of orchardgrass under clipping and grazing
withdifferent defoliation intensities.Higheryieldswereobtained under clipping than
under grazing.
It seemstherefore, that onthewholethereaction ofthegrassplant tograzingseems
comparableto theeffect of cutting.
Inviewofallthisthepurpose ofthefollowing seriesofexperimentswasto compare
the effects of different heightsand frequencies of defoliation both under indoor and
field conditions.Theindoorexperimentsmakeitpossibletovaryseveralinternal and
external factors, and thefieldexperiments were performed to compare results with
those obtained under controlled conditions and to do somepreliminary work on the
effect ofthewinter season.

2

REVIEW OF THE LITERATURE

2.1 DEFOLIATION AND GRASSPRODUCTION

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. Dactylisglomerataand
Lolium perenne were placed seventh and thirteenth respectively in this list. KLAPP
suggested that thisresistance to defoliation isrelated to thebotanical characteristics
and growth habit of thespecies.
It hasbeenrepeatedly found (4,37,78,80)that cuttingreducestherate of tillering
anddrymatterproductionincomparisonwithundefoliated plants.Theseexperiments
wereusuallycarried outwithsingleplantsandfor shortperiodsoftime.Mostprobably theplantsin these experimentsnever suffered from alack ofnutrients and water
or from mutual shading, unlike the sward conditions and long periods (50, 61) in
which theuncut plantsfailed to produce the maximum amount of herbage.
But if repeated cutting is necessary in practical farming for good grass production
the problem is,howintenseandfrequent 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 onLoliumperenne, found that thereductioninherbageweight

in thefieldcaused by a single defoliation tended to disappear after a time, but that
the difference increased whenplantswerecut severaltimes.
JOHNSONand DEXTER(56)found thatinquackgrass6incheswastheoptimalcutting
heightinarepeatedcuttingexperiment(heightsrangingfromgroundlevelto8inches),
but that after thefirstcut a height of 3incheswasthe 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 thelength of the experimental period.
Somefieldexperiments with singleplants 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 obtained.
Increases in herbage production were found with increases in cutting height by
AHLGREN (1), GRABER and REAM (45), JACQUES and EDMOND (54), JANTTI and HEINONEN(55),JUSKAand HANSON(58)andWRIGHT(130). BROUGHAMrelatedthepasture

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 1,3and 5inches (22),both the complete light interception and the maximal and
constant herbage production rate were reached respectively 24, 16and 4 days after
cutting.In a moreextensiveresearch itwaspostulated (24)that erect growing plants
haveahigheroptimalheight ofdefoliation than prostrate ones,sothat thelatter are
able to tolerate a more severe clipping treatment. This was also dependent on the
timeoftheyearinwhichthecutting treatments werecarried out(25).
In an experiment on repeated cutting HIROSE and coworkers concluded (50) that
3-4mowingsperyearwasthebesttreatment,theoptimalcuttingheightfor 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 ofcuttingineachcase.Hesuggestedthatfor eachspeciesthereisa definite
minimumheightofstubblewhichcanbeleft after cuttingwithoutanydamageto the
plants;the best average cuttingheight seemsto bethe4-5 cm.
BURGERetal. (31)and BRYANTand BLASER(30)found adecreasein yieldwhen the
cutting height wasraised.
In all these experiments it should be noted that the intervals or range of intervals
usedbetween cutswere 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 production from three cuts a year than from two cuts with lucerne and lucerne/grass
mixtures.In somecasesacertainfrequency ofcuttingintermediatein the rangeused
wasfoundtobemoreefficient (HIROSEandco-workers,50;KENNEDYandRUSSELL, 61).
However, on this question the majority of authors report that the longer the regrowthintervalthehigheristheproductionobtained(CARTERandLAW,33; CHAMBLEE
et al, 34; GERNERT, 43; GRABER et al., 44; HIEPKO, 49; JAQUES and EDMOND, 54;
PARSONS and DAVIS, 84; PETERSON and HAGAN, 87).

It shouldberealisedthat mostexperimentswereclippingexperiments.It can hardly
be assumed that grazing after such very long intervals would give the best cattle
productions sinceunder such conditions lossesfrom trampling, etc.,would increase
to high values. Moreover, it isa well-known fact that the quality of grass decreases
with the stage of growth, owingto the lower protein content (ARMSTRONG, 13)and
lower digestibility of the organic matter (MINSON etal., 77).
Itistherefore postulated that allthesedisparateresultsareprimarily dueto the fact
that every research worker used his own species or mixture. This creates differences
inrateandhabit ofgrowthwhicharefurther complicated bytheunequal adaptation
ofthedifferent cultivars to the environment.
Secondly, both climatic and soil conditions were very diverse. Moreover, fertilizer
treatment mighthaveaconsiderableinfluence ontheresults. Someresearch workers
evenstatethattheresultsreportedwereonlyfound undercertainfertilizer 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 PLANTRESERVES

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 polysaccharides. Such a high local concentration of carbohydrates is usually designated
asplant reserves,although somecriticismhasbeenlevelled at thisterm (MAY, 73)in
that it "connotes provision for thefuture 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.Ithasbeenfound thatahigherproportion ofthesesubstancesisaccumulated
inthelowerpartsofthestems(ALBERDA,4and8;BAKER, 15;SPRAGUEand SULLIVAN,
96and97).
Muchresearchhasbeendevotedtothestudyoftheseasonalchangesin 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,
moreparticularly duringthe spring,andincreasesduringmaturation,thusindicating
their function as "reserve substances" (WEINMANN, 121). MAY (73) also concludes
that carbohydrate content isinversely related to herbage growth.
But ALBERDA (5)concludes that "the influence of reproductive development on the
carbohydratereservesisoflittleimportancecomparedwiththeinfluence ofdefoliation
either bycutting orbygrazing".Theauthor arrivesat thisconclusion (3and 5) after
experiments in which cutting was performed at different stages of inflorescence development. He distinguished twokindsofcarbohydratefluctuations,viz.a long-term
one due to seasonal variation, and a short-term onedue to cutting or grazing.
Cutting is alwaysreported (ALBERDA, 4and 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 levelprovided suitable growingconditions are allowed.
It has been generally reported that the temperature is inversely related to carbohydrate content (ALBERDA,4; KENDALL,60).Nitrogen fertilization alsodecreasesthe
carbohydrates accumulated (ALBERDA, 8; SPRAGUE and SULLIVAN,98).

Repeated cutting, especially atalow height and ahigh frequency ofdefoliation,
decreasesthereservelevel (GRABER etal, 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
environmentalconditions,butthat cuttingandfertilizing canchangetheirlevelmore
than any natural variation.

2.3 THE RESERVELEVELASANIMPORTANT FACTOR FORREGROWTH

Hithertowehaveconsidered thereservesastheresultofaseriesofpossiblevariables.
Butthisdoesnot meanthat thesereservesarenecessarily ofimportance to the plant,
especially under adverse circumstances. Two main questionsarise, viz.:
a. When and howefficiently can thesereservesbeused?
b. What does the reserve level of a plant mean in relation to further growth under
more orlessadverse conditions?
Thisisparticularly important whenconsidering theregrowth ofgrassesafter cutting
or grazing. GRABERetal (44),inwork onalfalfa and three grassspecies,stated that
'newtopgrowth,especiallyintheearlystages,areinitiated and developed largely at
theexpenseofpreviouslyaccumulated organicreserves,that theirquantityand availability sharply limit the amount of both top and root growth that will occur, and
that progressiveexhaustion ofsuchreservesbyearly,frequent andcomplete removal
of top growth results ultimately inthe death ofthe plant regardless ofthe most
favourable climatic and soil environment". More recently this theory has been supported by other authors (WEINMANN) who attach great importance to the reserves.
ThishaslatelybeensubjectedtomuchcriticismbyMAY(73)and MAYand DAVIDSON
74),whoassumed that theregrowth of a sward is usually afunction ofthe green
T w
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Finally, comparative experiments (12) showed that the reserve carbohydrates have

aneffect ontheinitialrate ofgrowth ofcocksfoot, but that theinitialamount ofleaf
playsa more important part in theregrowth ofryegrass.
Moreinformation should be obtained ontheinfluence ofenvironment and clipping
treatmentsontheaccumulationofreservesandonthepartplayedbythesesubstances
intheregrowthofgrassesandsubsequentlyingrasslandproductionandmanagement.

3

SCOPE OF THE EXPERIMENTS

Twokinds ofexperimentswerecarried out, viz.fieldexperiments andindoor experimentsunder controlled conditions.
A two-yearfieldexperiment wasplanned as the basis for the indoor experiments.
It wasintended to studythe 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,weresubmitted to three different cuttingheightsand thesedefoliations were
repeated atthreedifferent intervalsbetweencuts,bothin 1961 (JulyandAugust) and
in 1962(May,JuneandJuly).
During the first year differences occurred in the rapidity of establishment after
sowingand duringthe second earliness of the cultivarshad an effect on the herbage
harvested at thefirst cut aswellas on subsequent grassproduction. The importance
ofthe date ofthefirstcut wasthen realised in comparing the 1961and 1962results.
Moreover, the plant material had been vernalized in the second year of this experiment, whereasin thefirstyearboth grasseswerefully vegetative.
A new experiment was therefore planned in order to study the effect of repeated
cuttingtreatments,startedat different dates,onvernalizedandunvernalized 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 wastherefore carried out under constant environmental conditions.
Ofthedifferent climaticconditionsofimportanceingrassgrowth,onlytemperature
wasstudied.Withoneexceptionallexperimentswereperformed atfour temperatures
rangingfrom 15°to 30°C.
Several kinds ofexperimentswerecarried out under thesecontrolled 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,wasstudied.
Whentheplant iscut,most ofthe assimilating tissueisremoved. The quicker new
leavesareformed thefaster drymatterproductionwillberesumed.Tostudywhether
thedistribution ofnewlyformed drymatter waschangedafter cuttingan experiment
wascarried outinwhichthisdistribution betweenplant partswasdetermined in undisturbed growing plantsin comparison to plants cut to two different heights. This
wastheonlyindoor experiment carried out at a singleconstant temperature.
To examine whether the reserve status of the plant after cutting had any effect on
subsequentdrymatterproductiondifferent reservelevelswerecreatedina short time
soasnottochangetheleafarealeft after cutting.Drymatterproductionandreserve
levelwerefollowed at different temperatures.
8

Finally, an experiment was carried out in order to obtain someinformation on the
growthofgrassesunderrepeatedcutting(fixed heightandintervalofclipping).Itwas
performed atfour temperatures andtheeffect ofdifferent dayandnight temperatures
was studied at the sametime.
Before giving an extensive description of each kind of experiment it isnecessary to
define some terms used in the following pagesand which are often employed in the
literature with different and confusing meanings.
The termgrowth (viz.growth of thewhole plant or parts of the plant) is only used
in the sense of a visibleincreasein size.Thisusually 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) isused.

Htrbagt
Uaf

(blade)
cutting height

.Top

Stubbls

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.

4

MATERIALS AND METHODS

4.1

FIELD EXPERIMENTS

4.1.1Influence of height of cuttingandinterval between cuts onherbage production
(Fieldexperiment I).
As stated previously with this experiment we tried to study the effect of different
intensities and frequencies of cutting on the growth ofLoliumperenne andDactylis
glomeratain theyear ofsowingand a year later.
Two plots of the same dimensions (50 x 8m) were sown on May 3 withLolium
perenne(Mommersteeg's Engels raaigras) and Dactylisglomerata (Mommersteeg's
Kropaar) in rows separated 0.50 m running lengthwise. To obviate border effects,
5mofeachrowwasomittedfrom theexperiment proper atboth ends;for the same
reason, the three outer rows on both sides were also unused. The rest was divided
into 5blocks ofnine 8mrows.
During thefirstpart of the experiment proper the cutting treatments were carried
out between28.6.61and 27.8.61.
Three heights of cutting, viz.2\, 5and 10cm above the soil, were used in combinationwiththreedifferent frequencies orperiodsofregrowth, viz.10,15and20days.
Two wooden laths of the required height were placed on either side of the row to
becut andpressed together. Thetopscould then becut witha scytheand harvested.
Establishment and earlygrowthwasmuchbetter anduniform inperennial 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
makea slightchangeinthe samplingmethod in the caseof cocksfoot.
Theoriginalplanwastosampleevery5daysforproductionratedetermination.This
was possible withLoliumperenne. However, with Dactylis glomerata initial growth
was so slow and irregular that larger samples had to be taken. This reduced the
amount ofmaterialleft for the 1962experiments,and sothe cutting schedulehad to
bemodified,i.e. for treatments1 and3(10-and20-dayintervals),samplesweretaken
everyten daysandfor treatment 2(15-dayinterval), samples weretaken on the day
ofcutting and onthe seventhday following.
In sampling, the whole shoot down to the roots was taken. In the case ofLolium,
each sample consisted of 25 cm of row. In the case of Dactylis,each sample was
60cmlong.Inboth cases 10cmwasleft between samples.
Fresh weightsweredetermined after washingand blotting withfilterpaper. A subsample of 100tillerswasthen taken, cut into two portions of the appropriate treatment height and thefresh and dry weight determined of both portions. From these
10

data itwaspossibletocalculatethedryweight and thenumber oftillersofthewhole
sample.
Thesamplesweredriedinflattraysinaforceddraft ovenat70°Covernight, followed
by heating to 105°Cfor half an hour.
DuringSeptember 1961,warmtemperaturesandsuitableconditionsforgrassgrowth
wererecorded. At the beginning of October there wasan abundant top growth and
it wasdecided to clear up the wholeplot by mowing allrowsto the medium cutting
height used in the experiment (5cm).
Thewinter of 1961-1962could betermed an average Dutch winter (seeFig.2).
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FIG.2. Climaticconditionsduringthefieldexperimentalperiod.

InthespringDactylisgrewearlierthanLolium, sothatthesituation ofthepreceding
season was reversed. At the beginning of cutting treatments cocksfoot exhibited a
betterherbagegrowththanryegrass,although therowsappeared tobefairly uniform
for both species.
Cuttingtreatments started on 14thMay and werecompleted by25thJune.
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, 15and 20 days in 1961 were changed to become one, two and three weeks respectively in 1962. Cutting heights, number and disposition of the treatments, and
replications were the sameasin the precedingyear.
The method of sampling wasalso slightly modified. 25cm samples of both species
weretaken weekly. Laboratory handling was unchanged.
Environment. Bothfieldexperimentswerecarried out on a sandy soil, an analysis of
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which,madeintheautumn of 1960andtheautumn of 1961,gavethefollowing data:

humus %
pH-KCl
P A1

-

K

(j5fi % )*

(iboo % /

MgO (mg/kg)***

i960

1961

3.7
4.4

3.6
4.5

15
10.4
34

15
8.7
50

* Method of acetate lactate
** K solublein HC1
*** MgO solublein NaCl

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 100kg/ha of ammonium nitrate and 60 kg/ha of potassium
nitrate wereadded, both on 11thJuly and 9th August,1961.
Intheearlyspringof 1962,theyreceivedthefollowingmanurialtreatments:150kg/ha
P2O5,asbasicslag,and500kg/haascalciumcarbonate.Duringtheexperimentproper
100kg/ha ammonium nitrate and 60kg/ha potassium nitrate weregivenin addition.
Fig.2showstherainfall, maximum and minimum temperature and light energy at
Wageningen during the period of the field experiments (data supplied by the Department of Physics and Meteorology of the Agricultural University, Wageningen).
4.1.2 Effect of dateof first cut onproduction by vernalized and unvernalizedplants
(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 cmfrom 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 thefield
on 26th April, 1962,in bunches of 5tillers, in rows 50cm apart, the plant spacing
being40cm.
The cutting schemeconsisted in clippingthe groups of grassesfor four weeks to a
heightof5cmeveryfortnight.Treatmentswereplannedtostartatthetimeofheading
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 ofeachtreatment. The experiment wascompleted on 3.8.'62.
All treatments were sampled once a week. Samples consisted of two plants per
replication, i.e.tenplantspertreatment.The sampleswerehandled inthe laboratory
as described above.
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The plot was situated close to the other field experiment, so that the same soil
characteristics, manuringtreatment and climaticconditionsareapplicable.
TABLE 1. Field experiments. Conditions
HELD 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

3.5.'61
28.6.'61
27.8.'61
2J, 5and 10 cm
10, 15and 20 days
14.5.'62
25.6.'62
2i, 5and 10cm
1,2 and 3weeks

FIELD EXPERIMENT H

(vernalization and date of first cut)
Seeding date of unvernalized material
in the glasshouse
Date of planting tillers in thefield
Loliumperenne
date offirstcut
15.6.'62
date of last sampling
13.7.'62
Dactylisglomerata
date offirstcut
8.6.'62
date of last sampling
6.7.'62

4.2

19.3.'62
26.4.'62
22.6.'62
20.7.'62

6.7.'62
3.8.'62

15.6.'62
13.7.'62

29.6.'62
27.7.'62

INDOOR EXPERIMENTS

4.2.1 Growing conditions
The indoor experiments reported here were carried out in the Phytotron of the
Institutefor Biologicaland Chemical Research on Field Cropsand Herbage,Wageningen.A completedescription of thisunit hasbeen givenby ALBERDA (6).
Theexperimentsproperwereperformed ingrowthroomswithartificial light;previously the plants weregrownin a greenhouseat 20°C ± 2°C,usingnormal daylight
with additional illumination with 400 watt, high-pressure mercury vapour lamps
duringwintermonths.
The growth rooms are also provided with 400watt high-pressure mercury vapour
lamps(Philips HPL) givingalightintensity of 5 X 104ergscm_2sec_1 at theheight
of the pots in which theplants werecultivated (about 40cmbelow the lamps).The
temperaturein the roomscan beheld at the selectedvalue ± 0.3°C.
Tillersofatetraploidcloneofperennialryegrasswereplantedinbunchesof7tillers
13

eachinfour holes ofa hardboard discplaced on top of a 1-litreglassjar, which had
anoutercoatofaluminiumpaint.ClonalmaterialwasalsousedforDactylisglomerata
andplanted in bunches of4tillers perhole.
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 thefollowing composition:
126.4 mg
123.2 „
295.2 „
34.0 „
2.86 „
1.81 „
0.22 „
0.08 „
0.09 „

KNOa
MgS0 4 . 7HaO
Ca(N0 3 )2. 4H a O
KH2PO4
H3BO3

MnClz. 4H a O
ZnSCU. 7H 2 0
CuS0 4 . 5H 2 0
H 2 M 0 O 4 . H2O

Furthermore, 1mlperlitre of a solution ofiron EDTA chelatewasadded whenever
thenutrient solution wasrenewed.
The plants were kept in the greenhouse until they grew vigorously, and then used
for the experiment.
Duringthepretreatment thenutrient solutionwaschanged twiceaweek,and during
the experiment proper three times a week. To avoid differences in light intensities,
windvelocity, etc.,thetrolleysonwhichtheplantswereplacedwereshifted daily to
another position in the growth room and the plants were given anotherpositionon
the trolley whenever the solution was renewed. In this way a position effect on the
growth rooms was avoided.
Thetime and duration ofeachindoor experiment isgiven in table 2.
TABLE2. Indoor experiments. Conditions
Number of

Experiment

Date of
beginning

Duration
(days)

cuts

sampling
dates

Gl
Gd
Rl
Rd
Dl
Dd
Ml

22. 1.'62
24.11.'61
30. 3.'62
6. 8.'62
24. 1.'63
17. 4.'63
26. 9.'62

31
32
25
25
32
40
126

1
1
1
1
0-1
0-1
7

5
5
5
5
5
4-5
7

4.2.2Effect ofcuttingheight andtemperature onregrowth (exp.Gl and Gd).
The aim of these two experiments was to follow the growth of Loliumperenneand
Dactylisglomeratagrownatdifferent temperaturesandcutinitiallytodifferentheights.
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Thetemperaturesusedwere30,25,20and 15°C.The cutting heightswere 10,5and
2i cm.
After theplants had been clipped to therequired height several samples were taken
duringtheexperimentalperiod, inorderto obtaininformation onthefinal statusand
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
hadbeenclippedatthebeginningoftreatments,andthefresh anddryweightofroots,
stubble and herbage were then determined.
4.2.3 Effectofreserve levelandtemperature onregrowth (exp. Rl and Rd).
Theaimwastostudytheregrowthcurvesofgrassescuttothesameheightbuthaving
different levels of total soluble carbohydrates.
In order to obtain a low reserve level, plants were placed in the dark at 30°C for
threedayswithaeration ofthenutrient solution. For ahighreservelevel,plantswere
placed in continuous light at 10°Cfor three dayswithout aeration.
This enabled us to produce plants with the following reserve levels in the stubble:
TSC in stubble as per cent of dry matter
Reserve level
low (L)
high (H)

Loliumperenne
7.8
23.4

Dactylisglomerata
12.3
25.7

Although there were some fairly considerable differences between the two reserve
levels,thelevelsreachedwerefar from extreme.WithLoliumperennethereservelevel
•mayoccasionallyrisetovaluesaround40percentofthedryweightandwithDactylis
a reserve level of 12per centisstillfairly high.
After this pretreatment all plants were cut down to 5 cm and the plants of both
speciesweredividedintofour groupstobeplacedat30,25,20and 15°Crespectively.
Sampling wasalso repeated severaltimes during the growth period.
4.2.4 Drymatterdistribution inundisturbedandcutplants(exp.Dl and Dd).
This experiment was designed to study the distribution of the dry matter formed
betweenroots,stemsandleavesinboth species,togetherwiththeinfluence ofcutting
on this distribution.
Clones of both Loliumand Dactyliswere cultivated in the usual way in the greenhouse.Afterwards theywere placed in a growth room at 20°C.
Thematerialwasdividedinfour groups.Twogroupsofplantswereallowedtogrow
undisturbed and onlythe method ofharvestingwasdifferent; they were sampled for
the first time on 29.1.'63for Loliumand on 17.4.'63forDactylis.
A third group was cut to a height of 2\ cm on 4.2.'63 for Loliumand on 29.4.'63
for Dactylis.The fourth group was cut to 10cm on the same dates. From this date
onward theywere sampled together with groups 1and 2as follows:
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Ateachsamplingtheplant material offivepotspergroupwasused.Therootswere
cut off and taken asa plant portion. The tops of thefirstand third groups were cut
to a height of 2i 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 ofthe second and fourth groups werecut to a height of 10cm. The stems and
leaveswere separated in the same way.
rtioil Group 1and 3

Group 2 and 4

1
2
3
4
5

roots
stems below 10cm
leavesbelow10cm
stems above 10cm
leavesabove10cm

roots
stems below 2\ cm
leaves belowl\ cm
stems above 2\ cm
leaves above2 | cm

The fresh and dry weights of these portions were then determined and the tillers
counted. With regard to this material it should benoted thatLoliumperenne headed
andflowered.Thisiswhythese results cannot bereadily compared to similar results
obtained in experiment Glin which the materialwas kept completely vegetative.
4.2.5 Effect ofrepeatedcutting andtemperature regime ongrassproduction
(exp. Mland 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 asthe other indoor experiments was planted
in Mitscherlich potsfilledwithfinegravel. Six groups offivetillers of this material
were planted per pot in the centre and thefivevertices of a regular pentagon. For
tendaystheywereallowedtorootin theglasshouse intap water.Subsequently they
wereflushedwithnutrient solution twicedaily.For thispurpose sixpotswereplaced
oneachofeighttrolleys andconnected to acarboywithnutrient solution. These251
carboyswerehermetically sealedandconnected tothesixpots ofitstrolleybymeans
ofaplastictubewithrubber connections.Thenutrient solutionwaspressed upwards
into the Mitscherlich pots by means of compressed air. As soon as the solution appeared above the gravelthe pressure wasreleased.
Once theplantshad reached a good sizetheywerecut for thefirst time and placed
under controlled conditions.Theyweregivendaily 17hours oflight (from 4.30p.m.
to 9.30 a.m.) and 7hours of dark. Four trolleys received a constant night and day
temperature of30°,25°,20°and 15°C.Theotherfourreceivedthesametemperatures
during the light hours but during the hours of darkness they were moved to growth
rooms 5°Clower than thelight 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 immediately to the same temperature as the tops. The nutrient solution in the carboys
waschanged threetimesa week.
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Sincethe salt concentration ofthehalf-strength Hoagland solution wastoo low(all
thenitrogenwastakenupintheperiodbetweentwoflushes)adoublestrengthsolution
wasused from the beginning of the experiment proper.
Plantswerecuttothesameheighteverythreeweeks.Thefreshweightoftheherbage
and the number of tillers was determined in each pot and the dry weight per trolley
of sixpots.
Sinceit wasimpossible 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
whichthe fresh weight of the herbage wasnearest 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 usualway.
The herbage removed at every harvest time as well as the plant parts sampled on
27.2.'63were milled and stored for further chemicalanalysis.

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 38species of Gramineae, divided
grasses into two groups, viz. those accumulating in their vegetative organs sucrose
with or without starch (Graminees sachariferes), and those accumulating fructosan,
usuallytogetherwithsucrose,butnostarch{GramineesJevuliferes). DE CUGNAClisted
DactylisglomerataandLoliumperenneinthesecond group, i.e.speciesaccumulating
no starch. WAITE and BOYD only found starch in the mature seed (111).
Cellulose, hydrolysable pentosan and lignin failed to show any decrease after defoliation in greenhouse gravel cultures of perennial ryegrass(96).
Monosaccharides werefound (86,96, 111)in small quantities andfluctuationswere
minimal. Sucrose andfructosan havebeen designated asthe main reserve substances
ingrassesoftemperateregions(86,96,111).Thevariationsinthesetwocarbohydrates
werefound tobethesameduringthelifecycle(111, 113)asafter clippingtreatments
(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
plantsinrelation to their reserves,thewholefraction —monosaccharides + sucrose
+ fructosan = water soluble carbohydrates (TSC)—wasthe 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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5

RESULTS OF THE FIELD EXPERIMENTS

5.1

FIELDEXPERIMENTI. EFFECTONGRASSPRODUCTION OFCUTTING HEIGHT
ANDINTERVAL BETWEEN CUTS

Thefieldexperimentreportedherewascarriedoutinordertoobtainsomeinformation
on theproduction of perennialryegrassand cocksfoot subjected to different combinationsofheightsandfrequencies ofclipping.
Tofacilitate theanalysisofresults,thedata for acertaincuttingheightispresented
astheaverage of allintervals;vice versa, the data for each interval between cutsis
givenastheaverageofallcuttingheights.Thiscouldbedonebecausenointeraction
wasfound betweencuttingheight x cuttinginterval.
5.1.1 Cuttingheight
Untilthefirstcut,growingconditionswerethesameforalltreatments.Thedifferences
inweightatthefirstcutaretherefore onlycausedbydifferencesinthecuttingheight.
Differences in treatment beginto appear in thefollowing cuts(table3).
WithLolium theherbageproductioninthesecond andfollowing cutswasfound to
be highest at the medium cutting height (5 cm), whereas with Dactylisthe highest
yieldwasfound asplantswerecut to 10cm.The samewasfound for total herbage
production.
There was a shift in optimal cutting height as the experiment proceeded. Table 4
showstheherbageharvestedateverycutforplantsdefoliatedevery15days(medium
interval) to the threeheights of cutting. For Lolium,thehighest amount of herbage
washarvestedfrom the 2\ cm cut plantsat thefirstcut,from the 5cm ones at the
TABLE4. Dry weight (g)of herbage harvested at the different cutsfor plants cut every 15days

Cutting height

13.7

28.7

12.8

27.8

5 cm
10 cm

Loliumperenne
83.55
82.00
71.56
113.18
56.67
82.75

89.82
90.25
84.16

51.89
66.77
60.57

43.83
66.75
68.79

1\ cm
5 cm
10 cm

Dactylisglomerata
29.25
51.03
24.04
64.44
13.76
48.03

50.20
59.05
66.45

36.76
50.15
64.67

44.23
65.09
79.26

21cm
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Date of cutting
28.6

second,third andfourth, andfrom the 10cmonesat thelastcut.ForDactylis, 2i cm
appeared to bethe bestcutting height at thefirstcut, 5cmat the second, and 10 cm
at the others. A similar pattern wasfound in results of the other intervals used.
Thesumoftheherbageinthesecondandfollowing cutsandthedryweightincrease
of the stubble represents the portion of the total dry matter production situated in
thetopsoftheplants,following acertainmanner ofdefoliation. Itistermed apparent
drymatterproduction sincetherootswerenotsampled.Inbothspeciesthisapparent
dry matter production increased withincreasing cutting height.
Number
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FIG. 3. Tillering of perennial ryegrass and cocksfoot, repeatedly cut to three different heights.

In Fig. 3the number of tillers per 1.5 mrow isplotted against time for all cutting
heights. For Dactylisno 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;
onlytheplants cut to 2\ cmseem to havehad alowerrate oftillering. Subsequently
thistillernumberdecreasedatdifferent rates,sothat oncompletion oftheexperiment
there was a marked increase in the number oftillers with height of cutting.
The stubble massincreased during the whole experiment as did also the calculated
stubble weight per tiller. Thisincreasein the stubble weight per tiller wassmaller in
shorter cut grass.
InFig.4thepercentage oftotalsolublecarbohydrates(TSC)left inthestubble after
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defoliation isplottedagainsttimeforplantstreatedwiththeshortestinterval(10days)
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 ina downward direction. After the first
cut thiscontent fell in alltreatments. Thefall wassteeper for the shorter-cut plants;
plants clipped more severely needed more reservestoinitiate growth. Hence atthe
second harvest the plants which had been previously cut higher, appeared tohavea
greater TSC content.
•k T.S.C.

,stn stubbit

•/oT.S.C.
in stubble
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FIG.4. Solublecarbohydratecontentinstubbleofplantscutevery10daystothreedifferent heights.

For Dactylis the samepattern wasfound, although variations were always smaller.
The TSCcontent wasalso lower for cocksfoot than for perennial ryegrass.
The strong fluctuations in TSC content during the experiment were most probably
duetochangesinclimaticconditionssincethereisevidencethat sugar concentrations
vary much more smoothly when the plants are repeatedly cut and under constant
conditions.
In 1962noafter-effects ofthe treatment ofthe previous year could beobserved.
Only theweight ofthefirstcut increased with decreasing cutting height (Table5).
This year Dactylisgrew earlier inthe spring and therefore produced much more
herbageatthefirstcut than Lolium.This isunlike thefirstcut in1961.
In subsequent cuts herbage production was better forboth species, inplants defoliated to5cm. For Dactylisthe poorest herbage production was obtained from
plantscutto 10cm.ForLolium,asintheprecedingyear,thepoorestwasfrom plants
cut lowest.
ForLolium (Fig. 3)tillersweremore abundant the shorter the plantswerecut. The
point isthat this kind of plant suffered less during the winter (Fig. 7).Itcould even
be stated that the rate of tillering was slightly better for plants cut to 10cm sinceit
differed lessin tiller number from theothertwocuttingheightstowardstheendofthe
experiment.
For Dactylisthehighestcutrowswerelessdensefrom thebeginning ofthe season.
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However, therewasno significant difference between the 2i and 5cmcutting treatments.
The weight of the stubble decreased in all treatments, and particularly in thefirst
fifteen days.
5.1.2 Frequency ofcutting
Table 3showsthat, for both species,the longerregrowth interval resulted in greater
herbage production and apparent dry matter production for a 1.5 mrow.
For Dactylis,cutting frequency had no effect on tillering. But for Lolium, tiller
-j3-^
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FIG. 5. Tillering of perennial ryegrass and cocksfoot cut with three different frequencies.
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number increased during the initial 25-day period for all three frequencies. Thereafter 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 werelessfrequently defoliated.
For the medium clippingintensity the TSCcontent in the stubbleisplotted against
time in Fig. 6. In all casesthe 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 speciesthelessfrequently the plantswere clipped the higher
wasthe TSCcontent and the smaller theinitial 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
lessfrequently in 1961.Thefirst cutinthissecondyearwastherefore higherfor such
plants (Table 5). The same trend was found for the subsequent herbage cuts and
consequently for the total also.
Dry wtight
500

Yior
1961
Cutting hllght (cm) 2.5

10LIUM PERENNE

19S2

1951

19E2
S

1961

1962
10

HI Initial stubblt dry wtight
^

Final stubblt dry wtight

p i First htrbagt cut (dry weight)
^

Total following htrbagt cuts (dry wtight)

FIG. 7. Initial and final status ofrows ofperennial ryegrass intheexperimental periods of 1961and
1962.See text.

ForLolium(Fig. 5)thehighest tiller number wasfound for thethree-week interval,
followed by 1 and 2weeksrespectively.
For Dactylis no significant differences were found between clipping frequencies,
exactly asin1961,
25

5.2

OVERWINTERING

From the 1961finaland 1962initial stubbleweightsitispossible to study the effects
of the winter period upon the grasses treated in different ways (see also Table 6).
Fig. 7and Fig. 8show the initial andfinalstubble weights per 1.5 m row together
with the herbage production in both years divided into first cut and following cuts.
For Loliumthe changes in stubble weight were caused by parallel changes in tiller
number and tiller weight. For Dactylis matters are somewhat more complex. The
increasein stubbleweight duringthewinter inplantscut to 2\ cmand 5cmresulted
Ory might
SOOrfl
DACTYLIS GIOMERATA

Yeor
1951
cuttingheight(cm) 2.S

1961

1962

1962

| H Initial ttubble dry weight
E3 Final stubble dry weight
g

First herbage cut (dry weight)

0

Total following herbage cutt'dryweight)

FIG.8. Initial and final status of rowsofcocksfoot intheexperimental periods of 1961and 1962.
Seetext.

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 10cm both the tiller number and
tillerweightdecreasedduringwinter. Somethingsimilarcanbeseenfor theintervals.
A 10-dayinterval showed anincreasein stubble weight resultingfrom an increasein
tillerweight and a decrease in tiller number. For the 15-dayinterval the decrease in
tiller number outweighed theincrease in weight, so that there was a decrease in the
total stubble weight per unit ofrow. For the 20-day interval both tiller number and
tillerweight decreased duringthe winter.
A general result for both species seems to be the inverse relation between stubble
weight at the end of 1961and that at the beginning of 1962.The denser the stubble
26

mass(manyand/orheavytillers)attheendof1961 season, thegreater werethelosses
during thewinter period.
Theresult ofthiswasthatthegreatdifferences attheendof 1961 causedby different
treatments disappeared largely during winter.

5.3 FIELD EXPERIMENTII. EFFECTOFDATEOFFIRST CUTONPRODUCTION BY
VERNALIZED ANDUNVERNALIZED PLANTS

The aim wasto study the effect ofcutting onLoliumperenne and Dactylisglomerata
in relation toboth vernalized and vegetative plants and tothe date onwhich defoliation treatments began.
For both species, the dry weight ofthe first cut (Table 7) was always higherfor
vernalized plants, except for Loliumatthe latest initial date.
For ryegrass the herbage production atthe second and following cuts was always
higher forthe unvernalized plants and the same was true ofthe total herbage production. For Dactylisno consistent results were obtained. However, it seems that
therewasatendencyforvernalizedplantstoproducemoreherbageinthetwoearlier
cutting treatments.
As expected,thefirstcut was higher and formed a greater proportion ofthe total
Number of tillers
per 10 plants

Tillers
vernalized unvernalized
o
undisturbed
9
first cuten*.
•
a
15.6
A
A
22.6
T
V
6.7

7000

15/6 22/6 29/6

6/7 13/7 20/7

27/7

3/B 10/8

17/8
Date

Fio. 9. Tillering inrepeatedly 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 itwas done. Herbage production atthe following cuts
alsoincreased when theinitialcut wasmadelater. Bothfacts resulted inaconsistent
increase in total herbage production in the same direction.
Inallcasesthestubbleincreaseditsweightduringtheexperimentandtheseincreases
were much more considerable for unvernalized plants.
In Figure 9the number oftillers per 10plants isplotted against time for Lolium
perenne. Vegetativeplantsproducedmoretillersthanvernalized ones.Clippingsomewhat checked tillering, but with the samerelative intensity for both kinds of plants.
The date ofthefirstclipping doesnot seem to have affected tillering.
For Dactylis, asfound by other research workers (65,66)and in other experiments
reported inthis paper, differential clipping treatment did notappear tohave any
effect onthe rate oftiller production. During the first 35 days itwould seem that
vegetativeplantsproducedmoretillersthanvernalizedones,butafterwards theresults
became completely confusing. However,itcan beconcluded that neither defoliation
nor the date of thefirstcut had adetectable influence on tillering.
Table 8showstheweight ofthedifferent plant partsexpressedasgper 1000tillers.
In all casesvernalized tillershad the greatest amount of herbage.
5.3.1 Effect ofvernalization
ThegrowthofundisturbedvernalizedandunvernalizedplantsiscomparedinFigs.10
and11.
Htrbag*
gdm./IO plants
1200 r

Hirbagc
gdm./10plants
1200 r

Dactylis glomerate

lolium pwennt

/ /
• Vtrnaliztd plants
o unvtrnaliztd plantt
15/622/6

27/7 3/8 17/8
Date

6/7

8/615/6 29/6

20/727/7 3/8
Datt

FIG. 10. Herbage production of vernalized and unvernalized plants of perennialryegrass and cocksfoot growing undisturbed.
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FIG. 11. Stubbledryweightinvernalizedandunvernalizedplants ofperennialryegrassand cocksfoot
growing undisturbed.
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For Loliumthe 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 instubbleweight,sincetheherbageproductionwasabout thesameinboth
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 floweringtillersand theshedding oftheseed.Inthisperiod the stubbleweightof
theunvernalizedplantsincreasedalmostexponentially,probablyduetothe 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 Dactylisthe total weight ofboth vegetative and vernalized plantsdid not differ
muchat theend oftheexperiment.Theweight ofboth stubbleandherbageincreased
almost exponentially, but the herbage of the vernalized plants at a somewhat higher
ratethan that oftheunvernalized ones.At the end oftheexperiment thereversewas
true for the stubble, but the decrease in weight observed in the vernalizedLolium
plantscould not befound inDactylis.
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6.1

RESULTS OF THE INDOOR EXPERIMENTS

EXPERIMENT G. EFFECT OF CUTTING HEIGHT AND TEMPERATURE ON REGROWTH

In the case of the regrowth of grasses cut to different heights more accurate information was aimed at than that obtained from field experiments. (See methods, experiments Gland Gd.) Although the phytotron enabled this to be studied under
different conditions,the temperature wasthe only climaticvariable studied.
Totot drymatter production
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FIG. 12.Totaldrymatterproduction ofLolium andDactylis growingunderfour different temperaturesafter 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. 12and 15),at any rate during theperiod of the experiment
which never exceeded 35 days after the initial cut. This exponential production did
not start immediately after cutting but a few dayslater.
For the range oftemperatures used thedifferences inrate ofdry matter production
werenot very great. It is onlyin the case ofperennial ryegrass at 30°Cthat the rate
ofgrowth differed somewhat from the rest. Thiswas mainly due to the last sample.
At thistimeplantswerelarge and thetranspiration needswereconsequently greater.
Thewater supplywasinadequateduringthelastdaysanddroughtbecamea limiting
factor for the normal growth of these plants. If in Fig. 12we only consider thefirst
four harvests the resulting line willdiffer muchlessfrom the other three.
Forboth speciestheoptimal temperaturewas20°,followed by25°andthen 15°and
30°. The Dactylisplants 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 intilleringbetween thetwo specieswereveryconspicuous:withthe
Lolium theincrease in tiller number wasmuch greater and more or lessexponential,
whereas with Dactylis the number increased slowly and was approximately linear
withtime.
No distinct effect of the temperature on the rate of tillering of both species could
be detected.

6

8 10 12 1 ' 16 I I 20
Total plant production (gdm)

FIG. 13.Herbage/totalplantdrymatterdistributionatfourtemperaturesafter cuttingto5cm.

In Fig. 13 the herbage dry weight is plotted against total plant production. No
apparent temperature effect could be detected, the only exception being theLolium
plants at 30° of which, as stated earlier, the last samples suffered from drought. It
can therefore be concluded that temperature hasno effect on the distribution of dry
matter amongherbage and therest of the plant.
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InFigure 14theTSCcontentinstubbleisplottedagainsttimefor plantscutinitially
to 5cmandsubjected tothefour temperaturesused.Inallcasescuttingwasfollowed
bya dropinTSCcontent. At alltemperatures thisdropwasgreaterforLoliumthan
for Dactylis.Afterwards the TSC content increased with time. Both Lolium and
Dactylis plants started with approximately the same reserves. After the initial drop
Lolium recovered itsreserves more rapidly and towards the end of the experiment it
had ahigher TSCcontent than Dactylis. Theinitial dropwasalso directly related to
temperaturefor both species.Thereafter thetemperature effects becamelessclear.

Doctylis glomeroto

.
x
+
o

30«
25*
20°
1S»

10
1
16
30
Ooy« after cutting

0

I

4

17
31
Doys QfUr cutting

FIG. 14. Soluble carbohydrate content in the stubble of plants growing under four temperatures
after cuttingto5cm.

6.1.2 Cuttingheight
Therelativerate oftotalplant production wasnot affected bythe stubbleheight left
after defoliation (Fig. 15).These curveswere drawn as a mean of all temperatures,
as it has already been seen that the effect of temperature on the rate of plant production wasnot so important for the range of temperatures used and the length of
the experiment.
With Loliumperenne a clear effect could be observed of the cutting height on the
rate of tillering. Fig. 16 shows that after four days the longer-cut plants had the
highestnumber oftillers.Itcanbeconcluded that thehigheraplantiscutthegreater
isthenumber oftillersitproduces.
Therateoftilleringwasretardedimmediatelyafter cuttingandincreasedagainsome
days afterwards. There was a kind of time-lag, the length of which seemed to be
inverselyrelated to theheight of cutting.
The samesort oflagisfound in the tillering ofDactylis (Fig. 16),but in thiscase,
asin the outdoor experiments,no effect ofcuttingheight could be detected.
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FIG. 15.Totaldrymatterproduction ofplantscutinitiallytothreedifferent heights.
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FIG. 16. TilleringinplantsofLolium andDactyliscutinitiallytothreedifferent heights.
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FIG. 17. Drymatterdistributionoverherbageandtotalplantafter cuttingtothreedifferent heights.

In Fig. 17the herbage dry matter isplotted against the respective total dry matter.
Aswehave already concluded that thetemperatures used had no effect on the slope
oftheselines,thedatahavebeenaveragedfor allfourtemperatures.Aswasalsoseen
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above, for every treatment the points are on a straight line. As might be expected,
the slope of such linesincreases with decreasing cutting height. For a given cutting
height the slope of the lines is about the same for both species indicating that the
plant, at least under the constant conditions of the experiment, distributes its dry
matter increment in a constant ratio above and below theinitial cutting height.
Forperennialryegrass,theherbagedrymatter oftheaveragetillerwasthesamefor
all three cutting heights, so that the number of tillers determined the total herbage
production. Inversely for Dactylis glomerata the individual tiller is the main source
ofherbageproductionvariation, sincethenumber oftillerswasfound tobethesame
for allheights ofcutting (Fig.16).
•kT.s.e
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FIG. 18. Soluble carbohydrate content as percentage of the total plant dry matter in plants cut
initiallytothreedifferent heightsandplaced at25°C.

InFigure 18,theTSCcontentasapercentage ofthetotalplant dryweightisplotted
against time for plants at 25°.A kind of U-shaped curve was obtained, in which, as
mightbeexpected,theinitialTSCcontentwashigherfor theshorterstubbleleft after
cutting. This shape of curve was far more distinct with Loliumthan with Dactylis.
Theminimumpoint onthesecurveswaslowerfor thosebelonging to the shorter cut
plants. The increase in TSC content after cutting began earlier for the plants cut
higher. However, it seems that after a given period there was a tendency for the
reserve content to become about the same for all cutting heights, as was the case
towardsthe end oftheexperiment withLoliumperenne.

6.2

EXPERIMENT R. THE RESERVE LEVEL AS AFFECTING REGROWTH AFTER CUTTING

The regrowth of plants cut at different reserve levels was studied. These differences
in initial concentrations were created by differential environmental treatments immediately prior to clipping(seemethods).
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For a study oftheeffect ofreservesongrowth theideal situation would beto have
plantsdiffering onlyinTSCcontent. However, sucha situation isverydifficult ifnot
impossible to obtain, since different external conditions will create differences not
only in sugar content but also in such things asplant size, nitrogen content, etc. In
thisconnection it isimportant tokeepthepre-cuttingtreatment asshort aspossible.
Consequently, the differences in reservelevelwere occasionally not verylarge, as for
instance the difference between H- and L-plantswith Dactylis. Nevertheless, in both
speciesarealdifference wasobtainedintheinitialreservelevel,althoughitwasgreater*
for ryegrass than for cocksfoot.
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FIG. 19. Totaldrymatterproduction after cuttingofplantswithtwodifferent reservelevels.

IB
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FIG.20. Tilleringafter cuttinginplantsofLolium withtworeservelevels.
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Inbothgroupsofplantsdrymatterproduction wasexponential,asbefore (Fig.19).
Sincethecurvesfor higherandlower sugar contentrun parallel for both species,this
meansthat there was no difference in the relative rate of dry matter production.
The initial number of tillers was the same in both groups of plants. WithLolium
perenne this number of tillers increased immediately after cutting when the reserve
levelwashigh.Whenthesugarcontentwaslowtherewasatime-lagofabout 10days
intillerformation.Afterwardstilleringwasrenewedatapproximatelythesamerelative
rate (Fig.20).
InFigure21thenumber oftillersisplotted against temperaturefor H-and L-plants
10 and 25 days after the initial cut. For both species the rate of tillering of plants
at 30°appeared to bedistinctlylowerthan at the other temperatures.Loliumtillered
morerapidlythanDactylisaswasthecaseintheotherexperiments.A marked effect
ofreserve levelontilleringwasapparent in the case ofperennial ryegrass,but in the
case of cocksfoot this wasonly apparent at the higher temperatures.

*=tr:

Reserves

— Higher level
— Lower level
° } 10days after the
initial cut
? } 25 days after the
initial cut

20

25

Lolium perenne

30 K

20

25

30 «C

Dactylis glomerato

Fio.21. NumberoftillersinplantsofLoliumandDactyliswithtwo different reservelevels,10and
25daysafter cutting.

For Loliumthe initial sugar content in the stubble was about three times as high
intheH-plantsasintheL-plants(Fig.22).Withthefirstgrouptheconcentration fell
immediately after cutting. Atemperature effect could also be easilydemonstrated in
theseplants, the drop beingsteeper withincreasingtemperature. Between 5-10 days
after cutting the TSC content increased again for all temperatures. With the low
sugar content the initial drop washardly visible at any of the temperatures and the
TSCcontentremainedapproximatelyconstantuntilariseoccurredataboutthesame
timeafter cuttingaswiththehigher sugarplants.At theend oftheexperiment there
were still differences between the both groups, these becoming slightly larger with
increasingtemperature.
ForDactylisthegeneralfeatureswerethesame,butthetrendinsugarconcentrations
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wasfar more irregular. The sugar content of the H-series at the time of cutting was
slightlymorethandoublethatofthe L-seriesand at theend of theexperiment itwas
only at 30°that the TSC of the H-series wasstill above that of the L-series.
Theinitial post-cutting period did not yield muchinformation. It might have been
interesting to have some intermediate points between the time of cutting and that
ofthefirst samplingwhich occurred 4dayslater for Lolium and 3daysfor Dactylis.
This could have enabled us to specify more accurately the starting point of exponential growth in the curves of Fig. 19.Unfortunately we were unable to do this
on account of the lack of sampling material. But some statement of what happened
can be made by studying the variation in the stubble dry weight, the amount of
solublecarbohydrates inthestubble,and theleafgrowthat thefirst sampling.These
are shownin table 9for Lolium and in table 10forDactylis.
Lolium pcrennc

t

10

18

Dactylis glomerata

25

3

10 13
25
Daft aft«r cutting

FIG. 22. Soluble carbohydrate content in stubble of plants with two different reserve levels.

For both species and in all cases the H-plants produced more herbage dry matter
than the L-plantsshortly after cutting.The stubble weight ofthe H-plants decreased
relatively more than that of the L-plants. In the latter case there was even a slight
increase with the Lolium plants. The differences in stubble weight ran parallel with
differences in the amount ofTSCin the stubble,but in general the lossesin stubble
dry weightweregreater than those inTSC.
6.3

EXPERIMENT D. DRY MATTERDISTRIBUTIONIN UNCUT AND CUTPLANTS

Cuttingconsiderably reducestheamount ofgreentissue,sothat italsodecreasesthe
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rate of assimilation. The distribution of this small amount of assimilates over the
various plant organs, particularly the leaves, may be of major importance for subsequentplantproduction. The purpose ofExperiment D wasto studyifandto what
extent dry matter distribution isaffected by cutting.
Comparisonsweremadebydividingthesampledplantsfirst intothreeportions,viz.
roots, stubble (2i or 10cmlong) and herbage (from 2\ or 10cmupwards) and then
subdividing these two topportions into leaf and stem(see Fig.1).
6.3.1Leafproduction
The best way of studying changes in dry matter distribution over the various parts
oftheplantistoplottheweight ofonepart againstanother oragainstthetotalplant
weight. A curve of thistype weterm a distribution curve (after VAN DE SANDE BAKHUYZEN (16)and WITTENROOD(129).In Fig.2£ theleaf dryweightisplotted against
total dry weight on a logarithmic scale. Since undisturbed plant production is exponential, alogarithmic representation giveseachpoint onthecurveabout the same
relativevalue.The distribution curveona doublelogarithmic scalewillbea straight
lineonlyifthere isa constant distribution andifit meetsthe origin whenplotted on
Leaf production
(g din.)

l o a f production

(gd.nO
10 2 r

LoUum percnna

./

Doetytis glomtrato
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/
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/ I
/ I
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i

i
i
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• Undiiturbod plants
OCut to ZScm
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^ Situation aftor cutting
._

.

i
10'

i

—

Total plant production
(g.dm.)

"HoT"

l

10*
Total plant production
(g.dm)

FIG.23.Drymatter distribution overleafand totalplantinplantsgrowingundisturbed compared
withcutplantstotwodifferent heights.
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a linear scale.In thiscase the resulting straight line willform an angle of 45°to the
ordinates.
ForLolium thedistributionlinefor undisturbed plantproductionforms suchan45°
angle. When the plants are cut to 2\ cm or 10cm the leaf weight is more reduced
than the total plant weight. The arrow in the figure indicates the leaf/total ratio
immediately after cutting. After this defoliation the leaves formed by the plants cut
to 2i cm were nearly all new; this changed gradually into the formation of other
plant parts aswell,until after 15daysthe original pattern of dry matter distribution
was again reached. With plants cut to 10 cm the reduction in leaf dry weight in
relation to total plant weight wasless.In this caseit took only 10daysto reach the
originalratio.
Similar results were obtained with Dactylis.Plants cut to 2i cm recovered their
initial leaf/total ratio 28 days after defoliation, and plants cut to 10cm after only
18days.Dactylis recovered much more slowly thanLolium,this probably being due
to the fact that cocksfoot has more stem and lessleaf in the stubble than ryegrass,
as can be seen in table 11, in which the leaf and stem dry weights in the stubble of
undisturbedplantsofbothspeciesaregivenatdifferent timesoftheirgrowingperiods.
TABLE 11. Leaf and stem weight in the stubble of undisturbed plants of perennial ryegrass and
cocksfoot
Stubble height
Days after
beginningexp.

2* cm
leaf
g

5 cm
stem
g

leaf
g

stem
g

6
11
21
32

Loliumperenne
0.15
4.47
0.17
5.45
0.04
11.37
0.00
21.71

2.82
3.79
4.75
5.49

5.16
9.12
18.32
37.71

0
6
12
26

Dactylis glomerata
0.00
9.16
0.00
10.79
0.00
14.44
0.00
33.97

2.29
2.56
2.38
6.83

11.77
16.03
21.18
49.35

Instead ofplottingthe weight oftheleafbladesagainst thetotal plant weight, asin
Figure 23,it is also possible to plot the plant dry weight above the level of cutting
(herbage) against the total plant weight. This was done as it gives a better approximationofthegrassyieldinactualpractice.Fig.24showsthatinthiscasethe original
ratio was not restored. After an initial period in which the production of plant
material above the level of cutting was provided to a relatively greater extent, a
situationwassoonreachedinwhichthenewlyformed materialwasdistributed above
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FIG. 24. Herbage/total plant dry matter distribution in cut and undisturbed plants at two different
heights.

and belowthecuttinglevelin thesameratio asbefore cutting,but the originalratio
isnot reached again.
This isprobably due to the fact that the stem portion in the herbage of cut plants
decreased compared to that of undisturbed plants. Table 12showsthat on the one
handtheherbage stem/stubblestemratiowaslowerincutplantsthaninundisturbed
plants,and ontheother hand thattheleaf/stem ratioinherbageincreasedasaresult
ofcutting.Thismeansthat after cuttingthe amount ofleafinherbageincreased at a
higherrate than thestem.
Cutting affects the rate oftillerformation ofperennial ryegrass(table 13).Immediately after cutting the rate of tilleringisreduced. But towardsthe end of theexperiment,tilleringseemedtoincrease,sothatthedifferences betweencutanduncutplants
disappeared.Noeffect oftheheightofcuttingcouldbedistinguished.With cocksfoot
no effect of cutting on tillerformation was found.
It should benoted that duringthewinter 1962-63material could not bekeptin the
glasshouseswithoutbeingvernalized.Thuswhenthisexperimentwasstarted,Lolium
perenneplants found suitable conditions for flowering. With Dactylis no flowering
wasobserved since the experiment wascarried out later in theseason.Table 13also
shows the number of earbearing stalks at the end of the experiment. Clipping de43

creasedthenumber ofearsinLolium plants,inplantscut to 2i cmitwasreduced to
lessthan half the number of the uncut plants.
Inboth speciestherate ofdrymatterproduction oftherootsdecreased after cutting

TABLE 12. Leaf and stem weight in stubble and herbage at the end of the experiments in cut and
uncut plants of perennial ryegrass and cocksfoot

Uncut plants
Stubble height

Cut plants

2|cm
g

10cm
g

2^cm
g

10cm
g

Loliumperenne
Stem in the stubble
Stem in the herbage
Leaf in the stubble
Leaf in the herbage

21.71
35.29
0.00
37.01

37.71
15.31
5.49
46.87

15.02
10.10
0.00
31.22

36.24
10.69
7.36
37.34

Dactylisglomerata
Stem in the stubble
Stem in the herbage
Leaf in the stubble
Leaf in the herbage

33.97
17.94
0.00
48.67

49.35
1.10
6.83
42.61

23.02
7.07
0.00
26.39

57.06
0.88
2.95
48.68

TABLE 13. Number of tillers at twoclipping heights in comparison with unclipped plants

Days after
begin,exp.

Day of cutting

Day of cutting
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Loliumperenne
0
5
11
15
21
26
32
Ears
Dactylisglomerata
0
6
12
19
26
33
40

Undisturbed
(2groups, 1

Cut to

144
220
275

144
213
301

436

441

673
55

702
44

75
129
121

64
126
128

251

197

2^cm

10 cm

275
285
350
429
673
20

301
338
384
426
771
35

121
138
157
199
236

128
158
171
173
214

Undisturbtd

Roots
(gd.m.)
20 r

Roots
(g dm)
20 r

a and +

cut to 10 cm
x
cut to 2,5 cm
o
Moment of cutting f

Dactylis glomirota

Loliurn pirsnnt

L^r/ •°*
10

20

30
Tlmi (days)

10

20

30
«0
Tims (doys)

FIG.25. Root dry matter production in plants growingundisturbed, compared with plants cut to
twodifferent heights.

Undisturbtd •
Height 1 ' c m { c
.Cut
X
Htight 2.5cm{

Undisturbtda
•Cut

o

Momtnt of cutting •

FIG.26. Stubbledrymatterproduction incutandundisturbed plantsattwodifferent heights.

compared to the controls. There was even a temporary decrease in weight in both
species after cutting to 2i cm (Fig. 25). After about one week the rate gradually
increased again,finallyreaching about the samevalueasthecontrols.
A similar pattern is obtained when the stubble weight is plotted against time asin
Fig.26.Plants reduced their stubble growth when cut and in severalcasestheyeven
lostsomeweightat thebeginning.Plantscutshortreduced theirstubblegrowthmore
than those clipped more leniently.
Finally,table 14showsthereductionintotalherbageproductioncausedbycutting.
Clippedplants arepresented withtheirherbageregrowthplustheinitialherbagecut.
At each moment after cutting it can be seen that clipped plants produced less than
undipped plants. Furthermore, the reductions are more than proportional to the
material removed.
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TABLE14.Herbageproduction at subsequent harvestsfor plantscutto different heightsinrelation
tounclippedones
Stubble height
Days after
begin, exp.

Day of cutting

Day of cutting

6.4

Loliumperenne
6
11
15
21
26
32

2icm
uncut
g

8.20
14.41
41.43
92.30

Dactylisglomerata
0
13.34
6
17.99
12
27.93
19
26
66.61
33
40

10cm
cut
g

14.41
16.31
22.68
33.10
55.73

27.93
31.86
38.52
48.57
61.39

uncut
g

3.72
10.13
28.75
62.18

8.78
13.37
20.46
43.71

cut
g

10.13
13.75
22.63
33.55
58.16

20.46
26.71
35.53
47.18
63.92

EXPERIMENT M. EFFECT OFREPEATING CUTTING AND TEMPERATUREREGIME

The effect of repeating cutting on herbage production was studied in both ryegrass
and cocksfoot at different temperatures. TheDactylis tillersused for the experiment
formed many ears; apparently this was the cause of the very irregular results obtained. Although there was some evidence that cocksfoot behaves in a similar way
as ryegrass, no definite conclusions could be drawn from the data. Hence only the
data for Loliumaregivenhere.
Starting with Fig. 27, it can be seen that the highest herbage production was not
alwaysfound at thesametemperature ortemperature combination.The temperature
of30°orthecombination 30/25°gavethepoorestgrowthinallcuts.Considering first
theconstanttemperatures,the25°temperaturegavethehighestdrymatterproduction
at the first harvest. At the second harvest, however, this took second place to the
plants at 20°, whereas at the following harvests the lowest temperature gave the
highest yields.The same pattern was found with a night temperature 5°lower than
thedaytemperature,the25/20°plantcomingfirstforthefirsttwoharvests,the20/15°
for the third harvest andthe 15/10°for the other harvests (with the exception of the
last).The 5°dropinthenighttemperature resulted ina somewhathigher dry matter
production,althoughthecombination 15/10°did not differ significantly from that at
46
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FIG. 27. Herbage production at the successivecutsofperennial ryegrass under different temperature
regimes.
Herbage production
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150

—
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.
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FIG. 28. Comparison between herbage production of twoexperimentswithoverlapping temperature
ranges. See text.

a constant temperature of 15°.In all casesthere wasa tendency to reach a constant
herbage production after a certain number ofcuts.
From a similar experiment with temperatures ranging from 10°to 25° we plotted
theherbagedrymatteratthefirstandthesixthcutagainsttemperatureincomparison
with the results of the present experiment for the same cuts (Fig. 28).Although the
weightswerenotequal,asimilartrendwasfound,viz.anoptimalherbageproduction
atthefirstcutbetween20-25°Candatthesixthat 15°.Inthiscasethemostinteresting
feature isthat bothat thefirstandsixthcutsplantsat 10°producedlessherbage than
those at 15°.
The rate of tilleringwasalso distinctly affected bytemperature (Fig.29).At 30/30
the number of tillers gradually decreased with successive cuts, especially after the
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third.At30/25°thenumber remained moreorlessconstant,andfor theother temperatures the number increased with decreasing temperatures or temperature combinations.
Afurther shifting effect ofthetemperature maybeobservedinthegrowthinlength.
Number
of tillere
i000 r

Day temp.»Night ttmp.*5°CP-—....0*'

Day temp.. Night temp.

2000

S

.

V
Day temperoturee
30» c • — •
2S» C x x
20» C .
.
15» C o . ~ o

.-V ,"y
•-•*r<nr~

FIG. 29. Tillering inLoliumunder repeated cutting and different temperature regimes.
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ptr tiUtr
Cmgdm.)
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Herbage
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60 r

Dpytemp.• Night temp,• 5°C
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30 •
20 10 •

-o

V

o...

Day temperature!

—..—•
0L

L.

30° c • - — .
25° c « — «
20» C t - ~ +
15° C O"—O

6 Cute

FIG. 30. Averageherbageproduction pertillerateveryharvestinLoliumunder different temperature
regimes.

At allharvests the maximum length wasfound around day temperatures of 20°and
25°, the length slightly decreasing towards 30° and considerably at 15°. At 10° the
plantsremained very short. Thenight temperature did not seem to have an appreciable effect on the growth in length.
Owingtotheseeffectstheherbage weightper tiller (Fig.30)wasverylow at 30/30°,
formingfairly longshootsatthistemperature,followedby30/25°withaboutthesame
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TABLE 15. Plants weights at the end of experiment M

1

Temperature1
°C

Root
g

Stubble
S

Herbage
g

Total
g

Tiller weight
g

15/10
15/15
20/15
20/20
25/20
25/25
30/25
30/30

16.4
15.5
15.5
19.2
10.0
14.3
4.4
2.3

8.2
6.6
6.3
5.5
4.6
3.2
2.1
1.6

20.5
15.8
19.2
15.7
12.8
8.5
2.7
0.9

45.1
37.9
41.0
40.4
27.4
26.0
9.2
4.8

0.069
0.082
0.108
0.126
0.095
0.136
0.070
0.034

Temperature treatments are given as day temp./night temp.

appearance,andthenby15/10°at whichthetillerweightislowonaccount ofitshigh
number and the smalllength.
Moreover it is a remarkable fact that herbage production per tiller appeared to be
practically constant at all temperatures. At constant temperatures the maximum
herbage production per tiller was found with the 20° plants. For the plants with a
lowernighttemperaturethoseat 20/15°and25/20°produced about thesameamount
of herbage per tiller and the highest of the four treatments. From this it may be
concludedthatthereisanoptimaltemperaturelyingbetween20°and25°for herbage
production per tiller. The greater the difference between a certain temperature and
the optimal, the smaller will be the weight of individual tiller grown under these
conditions (Fig.31).
Hcrbagt dm.p«r tilltr (mg)
tOrSO
(0 •

30 20 10 •
15 15 20 20 25 25 30 30 °C Day limp.
10 15 16 20 20 25 25 30 »C Nigh!t«mp.

FIG. 31. Average herbage production per tiller in Loliumunder different temperature regimes.

Table 15showsthedryweightsofthevariousplantpartssampledatthelastharvest.
With a few exceptions, the total plant material and the herbage weight per pot increased with decreasing temperatures. The average dry weight per tiller increased
withtemperature, but fell sharply when the temperature exceeded 25 .
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DISCUSSION

The dry matter production of a grass sward during early growth was found to be
exponential. At thistime the number of leaves and tillersis on theincrease thereby
reducingthe area ofbareground. Whenthevegetationcoversthesoilsurface in such
a waythat thelight iscompletely intercepted, dry matter production becomeslinear
with time (BROUGHAM, 22)until other factors interfere (seebelow).
D E WIT, DUKSHOORN and NOGGLE (128) have clearly stated the effect of a closed
crop condition on differences in growth rate. If for some reason the early growth of
a certain crop is delayed compared to another crop of the same species, relative
differences in dry matter production will increase during the period of exponential
growth.Therewillprobablybetotallightinterceptionofbothplantswhentheyreach
the same size. Consequently both crops will grow at the same rate of dry matter
production when the crop with the slowest growth rate has reached the stage of
complete lightinterception. The differences in dryweight which then existwillthereafter remainconstantandtherelativedifference indryweightwilldecreasewithtime.
DE WITetah therefore suggestedthattheeffect ofafactor onplantproduction should
be studied during thetime ofexponential growth.
For a grass sward such a difference will eventend to decrease in an absolute sense
since it has been shown that the relative rate of dry matter production does not
proceed linearly with time for a very longperiod (BROUGHAM, 21; ALBERDA and DE
WIT, 9; ALBERDA and SIBMA, 10). Apparently chiefly owing to an increasing rate
of respiration, the relative rate of dry matter production may even fall to zero after
prolonged periods ofundisturbed growth.
Theseconsiderationsmayexplain BAKER'Sresults(15)whofound thatthe difference
in weight between uncut and cut plants in a sward decreased with time. This also
explainswhyin shorttimeexperimentswithsingleplants,theundisturbed plantsgive
the highest yield, whereas under sward conditions cutting improves dry matter production during the whole season ascompared with undisturbed growth.
Whenevaluatingtheresultsofcuttingexperiments oneshould therefore alwaystake
into consideration the kind and duration of the experimental period. With single
grass plants an exponential growth rate can be expected for a prolonged period
(6-10weeks).Forfieldexperiments it isimportant to knowwhether the duration of
the experimentincludesperiodswithanexponentialgrowthrate,alineargrowthrate
or even a decreasing growth rate.
This is very likely the reason for many of the confusing results of experiments on
grassproduction under differential cutting management.
Allourindoorexperimentswerecarriedoutwithsingleplantsgrowingexponentially.
But the material of some of the field experiments consisted of grass sown in rows.
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Since there was some overlapping between the plants of the separate rows growth
may be expected to be linear with time at the end of some of the regrowth periods.
For all these reasonsit isnecessary to define exactly the growing conditions during
the experiment, as has been done in our indoor experiments. This facilitates comparisons with practical field experiments.

7.1

EFFECT OF CUTTING

7.1.1Themorphology of theplant
The stubble left after cutting consists of the true stem, the leaf sheaths (or a part of
them), and a small amount of leaf blade. In fully vegetative plants the stem isvery
short and is not touched by the clipping operations. On this stem are inserted the
buds in the axis of the leaves which develop to secondary tillers. The number of
developingbudsofagiventillerisameasure ofitstilleringpossibilities.In vegetative
plantsthistilleringpotentialisnot reduced bycutting,but sincemost ofthe material
required to develop thesebudsinto newtillershasto besupplied bythe assimilation
of the mother tiller, and since this is greatly reduced by cutting, tillering is usually
checked after defoliation (Fig. 16and20).
The formation ofvisibletillers depends on external conditions, aswillbediscussed
below. Some time after cutting tillersbecome visible at an increasing rate and there
isoften no difference intiller number between cut anduncut plants at theend of the
experiment (table 13).This would indicate that it israther bud development that is
checked after cutting than the formation of newbuds by the meristems.
7.1.2Thedrymatterproduction
Sincetheleafbladesurface hasbeenseverelyreduced bycuttingtheassimilation rate
The plant has not even enough sugars left for its respiration and has to use some
of the reserves accumulated previously; this often causes a decrease in plant weight
immediately after cutting (Figs.25and26).
At the same time the formation of new leaves continues and the assimilation increases gradually. It goes so far as to reach the same relative production rate as it
had before beingcut (Figs.25and26).
A comparison between the dry matter production of a cut plant and that of undisturbed growth shows that:
1. the relative rate of dry matter production is not affected by cutting (except for a
short period immediately after cutting),
2. theamountofdrymatter produced isreducedbycutting;thetimelagimmediately
after cutting actually means a delay in the re-establishment of exponential production. Thisincreasesthe subsequent differences inplant dryweightbetweencut
and uncut plants (table 13).
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7.1.3Plant reserves
After theplantshavebeen cut the soluble carbohydrate content in stubble and roots
decreases rapidly to fairly low levels.The concentration isfar less in the roots than
in the stubble, so that the drop in sugar content islessconspicuoushere.The lowest
concentration is usually reached around 5to 7 days after cutting. Afterwards there
isasteady risein all plant parts.This isa well-known fact which has been found by
many workersin this field.
The concentration of soluble sugars never falls to zero, indicating that a part is
necessaryfor maintaining thenormallife processes.Thisissupported bythefact that
after cutting under very adverse conditions a number of tillers die, suggesting that
part oftheircontentsisusedfor theregrowth oftheremaining ones.Inthiscasealso
the soluble sugar content neverfalls below a certain level.Above thislevelthe sugar
contentfluctuatesbetweenfar greaterlimitsthantheotherorganicplant constituents,
suggesting its reserve status in this range of concentrations. Moreover, the carbohydrate content of high sugar plants drops more steeply after cutting than in low
sugar plants (Fig. 22), showing that in the second case the sugar content was much
closer to the necessary minimum and only a small amount wasavailable as reserves
for useafter cutting.
There has been some discussion lately as to whether the soluble carbohydrates in
the grasses of temperate regions would actually be of any importance for regrowth,
and according to MAY (73) and MAY and DAVIDSON (74) they can only be called
reservesifthisquestion isansweredinthe affirmative. Contrary to this,I would state
that when the greater part of certain structural plant constituents are used after
cutting, or during otherwise changing growing conditions, and restored when the
conditions return to "normal", these constituents may be called reserves. This is
irrespective of the question whether growth isaffected by the level of these reserves
or whether the reserves are used for building new structural material or as a source
of energy.
7.1.4Drymatter distribution
Thefactthatthedistribution ofdrymatteroverthedifferent plantparts,roots,stems,
leaves,fruits, etc.,remained constant for a certain period was clearly stated by VAN
DE SANDE BAKHUYZEN (16)and later by WITTENROOD (129). They plotted the weight
of a part of the plant against total plant weight and were thus able to demonstrate
that such a dry matter distribution diagram, asthey called it, shows abrupt changes,
coincidingwiththeentryofthe plant intoanewphase,e.g.from thevegetativeinto
the reproductive stage.
Withthefully vegetativeplants of our indoor experiments no suchchange of phase
isto beexpected,anditcanactuallybeseenthat the dry matter distribution overthe
leaves and the rest of the plant remains constant for the undisturbed plants during
thewholeexperimentalperiod (Fig.23).Thisconstancyhasbeenexplained byakind
of mutual relation between the different parts of the plant (see SINNOTT, 94).Thus,
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assimilation mainly occursintheleaves;the sugarsformed arefirst usedfor newleaf
growth and what isleft can beused elsewhere, e.g.for root formation. On the other
hand, the roots take up the ions from the medium and can use them first; what is
left ispassed to the other plant parts,e.g. theleaves.
The more the dry matter isused up for the formation ofleaves, the greater willbe
the growth rate of the plant. Since, however, part of the dry matter formed has to
beused for theformation of newrootsit willbean advantage to use not more than
isstrictlynecessaryforleafgrowth. BROUWER(27,28)hasshownthatremovalofpart
of the roots does in fact cause a change in the distribution of dry matter; relatively
more roots areformed until the original ratio isrestored.
Figure 23 shows that the same applies when shoots are cut. When we distinguish
between leaf (blades) and the rest of theplant, leaf growth ispromoted after cutting
untilthe original ratio isreached again. If, however, weconsider the distribution of
dry matter between herbage and therest oftheplant it seemsthat the newly-formed
material is distributed over herbage and the rest of the plant in the same ratio as
before cutting. This is true of both Dactylisand Lolium.This difference is not easy
to explain. It shows at anyrate that theherbage becomesleafier after cutting.

7.2

EFFECT OF CUTTING TODIFFERENTHEIGHTS

Figure 15shows that once exponential production has been restored the height of
cutting has no effect on the relative rate of dry matter production. This was to be
expected, since thiswasalready the casewith uncut and cutplants.
Figure15alsoshowsthatthereisnodifference inthelengthofthetimelag.Fromthe
first samplingdateonwardtherateofdrymatterproductionwasalreadyexponential.
Ifthereisanydifference intimelagthismustoccurinthefirstfewdaysafter cutting.
Some indications that this lag period islonger when plants are cut lower are found
in experiment D, Fig. 25 and 26. When plants are cut to 2i cm root and stubble
production is resumed later than when they are cut to 10cm. Moreover, it appears
from table 14that there isan effect ofcutting whichisgreater at a cutting height of
2i cm than of 10cm. That thisis not only dueto theherbage initially removed can
beseenfrom thefact thattheratio ofthereduction totheremoved portionissmaller
for plantscut higher.
It is thus suggested that the length of the time lag is to some extent related to the
time in which the plant is able to recover its characteristic leaf/total ratio. After
cutting,thisratiodropsmoresteeplywithdecreasingcuttingheight.Thereafter, these
plants need more time to revert to the previous ratio (Fig.23).
Thecuttingheight therefore hasa doubleeffect in theplant drymatter production.
The higher cut plantshave a greater plant weight after defoliation, and these plants
also possibly show a shorter time lag until exponential production is restored. For
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thesetworeasonstheseplantsincrease morein dry weight than plantscut at a lower
level(Fig.15).
Butwhenweconsider theproduction ofherbage,itcanbeseenfrom Figure 17that
theratio ofincreaseinherbage dryweight/increase in total plant dryweight remains
constant for each cutting height, but that its value increaseswith decreasing cutting
height.
Hence this ratio changes in a direction opposite to the plant production, following
variations in cutting height. For every speciesit should therefore be possible to find
an optimal cutting height for herbage production.
In the indoor experiments G the highest herbage production was in fact found at
the end of the experiment at the intermediate cutting height for both Lolium and
Dactylis, the data being:
Cutting height in cm
1\
5
10

Lolium

Dactylis

5.37
6.99
5.28

5.82
7.49
5.63

For the field experiments the samewasfound for both speciesfor thefirstregrowth
period(table4,harvested on 13.7).However,thepatternchangedwithsuccessivecuts.

7.3

EFFECTOFREPEATEDCUTS

It has already beenshownthat after cutting,a recoveryperiod soonbeginsin which
theplantweight,tillernumberandthesolublecarbohydrate contentincreaserapidly.
Itcanbereasonablyassumedthatthecuttingcanberepeatedfor anindefinite number
of times provided the total plant weight and the reserves have reached at least the
samelevelasthey had before the previous cutting.
It can in fact be shown (Fig. 27) that with repeated cutting and good growing
conditions, the herbage dry weight harvested per pot increased with successive cuts.
However, under more adverse circumstances it may decrease apparently because the
interval isthentoo short to ensurecomplete recovery.
Thusif theinterval islongenough the weight of the roots and stubble will increase
with successive cuts,and more sowhenplantsare cut higher sincewehaveseen that
with increasing cutting height dry matter production after cutting increases and a
relatively greater proportion ofit goesto the stubble and the roots.
Consequently, the difference in total dry matter production in favour of the plants
cuthigherwillincreaserelativelyateachsuccessivecut.Thisdifference may therefore
eventually outweigh the difference in the ratio herbage increase/total increase, and
there willthen be a shift in optimal cutting height to a higher level.This, of course,
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only holds good as long as the individual plants do not influence each other to any
considerable extent.
Many of the above observations wereborne out byfieldexperiment I. The relative
increasein stubble weight appeared to behigher at the highest cutting level(tables3
and 5). Consequently, taking the apparent dry matter production over the whole
experimental period it appeared that plants cut higher produced more (table 3).The
shift in optimal cutting height from low to high can be seen very clearly in table 4.
For Lolium, 10cm gives a better herbage production at the last regrowth interval
(harvested on 27.8), whereas for Dactylisthe same phenomenon occurs as early as
the second interval (harvested on 28.7). Thus, when we consider the total herbage
production throughout the experiment (table 3), 5 cm appears to be the optimal
cuttingheight for Lolium,whereas 10cmappearsto bebetter forDactylis.
However, inspection of the 1962 results shows that the optimal cutting height for
Lolium wasagain 5cmand thiswasalsotrue for Dactylis(table 5).During thisyear
overwinteringcaused much damageinrowscutto 10cminthepreviousseason,and
herbage production from cutting to this height was very scanty, particularly at the
firstcuts.
It can be seenfrom experiment M (Fig.27) that after a certain number of cuts the
herbage production per pot remained constant during subsequent intervals. In this
experiment, which wasfairly protracted, several bunches of tillerswere planted in a
potfilledwith gravel. Apparently these plants affected each other, as could be seen
from the fact that the plants in the centre were usually smaller than those on the
periphery. It maybeassumedthat akind ofswardcondition occurredinwhichthere
wasalinear rate of dry matter production for at least apart oftheregrowth period.
Butin caseswherethegrowth remainsentirely exponential,herbageproduction will
increase at every harvest, provided conditions (environmental, height and frequency
of cutting) are kept constant and the regrowthperiod is sufficiently long.

7.4

EFFECT OFTHE LENGTH OFTHE INTERVAL BETWEEN CUTS

Provided these intervals do not become too long and there is only exponential production between two successive cuts, then the longer the interval the greater is the
total dry matter production duringtheseason, since,as stated above, cutting means
a reduction in plant production.
The herbage production will also increase with the length of the interval because
the ratio of herbage production to total production isconstant (tables 3and5).
Thisisequallytrueeveniftheintervalissolongasto allowtotallight interception
and linear dry matter production to occur.
Inourfieldexperimentsboththehighestapparentdrymatterproductionandherbage
yieldwerefound in therowscutlessfrequently. Sincetherewerenointervalslonger
than threeweeks,most probably the plantswere alwaysgrowing exponentially.
55

But, as stated before, when the plants are allowed to grow undisturbed for a long
period, production becomes linear. Eventually increases in respiration and other
losses will result in a still further decrease in the rate of production. In ourfield
experiment with separate Loliumplants (Fig. 10) we even found a decrease in production after a long period of undisturbed growth. This will be a limitation to the
length of the interval. This question has not yet been specially studied in our investigation.
7.5

EFFECT OF CUTTING TREATMENTSONRESERVES

Finally, the height of cutting also affects the concentration of soluble sugars in the
plant (Fig. 18).TheTSCcontent intheplant immediately after cuttingwaslower in
plantscuttoa higherlevel.WithDactylisthesedifferences werefar greater thanwith
Lolium,suggesting that the sugar concentration increased far more from the top of
thetiller to the basethan withLolium.
In both speciesthesteepest dropafter cuttingwasfound intheplantscutto 2i cm.
WithDactylisthedropwaslesssteepthan with Lolium;with plants cut to 10 cm a
drop wasnot even found.
Accordingto Figure 18 it would seem, atleastinthe case ofLolium,that all plants
cut to different heightstend to reach thesameTSCcontent after a certain time.
In thefieldexperiments (Fig. 4) the initial reserve level of Dactyliswas extremely
low,probably owingtothefact, mentioned above,that cutting treatments began too
early for cocksfoot and the plantswere then too small.
Moreover, throughout the experimental period thehigher sugar content was found
in the stubble oftheplants cut higher. Since theintervalsused werenot longer than
20 days it is possible that when cutting was repeated plants were at the stage of
initial rapid TSC recovery. One indication of this is that the length of the interval
betweencutswasalsofound tohaveaconsiderable effect onthesugarcontentinthe
sense ofhigher concentrations astheinterval islonger (Fig.6).However, it does not
mean that when the intervals are still longer either they or the cutting height can
have no distinct effect on the carbohydrate content.
7.6

EFFECT OFTEMPERATURE

Theherbage/totalratiowasfound tobeindependent oftemperature (Fig. 13),sothat
changes in total plant production due to temperature will also give proportional
changesin theherbage production.
The total plant production is madeup of two factors, viz. the average tiller weight
and the number of tillers. The average tiller weight wasfound to be constant for a
temperature ateverysuccessivecut ofacuttingtreatmentinwhichcuttingheight and
interval between defoliations were always the same (Fig. 30). The tiller weight is
therefore determined bythe temperature regime.It increaseswith temperature up to
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a maximum value; in our experiments this value for Loliumperenne wasfound at a
temperature between 20 and 25°C (Fig. 31). The tiller weight decreases rapidly at
temperatures higher than this optimalvalue.
The second factor affecting plant production isthe number of tillers. This was not
constant at the successive cuts. The rate of tillering was found to increase with decreasingtemperatures (Fig.29).Thusat everycut differences innumber oftillerswill
belarger in favour of the plants at the lower temperatures.
Whengrassesaresubjected to different temperaturesat thefirst cuts,the differences
in number of tillers will be not great enough to outweigh the differences in tiller
weight. Hence at this first harvest the higher plant production will be found at the
temperature at which tiller weight is maximal. But as cutting isrepeated differences
innumber oftillersbetween thetemperatures becomegreater, sothat thisfactor will
determine to a greater extent the total plant production. Thus at every subsequent
cut the maximalproduction willbe obtained at a lower temperature.
This explainstheresults of our experiment G inwhichthe bestherbage production
after a single cut was obtained at 20°C, which is quite close to the temperature of
maximaltillerweight (Fig. 12).In experiment Malso wefound a shifting in optimal
temperature from 25°at the first cut to 15°at the last (Fig.27).Similar resultswere
reported by WENT in peas (124)and tomatoes (122,124).
But,asstated above, after a certainnumber ofcutstheherbageproduction per pot
remains constant at the subsequent harvests. This shifting in optimal temperature
will not go further since as there will be no further increase in the differences in
number oftillers.The optimal temperature at that moment willremain the same.In
our experiments it is not to be expected that the production at 10°will everexceed
that obtained at 15° (Fig. 28). 15° will remain the optimal temperature at all subsequent cuts.
Nighttemperaturedoesnot seemtoaffect thegrowthinlengthofthetillerssomuch
asit does thetiller weight and rate oftillering (Figs.31and29).
Acoldernightcausestheformation oflightertillersandincreasestherateoftillering.
In all cases a higher herbage production was obtained from grasses at a 5° lower
night temperature than at a constant day and night temperature (Fig.27).
Similar results have been obtained in work on tomatoes (WENT, 122)and on peas
(WENT and MONSELISE, 125). However, this fact has been criticised by WELLENSIEK
(126), who, quoting FORTANIER'S results on groundnuts, suggests that this is not a
general phenomenon, although it has beenfound to occur more often than not.
This phenomenon may be due to a decrease in the plant respiration at night when
there isno assimilation. Thislowertemperature would savesome sugarwhich could
beused for dry matter production.
7.7

EFFECT OFTHE RESERVELEVEL

Itwasimpossibleto haveplantswithdifferent reservelevelsandthesamedryweight.
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In our experiments the different reserve level was obtained by a short pretreatment
immediatelybeforecutting(see4.2.3).Inthiswaywewereabletoobtainthisdifference
in sugar concentration in plantshavingabout the sameleaf area. However, thehigh
sugar plants appeared to be much heavier than the low sugar ones, especially the
stubble and roots,in which most of thereservesare located.
After cutting the reserves of the H-plants dropped more steeply than those of the
L-plants.But the minimumreached by theformer wasneveraslowasthe minimum
of thelatter (Fig.22).
IftherewasactuallyaminimumTSCcontentfor thelivingorganism(see7.1.3)then
L-plantswouldbeclosertoitthantheH-plants.AfallintheTSCcontentin L-plants
would therefore be more limited.
Thisdropin sugar concentration meansthat thereserveswerebeingutilized bythe
plant in regrowth after cutting. The H-plants used more reservesand the leavesappeared sooner than in the L-plants (tables9and 10).This means that the H-plants
could recover their characteristic leaf/total ratio earlier than the L-plants. Consequently, the time lag after cutting before exponential dry matter production was
reached was shorterin the case ofplants with ahigher reservelevel.
InLoliumperennethisdifference inlengthofthetimelagcaused bythereservelevel
is well reflected by tillering (Fig. 20). Plants with a higher reserve level began producing tillers at a more or lessexponential rate shortly after cutting, whereas plants
with a lower reserve levelneeded a certain time (in our experiments about 10days)
to reachthesamerelativerate oftilleringasthe former.
Once exponential dry matter production has been reached, it will continue at the
samerelativerateirrespective ofthereservelevelat cutting(Fig. 19).In thisrespect,
therefore, the effect ofreservelevelissimilarto that ofcuttingheight (cf.Fig.15).
A. G. DAVIES(40),studyingthe regrowth ofthree clones ofperennial ryegrasswith
different reservelevels,also concluded that the reserve levelhad no influence on the
relative rate of dry matter production. But a lowering of the reserve level can delay
growth and tiller production.
*
In conclusion, a plant with a higher reserve level will be capable of a better dry
matter production after cutting not because it has any effect on the relative rate of
drymatterproduction,butbecausethestubbleandrootswillbeheavierandprobably
also becauseexponentialplant production willbereached earlier.
This is in agreement with the statement made by WARD and BLASER (114) that
reservesareimportant in the growth of grassesimmediately after cutting.

7.8

OVERWINTERING

Ithasveryoften beenstatedthatplantswithahighlevelofreservesat the beginning
ofthecoldperiodareinthebestconditionatthefollowing spring (GRABER, et.ah,44).
However, in our experimentsit wasfound that plants which also had a longer and
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denserstubblemasswerethemostdamaged duringthewinter(Figs.7and 8,table6).
Cuttingheight and intervalbetween cutshavea positive effect on the density of the
stubble and also on the reserve level (see 7.4 and 7.5). Thus the results obtained in
ourexperiments are in disagreement with the above assessment.
SONNEVELD(personalcommunication)ina collection ofclonesofperennialryegrass,
also managed to obtain different reserve levels in this way and found the highest
sugar concentrations in plants with a greater size. These plants also suffered most
during the winter.
The general opinion on the relation between reserve status and overwintering is
mainly based onresearch with lucerne and tussock-forming grasses.
Our results indicate that this rule doesnot always apply to pasture grasses, so that
further investigation isrequired in order to ascertain the importance of the reserves
on overwintering of grass speciescapable of forming a denseturf.The microclimate
ina dense sward ispossibly less favourable to overwintering.
7.9

EFFECT OFVERNALIZATION

Vernalized perennial grasses shoot andflowerunder suitable conditions of temperature and photoperiodism;this occursinthe spring or summer.
Whenheading occurs a greater part of the dry matter produced istransported into
theupper parts. Consequently the herbage ofvernalized grassesisthen heavier than
that ofunvernalized ones.Thiscanbeseenfrom table 7inwhichtheherbageweight
of the first cut is alwayshigher for vernalized than for vegetative plants, except for
Lolium harvested on 6July.
Asstated earlier the unvernalized plantskeep a constant ratio between the herbage
and the stubble production. In the vernalized plants this ratio changes in favour of
the herbage. Thus from the point of view of obtaining a heavy hay cut vernalized
tillers are preferable.
.
However,the stubble massdepends onthenumber oftillersand stubbleweightper
tiller. In our experiments a higher rate oftillering wasrecorded for vegetative plants
than for vernalized ones (Fig. 9). A decrease in tiller number in spring and early
summer was even reported by LANGER (68, 69) and SONNEVELD (95) in flowering
grasses. At this time plants need the greater part of their assimilated material tor
flowering and they stop tillering or at least decrease the rate of tillering. Moreover,
axillary buds, which under vegetative condition will develop to tillers,will produce
sipikelets during head formation in vernalized tillers (COOPER and SAEED,36).
Moreover when a cut istaken after head elongation has begun, a part of the stem
apiceswillberemoved.After thiscut onlytheyoungapicesofthesidetillersremain,
and these willdevelop into newheadsifconditions are suitable.
For all these three reasons, in the following cuts the unvernalized plants have a
denserstubblemassandareinabetterpositiontoproducealargeamountofherbage
than vernalized ones(table 7and 8).
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In a small experiment, not reported here in detail, vernalized tillers of a clone of
perennial ryegrass,and others of cocksfoot were planted separately in the spring.
Towardstheendoftheexperimenteachtillerwastheoriginofaplantwhoseflowering
stalks and vegetative tillers were counted. There appeared to be a good correlation
betweenthenumber offlowering stalksandthenumber ofvegetativetillers,although
they were higher for Loliumthan for Dactylis.We were therefore able to conclude
that the ratio between them is constant.
Relating this with what has been said above, strains with a high proportion of reproductive tillers will be preferable for a heavy hay cut, whereas those with a low
proportion willgivea more abundant after-growth. Similar results were obtained by
STAPLEDONand BEDDOWS(102).Inatrialwithdifferent strainsofcocksfoot, he found
theheavierhaycut withvarietieshavingahigh "stemmy/leafy shoots"ratio,whereas
with a low ratio the aftermath cut was better.

7.10

GRASS SPECIESDIFFERENCES

Some differences found between the species used were so important as to deserve
particular mention.
It was our intention to study the dry matter production of both perennial ryegrass
and cocksfoot under a wide range of temperatures in order to ascertain the optimal
temperature for eachspecies.Ahigher optimal temperature wasexpected in thecase
of cocksfoot as it is usually found in the field. But such a feature was not clearly
obtained. In both cases the optimal temperature was situated between 20 and 25°C
(Fig. 12),although there were some slight indications that for perennial ryegrass this
optimum is closer to 20°,whereas for cocksfoot it isnearer to25°.
TilleringinLoliumperennewasavariabledependingnot onlyuponclimaticandsoil
conditions but also on clipping treatments (Figs.3and 5).
After the plants were cut tillering stopped for a certain time (ALBERDA, 4). The
length ofthisperiod variesin relation to the reserve status ofthe cut plants,and this
inturn dependsonprevious growth andthedefoliation itself.Thus itwasfound that
increasing reserve status (Fig. 20), cutting height (Figs. 3 and 16),and interval between cuts (Fig. 5)decreased this time lag and increased the number oftillers.
On the other hand none of the factors listed above had any effect on tillering of
cocksfoot (Figs. 3,5, 16and 21);it seemsto be a constant for a given environment.
The same surprising results werefound by KNIGHT (65,66).
It seems,then, that theproduction ofLoliumperenne dependsmore ontillering and
sward density, whereas in Dactylisglomerata it depends on the production of the
individual tiller. MITCHELL (79, 82)also concluded that the rate of increase in tiller
number inryegrassisofmajor importanceinthefield. KNIGHT (66)reported that no
significant relation could be found between tillering and dry matter production in
different varieties of cocksfoot.
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After cutting, cocksfoot keepsrelatively lessleaf in the stubble than ryegrass (table
10).InLoliuma significant number of leaves can be found at the base of the tillers,
whereasin cocksfoot leavescan befound mainlyintheupper parts.Thismaybe the
reasonwhyithasbeensuggested(12)thatafter beingcutcocksfootismoredependent
onreservesthanryegrass,whichactuallyrecoversmorerapidlytheoriginal leaf/total
ratio after cutting.
In our experiments, however, differences in dry matter production between H- and
L-plants were greater for Loliumthan Dactylis.This apparent contradiction is only
due to the fact that the difference in sugar content between H- and L-plants was
muchgreater in the caseofryegrassthan in the caseof cocksfoot (Fig.22).
Total dry matter production
(9 d.m.)
10 -

* Lolium perenne.Cutting, Height exp.
o
»
Reserve level exp.
* Dactylis glomerata.Cutting Height exp.
*
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FIG. 32. Average dry matter production curves for Loliumperenneand Dactylisglomerata.

Finally, it wasfound that therate ofplant production washigher for ryegrass used
in our experiments than for cocksfoot (as shown in Figure 32in which the average
plant weight in experiments G and R isplotted against time for both grassspecies).
The soluble carbohydrates wereusually lower for cocksfoot (Figs.6, 14, 18and22).
It isremarkable, however, that in both speciesthe assimilated material wasmore or
less distributed in the same pattern over the different parts of the plant (Figs. 23
and24).
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SUMMARY

1. Theeffect ofcutting treatments on grassproduction wasstudied bothinthefield
and in experiments under controlled conditions.
2. In general the investigations were carried out with plants growing at an exponential rate of dry matter production.
3. Cuttingvegetative tillers does not remove any of the buds inserted on the stem,
sothatafter acertaintimethesamenumber oftillerswasfound incut and uncut
plants(table 13).Cuttingonlytemporarilyreducedtherateofappearance ofnew
tillers (Fig. 16and20).
4. Cuttingreducedtheincreaseoftotaldrymatterforacertaintime(Fig.25and26);
after this "lagperiod" the production ofplant dry weight continued at the same
relative rate asin undisturbed plants.
5. Immediately after cutting the TSC content fell to fairly low levels. Thereafter a
recovery took place whichwasso extensive asto reach or evenexceed the initial
level,provided enoughtimeand suitablegrowingconditionswereprovided (Figs.
14and 18).
6. The distribution of the increase in dry matter over the different plant parts was
studied. The ratio leafblade dry weight/total dry weight was constant for vegetatively growing grasses (Fig. 23). When this ratio was reduced by cutting, the
rate of leaf dry matter production was increased in comparison with the other
plant parts,until the former ratio was recovered.
7. The plant material removed by cutting to a certain height was called herbage
(Fig. 1).Theratiobetweentheincreaseofherbage dryweightandtotalplant dry
weightwasalsoconstantinundisturbedplants.Immediatelyafter cuttingherbage
production also increased relatively to the rest, but the former ratio was not
againreached. In thiscasethedistribution oftheincreases overherbage and the
rest of the plant wasthe samebefore and some timeafter cutting (Fig.24).
8. Whentheeffect ofcutting(see4)wasstudiedfor different levels(2i,5 and 10cm),
this had also no effect on the relative rate of dry matter production (Fig. 15).
Nevertheless,heavierplantswerefound whentheyhad been cuthigher; thiswas
duetoalargerplantresidueafter cuttingandpossiblyalsotoashorterlagperiod.
9. It took more time to recover the original leaf/total ratio when plants were cut
shorter (Fig.23).
10. For both species an intermediate cutting height (5 cm) was the optimal for
herbage production after a single cut (seetable on page54).
11. When plants were cut repeatedly a larger plant production was found when
grassesweredefoliated at the 10cmlevel.The optimalcuttingheightfor herbage
production shifted from lowto high at successive cuts (table4).
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12. When the plants are growing at an exponential rate of dry matter production,
the longer interval between cuts gave the highest dry weight both for the total
plant and theherbage (table 3).
13. Under a certain cutting system (fixed cutting height and interval between cuts),
thetillerweight appeared to beinfluenced bytemperature (Fig.30).Theheaviest
tillers were found at about 20°C (Fig. 31). The rate of tillering increased with
decreasing temperature (Fig. 29). Since the number of tillers gradually became
more important, a shifting in optimal temperature from high to low took place
at the successive cuts (Fig.27).
14. At a colder night temperature tiller weight was lower (Fig. 31) but the rate of
tillering higher (Fig. 29). This resulted in a larger herbage production in comparison to plants at a constant temperature (Fig.27).
15. The reserve level had no effect on the relative rate of dry matter production
(Fig. 19)(asin the case of differences incutting height (see 8)).Therewas some
evidence that the length ofthelagperiod increasedwith decreasingreservelevel.
InthecaseofLolium thiswasshownbythelongerdelayintilleringfor lowsugar
plants(Fig.20).
16. The more leniently plants were treated in 1961,the more damage they suffered
during thewinter, despite thefact that they had the higherreserve level(table 6,
Figs. 7and 8).
17. Vernalized tillersproduced moreherbage than vegetative ones(table 8,Fig. 10).
However, vegetative plants produced more tillers than vernalized ones (Fig. 9).
Vernalized plants therefore gave more herbage dry matter at the first cut and
vegetative ones at the subsequent cuts (table7).
18. WithLoliumtilleringstoppedfor acertainperiodafter cutting.Thelengthofthis
period decreasedwithincreasingreservelevel(Fig.20)orcuttingheight(Fig.16).
On the other hand, none of these factors had any effect on tillering ofDactylis
(Fig. 16and21).
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SAMENVATTING

1. Deinvloed van afsnijden op de droge-stofproduktie isbestudeerd zowelinveldproeven als onder constante omstandigheden aan twee grassoorten namelijk
Engelsraaigras (Loliumperenne) en kropaar (Dactylisglomeratd).
2. Bijhet merendeel der proeven verliep de droge-stofproduktie exponentieel.
3. Wanneervegetatievespruitenwerdenafgesneden bleefhetgroeipunttezamenmet
de aanwezige okselknoppen intact. Als gevolg hiervan werd het te voorschijn
komen van nieuwe spruiten na afsnijden wel vertraagd doch uiteindelijk werd
weer hetzelfde aantal bereikt als in niet afgeknipte planten (tabel 13,figuren 16
en20).
4. Doorafsnijden werddedroge-stofproduktie gedurendeeenzekeretijdverminderd
(fig. 25en 26);na deze „onderbrekingsperiode"werd derelatieve droge-stofvermeerderingweer dezelfde alsvoor het afsnijden.
5. Het suikergehalte daalde directna het afsnijden tot eenvrij lagewaarde. Daarna
begon het weer op te lopen en onder gunstige omstandigheden kon daarbij het
aanvankelijke niveauweerworden bereikt ofzelfs overschreden (fig. 14en18).
6. Deverdelingvan dedroge stof overdeverschillende delenvan deplant wasvoor
beide grassoorten constant gedurende devegetatieve groeiperiode (fig. 23).Wanneerdeverhoudingdrooggewichtbladjtotaaldrooggewichtdoorafsnijden drastisch
werd verkleind trad een herstel van de oorspronkelijke verhouding op doordat
tijdelijk naar verhouding meerblad werd geproduceerd.
7. De verdeling van de gevormde droge stof over wortel, stoppel en geoogst gras
bleef echter voor de nieuw gevormde droge stof na afsnijden onveranderd gehandhaafd (fig.24).
8. Het afsnijden op verschillende hoogte (2i, 5en 10cm) had geen invloed op de
relatieve snelheid van droge-stofproduktie (fig. 15).Dat planten die het hoogst
waren afgesneden toch het hoogste gewicht bereikten kwam door een groter gewicht na afsnijden en waarschijnlijk ook door een kortere „onderbrekingsperiode".
9. Wanneer planten korter werden afgesneden duurde het langer voordat de oorspronkelijkeverhoudingbladdrooggewicht/totaal drooggewichtweerwashersteld
(fig.23).
10. Voor de aangroei na afsnijden was knippen op een hoogte van 5 cm optimaal
(zietabelbiz.54).
11. Wanneer de aangroei na herhaald afsnijden werd bepaald bleek de optimale
snijhoogte van 5naar 10cmte verschuiven (tabel4).
12. Bijeenexponentieelverloopvandedroge-stofproduktie bleekeenlangereperiode
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tussenhet afsnijden het hoogste gewichtte geven.Dit goldzowel degeheleplant
als ook het afgesneden gras(tabel3).
13. Onder constante omstandigheden ook wat betreft hoogte van afsnijden en duur
van de aangroeiperiode, bleek het spruitgewicht van de temperatuur afhankelijk
tezijn (fig. 30).Het optimum lagbij ± 20°C(fig.31).Deuitstoelingbleekduidelijkmetstijgendetemperatuuraftenemen(fig.29).Doordatbijherhaald afsnijden
hetverschilinhetaantalspruitenbijiederevolgendesnedetoenamverschoof het
temperatuuroptimum geleidelijk naar lageretemperatuur (fig.27).
14. Een nachttemperatuur van 5° beneden de dagtemperatuur bleek een gunstige
invloed op de uitstoeling te hebben (fig. 31).Vergeleken met de constante temperatuur was de grasproduktie hoger doch het spruitgewicht lager (fig. 27). .
15. De koolhydraatreserve had geeninvloed op derelatieve snelheidvan droge-stofproduktie (fig. 19).Evenals dit bij verschillende hoogten van afsnijden het geval
waslagdehoogsteproduktiebijhethoogstereserveniveau veroorzaakt door een
hoger aanvangsgewicht en waarschijnlijk ook door een kortere „onderbrekingsperiode". Dit laatste bleek bij Lolium duidelijk uit het aantal spruiten (fig. 20).
16. Deplanten diein debuitenproeven alsgevolgvanverschillen inbehandeling het
hoogste gewicht hadden en ook dehoogste koolhydraatreserve bleken het meest
van dewinter te lijden tehebben (tabel 6,fig.7en8).
17. Gevernaliseerdespruitenhaddenaanvankelijk eengroteregrasproduktie dannietgevernaliseerde (tabel 8, fig. 10), doch de laatste stoelden beter uit (fig. 9). Als
gevolg daarvan werd bij volgende sneden bij de vegetatieve planten een hogere
grasproduktie gevonden (tabel7).
18. BijLoliumbleekhetaantalspruitenveelmeerdoordeuitwendigeomstandigheden
te worden beiinvloed dan het spruitgewicht; bij Dactylis was dit net andersom.
Dit blijkt o.a. uit deinvloedvan afsnijden ophetaantalspruiten:Lolium,fig.16
en20;Dactylisfig.16en 21.
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RESUMEN

1. El efecto de distintos sistemas de corte sobre la production de dos gramineas
(Loliumperenne yDactylisglomeratd) ha sido objeto de estudio en experiencias
de campo asi como bajo condicionescontroladas.
2. En general las investigaciones se han llevado a cabo con plantas produciendo
materia seca a ritmo exponential.
3. Alcortar plantasenestado vegetativo no sedafian lasyemassituadas enla base
deltallo; por ello despues deun cierto tiempo plantas que habian sido cortadas
produjeron elmismonumerodetallosquelasquenolohabian sido (cuadro 13).
El cortar solamente redujo temporalmente la velocidad de aparicion de nuevos
tallos (fig. 16y20).
4. Cortarredujo laproduction demateriatotalsecaduranteciertotiempo(fig.25y
26); despues de esteperiodo critico la productionde materia seca continuo a la
mismavelocidad que enlasplantas no cortadas.
5. Inmediatemente despues de cortar el contenido en hidratos de carbono soluble
descendi6sensiblemente.Mastardelasplantasrecuperarondichocontenidohasta
alcanzar el mismo nivelque alprincipio e incluso sobrepasarlo, siempre que se
lespermitiocrecerbajo condicionesdemedioadecuadasdurantesuficientetiempo
(fig. 14 y 18).
6. La distribution delos aumentos en materia seca entre lasdiferentes partes dela
planta fueron estudiadas. La relation hoja (materia seca)Imateria seca total
apareci6 serconstanteparagramineasenestadovegetativo(fig.23).Cuando esta
razon se redujo por corte, la velocidad de production de hoja (cantidad de
materia seca) fu6 aumentada en comparacion con las otras partes de la planta,
hasta que la antigua relaci6n fue recuperada.
7. La parte delaplanta retirada alcortarse seUamo"herbage" (fig. 1).La relation
entre el aumento de materia seca de "herbage" y de toda la planta aparecio ser
tambien constante para plantas que crecian sin ser cortadas. Inmediatemente
despues de la siega la production de "herbage" fue tambien incrementada relativamente al resto de la planta pero la antigua relation no rue"alcanzada de
nuevo.Enestecasoladistributiondelosaumentosenmateriasecaentre"herbage"
yelresto dela planta fu6 siemprela misma antesydespuesdecortar (fig.24).
8. Cuandoelefectodecortar(ver4)fueestudiadoadiferentesalturas(2i,5y10cm),
seencontro queestaaltura decortenoteniainfluencia sobrelavelocidad relativa
de producci6n de materiaseca (fig. 15).Apesar de ello, plantas mas pesadas se
encontraron cuando previamente eran cortadas mas altas; esto-fue debido a un
mayorresiduodespuesdelcorteyposiblementetambienaunmascorto "periodo
critico".
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9. Tardo masenrecuperarsela originalproportion dehoja/planta totalcuando las
plantas fueron cortadas masbajas (fig.23).
10. Para ambasespeciesuna altura decorte intermedia (5cm)resulto ser optima en
cuanto a production de "herbage" despues de un solo corte (ver cuadro en
pagina 54).
11. Cuando las plantas fueron cortadas repetidas veces una mayor producci6n de
materia seca seregistro cuanto masaltasfueron cortadas lasplantas. La altura
de corte optima para production de "herbage" se desplazo desde niveles bajos
hacia altos a medida que elniimero decortes aumentaba.
12. Mientras que las plantas crecian con velocidad exponencial de production de
materia seca,elmaslargointervaloentrecortesdiolamayorcantidad demateria
secatanto para toda la planta comopara laportion "herbage" (cuadro 3).
13. Bajo un cierto sistema de corte (fijados la altura de corte y el intervalo entre
cortes), el peso por tallo aparetio ser influenciado por la temperatura (fig. 30).
Lostallosmaspesadosfueron producidos a temperaturas alrededor delos20°C
(fig. 31).La velocidad deproduction detallosera mayor cuando la temperatura
era menor (fig. 29). Puesto que el niimero de tallos se hacia cada vez mas importante como determinante de la production total, la temperatura 6ptima
descendio segiinaumentaba elniimero decortes (fig.27).
H. Cuando la temperatura durante la noche fue mas baja el peso por tallo fu6
tambien menor (fig. 31)pero la velocidad de production de tallos fue mas alta
(fig. 29). Esto tuvo como consecuencia una mayor production de "herbage" en
comparacion con plantas sometidas a la mismatemperaturadiaynoche(fig.27).
15. Elniveldereservasno tuvoinfluencia enlavelocidad relativa deproduction de
materia seca (fig. 19);exactamente lo mismo que ocurri6 con la altura de corte
(ver 8). Tambien se encontro alguna evidencia de que la longitud del "periodo
critico"aument6aldisminuirelniveldereservas.Estosehizoaparenteenelcaso
deLoliumpor medio de un mas tardio comienzo en el aumento del niimero de
tallospara plantas con una menor concentration de aziicares(fig.20).
16. Lasplantasquemenosduramentefueron tratadasen 1961,sufrieron losmayores
dafios durante el invierno, aunque presentaban los mayores niveles de reservas
(cuadro 6,fig.7y8).
17. Tallos vernalizados produjeron mas "herbage" que los vegetativos (cuadro 8,
fig.10).Sinembargo,plantasenestado totalmentevegetativo produjeron mayor
numerodetallosquelosvernalizados(fig.9).Porello,plantasvernalizadasdieron
una mayor cantidad de "herbage" al primer corte y las en estado totalmente
vegetativo en los cortes subsiguientes (cuadro7).
18. Con Lolium la production de tallos paro despues del corte durante un cierto
tiempo. La duration de este periodo disminuyo cuando aumentaron el nivel de
reservas (fig. 20) ola altura decorte (fig. 16).Por elcontrario, ninguno deestos
factores influyo enlaproducci6n detallos deDactylis (fig. 16y21).
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