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Abstract — Liveweight gain was assessed in lambs grazing perennial ryelgpissn(perenngbred

for an elevated water-soluble carbohydrate (WSC) concentration (experimental var. Ba11353) com-
pared to an intermediate WSC control (var. AberElan). Both grass varieties had similar heading
dates and overall forage yield characteristics. The two grasses were sown separately in each of three
replicate sward plots (0.137 ha each) laid out in a randomised block design. A core group of five Welsh
Mountain ewes and their singleton lambs (Bluefaced Leicester, sire), initial liveweights of 50 and
14 kg (s.e. 0.6 and 0.3), respectively, were continuously stocked on these plots over three consecu-
tive 21 d experimental periods. Swards were maintained at a target surface height of 6—7 cm with the
use of sward adjustment animals. Core sheep were weighed every three weeks and adjustment ani-
mals whenever they were added to or removed from the plots. Lamb liveweight -gaipwas
calculated from the core group of lambs. Lamb production (kg liveweighover each 21d period)

was calculated from the liveweight change of all the lambs. Water-soluble carbohydrate concentra-
tions were highe®® = 0.03) and neutral detergent fibre concentrations (NDF) were |&we0(01)

in the high WSC grass (HWSC) compared to the control. In vitro dry matter digestibilities (DMD) were
higher for HWSC P < 0.01). Lamb liveweight gairP(= 0.03) and productiorP(= 0.06) were

greater on HWSC compared with the control by approximately 12 and 23%, respectively. The
increased lamb production resulted from the combined effect of higher liveweight gains and carry-
ing capacity on HWSC. Correlation matrices indicated strong relationships between liveweight gain
and grass WSC concentratian<0.67;P < 0.05) and fibre concentration$£ —0.73;P < 0.05).

The results show that grazing forages selected for elevated concentrations of WSC and reduced
fibre, compared to a control increases the liveweight gain of suckling lambs.
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Résumé— Performances de production d’agneaux péaturant du ray-grass anglaig ¢lium

perenng sélectionné pour sa concentration en glucides hydrosolubles éleuérgain de poids vif

a été évalué chez des agneaux paturant du ray-grass abgliais (perenngsélectionné pour sa
concentration en glucides hydrosolubles (WSC) élevée (variété expérimentale Bal1353) et com-
paré a un témoin avec une concentration intermédiaire en WSC (variété AberElan). Les deux varié-
tés de ray-grass ont eu des dates d'épiaison et un rendement fourrager globalement comparables.
Elles ont été semées séparément sur des parcelles d’'une surface de 0,137 ha chacune avec 3 répéti-
tions selon un dispositif expérimental aléatoire par blocs. Un groupe fixe de cinq brebis de race
Welsh Mountain et leur agneau unique (bélier Bluefaced Leicester), de poids vifs initiaux de 50 et
14 kg (e.s. : 0,6 et 0,3) respectivement, a été continuellement présent sur les parcelles pendant trois
périodes expérimentales consécutives de 21 jours. Le tapis végétal a été maintenu a une hauteur
seuil de 6—7 cm en utilisant des animaux supplémentaires pour ajuster le couvert prairial. Les ovins
expérimentaux du groupe fixe ont été pesés toutes les trois semaines et les animaux destinés a I'ajus-
tement chaque fois qu’ils ont été ajoutés ou enlevés des parcelles. Le gain de poids vif des agneaux
(9§ a été calculé a partir du groupe fixe. La production des agneaux a I'hectare (kg de poids
vif-halau cours de chaque période de 21 jours) a été calculée en tenant compte du changement de
poids vif de tous les agneaux. La concentration en glucides hydrosolubles a été supérie08)(

et celle en NDF moindreP(= 0,01) pour la variété riche en WSC (HWSC) comparativement au
témoin. La digestibilité in vitro de la matiére séche (DMD) a augmenté avec HASG,Q1). Le

gain de poids vif des agnealx=£ 0,03) et leur productiorP(= 0,06) ont été respectivement plus éle-

vés d’environ 12 et 23 % avec HWSC comparativement au témoin. La production accrue des agneaux
résulte de I'effet combiné des gains de poids vif et d'un chargement plus importants sur HWSC.
Les matrices de corrélation ont indiqué des rapports forts entre le gain de poids vif, la concentration
en WSC du fourrage € 0,67 ;P < 0,05) et la concentration en fibres=(—0,73 ;P < 0,05). Les résul-

tats montrent que le paturage de fourrages sélectionnés pour leur concentration élevée en WSC et faible
en fibres, comparativement a un témoin, augmente le gain de poids vif des agneaux de lait.

glucide hydrosoluble / paturage / agneauxlolium perenne/ gain de poids vif

1. INTRODUCTION Grass breeding has resulted in the devel-
opment of forage grasses with increased
concentrations of WSC (20-40% of DM)

tained in fresh forages are the most read”compared to conventional commercial vari-

available source of energy for the grazinc&lies (10-15% of DM)[9, 10, 20, 23]. In ini-

ruminant, and as such, low concentrations Etial_ lamb production experiments liveweight

WSC in herbage can decrease the efficienc9&!" (9d™ was consistently higher from a
of protein utilisation, limit productivity and high WSCLolium perenneariety (Aurora)
contribute to poor utilisation of dietary pro-in comparison to a control variety (S23);
tein [7]. It has been suggested that efficien29-2, 12.4 and 10.3% over three consecu-
microbial protein synthesis relies upon thetive years [5]. In addition, Jones and Sant
synchronous provision of energy and pro[12] reported that sheep showed a strong
tein nitrogen to the rumen microbial popu-grazing preference for high WSC when
lation [22]. In ruminant diets, characterisecoffered a choice between low and high WSC
by an insufficient supply of readily avail- grasses. Jones and Roberts [11] suggested
able energy for balanced rumen fermentatiothat this increased grazing preference was
to occur, acetate production dominates witldue to a higher ‘palatability’ of the grass
a resultant reduction in the efficiency of util-with elevated sugar and reduced fibre con-
isation of both nitrogen and energy [3].  centrations. Siever-Kelly et al. [21] noted

Water-soluble carbohydrates (WSC) con:
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that this preference was related more to thA&nimals were continuously grazed on these
soluble carbohydrate concentration of a plantlots over three consecutive 21 d experi-
than to digestibility, and only when the sol-mental periods (I, Il and IIl) starting on 6th
uble carbohydrate concentrations were simMay 1998.

ilar there was a preference for the more

digestible material. Siever-Kelly et al. [21]

used glyphosate to spray topped-pastures2- Sward management

and delay the loss of cell contents, thereby ~and measurements

increasing grass WSC concentration and ,
digestibility. They observed that lambs _Swards were cut to a surface height
offered a choice between the glyphosat&>SH) of 3 cm, one month prior to the start
sprayed pastures and controls, preferentiall?‘c the experiment, to obtain uniform
grazed the former, resulting in higher egrowth. Fertiliser was applied after cut-

liveweight gains and wool growth [15]. g?g;‘% g"(’l‘\i %na?]%plz'cﬁtcl)cr)snkﬂygrsg glgljskil

The objective of this study was t0 extendrpe Netherlands). Sward surface height was
the observations of the above authors [Syeagred every week in a “w” transect using
11,12, 15, 21] by assessing the productivity i Farm Research Organisation sward
of lambs offered a perennial ryegrass bredick and sward adjustment animals (ewes
for high WSC compared to an intermediatéy§ singletons of the same breed as core
WSC control. Thereby determining if using gnimals) were used to maintain the height of
grass varieties bred for enhanced WSC cofpe sward at approximately 6-7 cm. If the
centration, i.e. q_uality tr_aits, may have rel-gsH was greater than the upper limit of the
evance to practical agriculture by enhancyefined range (7 cm) then a ewe and lamb
ing efficiency and reducing the cost of sheefyere added to the plot, if the SSH had fallen
production. back below the lower limit of the defined

range (6 cm) then the additional animals
were removed. The addition and removal

2. MATERIALS AND METHODS of animals was done on a weekly basis.
2.1. Experimental site, design Herbage intake was calculated over each
and allocation to treatment 21 d period using the differential growth

method as assessed by exclosure cages [6].

Two Lolium perennswards with similar  Three exclosure cages were allocated at ran-
heading dates, Ba11353, a high water sollom in each plot. Intake was estimated by
ble carbohydrate (WSC) variety (HWSC),comparing herbage growth inside .and outside
and AberElan, an intermediate WSC varietfhe cage. Herbage shears (Makita 100 mm
(control), were sown in plots (0.137 ha eachyM103D Makita Corporation, Anjo, Japan)
laid out in a split-block design and repli-were used to cut four 041 m parallel
cated three times in July 1997 at the Institut&trips of grass to ground level outside the
of Grassland and Environmental Researcifage along each edge of the cage, and two
Aberystwyth, Plas Gogerddan site (52025vN,|nS|de the cage. The cages were then relo-
4°05'W). These swards were maintained b)pated at random. The _herbage was dried at
grazing with sheep. A core group of five 80 °C for 24 h and the !ntake calculated_ per
Welsh ewes and their one month old sin:;’We ﬁ”d lamb according to the following
gleton lambs (Bluefaced Leicestér ), ini-formula. -
tial liveweights 50.2 (s.e. 0.60) kg and 13.7MI (kg DM-d) :([H' (Hy2)] x5 1) xA
(0.32) kg, respectively, were put on each of
the plots in a stratified random mannerwhere H = dried herbage mass inside the
according to ewe and lamb liveweight.cage in kg; = dried herbage mass outside

[EU
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the cage in kg; A = area of plot (0.137 ha)2.4. Chemical and statistical analysis

D = number of grazing days; DMI = dried

herbage intake per experimental unit (ewe Water-soluble carbohydrate (WSC) was
and singleton); EU = number of experi-extracted in water and determined spec-
mental units. trophotometrically using anthrone in sul-

. huric acid on a Technicon Autoanalyser
Ewe and lamb intakes were calculate

for each exclosure cage and a mean was ¢
culated for each paddock.

ttached to a peak height analyser [25].
rganic matter (OM) was calculated from
total DM minus ash, analysed by combus-
Herbage yield was measured every 21 §0n at 550 °C for 6 h in a muffle furnace.
by cutting a 1x 0.3 m strip at 3 cm above '0tal nitrogen was determined by micro-
ground level (using a hedge trimmer,Ki€ldahl technique using ‘Kjeltec equip-
Husqvarna, Sweden) under the three excldnent’ (Perstorp Analytical Ltd., Maiden-
sure cages in each plot, before relocation dt€ad, Berkshire). Neutral detergent fibre
the cages. These samples were then ovfps determined as described by Van Soest
dried (at 80 °C for 24 h) and weighed.€tal. [27] and acid detergent fibre was anal-
Herbage yields were then calculated a¥S€d according to Van Soest and Wine [28]

kg DM-hal.d1 by simple area conversion. USing the Tecator Fibretec System equip-
ment (Tecator Ltd., Thornbury, Bristol).

For WSC analysis grass samples weré vitro dry matter digestibility (DMD) was
cut at 3 cm above ground level with herbageletermined following the method of Jones
shears at 10.00 h at weekly intervals fromand Hayward [13].

five random locations in each paddock. o measurements were analysed using
Every three weeks, to coincide with the endyjit_njot analysis of variance [14] to com-
of each period, a more comprehensive Che“?)‘are HWSC vs. control and varietyperiod

ical analysis was conducted for concentrafyieraction. The block effect was not sig-
tions of WSC, acid detergent fibre (ADF), hiicant and was subsequently pooled with

neutral detergent fibre (NDF), in vitro dry e error. Variety main effect was tested
matter digestibility (DMD) and total nitro- gainst the pooled main plot error and vari-
gen (TN). All grass samples were collectedyyy, x period effects tested in the sub-plot.
in an icebox containing crushed ice and thegs o relation relationships between the main
frozen (=20 °C) prior to analysis. measurements were also established.

2.3. Animal measurements 3. RESULTS

All sheep were weighed every three3-1- Sward characteristics
weeks, on two consecutive days, at the same ~ and herbage quality
time of day, and sward adjustment animals
were also weighed whenever they were 1he SSH averaged 6.5 cm (s.e. 0.30)
added to or removed from the plots, aftefCross the experimental periods for both
the sward surface height measurementdarieties. Herbage yield was approximately
Individual lamb performance (liveweight °-8% higher from HWSC plots compared
gain; gd-Y) was calculated using data fromt© the control plots during the measurement
the core group of lambs and lamb productiof€riod (Tab. 1).
per hectare obtained from the live weight The concentrations of WSC were higher
changes of all the lambs. After weighingin HWSC @ < 0.05) and they fluctuated
the animals were returned to the plots foacross experimental periods% 0.03). Dur-
the commencement of the next period.  ing periods | and 1l the differential between
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Table I. Chemical composition of the two grass varieties HWSC and control during the three expe-
rimental grazing periods.

Period | Period Il Period IlI * Significance

Control HWSC Control HWSC Control HWSC  s.e.d. Vv P xP

Chemical composition (gg~t DM)

WSC 89 143 75 113 84 92 6.7 0.03 0.03 0.08
ADF 255 222 279 250 274 267 140 0.002 0.06 NS
NDF 487 411 540 473 514 506 249 001 002 NS
CP 169 149 166 200 194 181 12.7 NS NS NS
DMD (%) 647 701 656 706 608 621 232 0.007 0.015 NS

(kg DM-hald?
Herbage yield 75 103 85 91 68 47 4.0 0.1 0.001 NS

WSC = water soluble carbohydrate; ADF = acid detergent fibre; NDF = neutral detergent fibre; DMD = in vitro
dry matter digestibility; CP = crude proteiry, P and Vx P represent the effects of variety, period and variety
x period interaction.

Table II. Animal productivity of the core lambs grazing HWSC and the control grass varieties
during the three experimental periods.

Period | Period Il Period Il * Significance

Control HWSC Control HWSC Control HWSC  s.e.d. \Y P x¥

Intake 116 097 132 169 116 1.09 0.24 NS 0.06NS
Gain 271 312 194 244 175 186 163 0.03 0.001 0.08
Production 193 25% 131 177 114 107 184 0.06 0.001 0.04
Capacity 341 462 341 365 292 292 3.44  0.10.004 0.06

Gain = liveweight gain, g-; production = kg liveweighal-period; capacity = carrying capacity, ewles™;
intake = kg DMd™L * v, P and Vx P represent the effects of variety, period and varkegriod interaction.

HWSC and the control was 54 and 3&gt ~ 3-2- Animal performance

DM, respectively, but in period Il it was

only 8 gkg™* DM (Tab. ). In vitro DMD The combined estimated DM intakes of
of HWSC was higher (67.6 vs. 63.7%),the ewes and lambs, calculated by the exclo-
while the fibre fraction concentrations weresure cage method were not significantly dif-
higher on the controR(< 0.01). Both DMD  ferent between the two varieties, although
and NDF concentration varied significantlythere was a tendency for intake to
across periods”(= 0.02 andP = 0.015, vary between periods (Tab. P,= 0.06).
respectively). Crude protein concentration_iveweight gains (g) of animals graz-
was not significantly different between theing HWSC were higher than control ani-
varieties. mals P < 0.05) and varied significantly with
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period @ = 0.001). The correlation coeffi- differences in fibre and WSC concentration.
cients indicated a positive relationshipThe higher fibre concentration of the lower
between liveweight gain and the WSC conWSC grass was expected because higher
centration of the herbage, and a negativ&/SC grasses tend to have proportionately
relationship between fibre concentrationless structural carbohydrate to account for
and liveweight gainr(= 0.67 and —0.73; the elevated WSC fraction of the plant [20].
P < 0.05, respectively). The reduction in crude protein concentra-
Animal production (kg liveweigrtal)  fon reported by Hump_hreys [9] in grasses of
was higherr) (23%P = (() 86) from %nimazls high WSC concentration was not observed
on HWSC plots comp.ared to the controlher_e' in accordance with the findings of
animals. The higher level of production fromSMith et al. [23].
HWSC was positively related to WSC con- Daily herbage yield was greater for

centration and carrying capacity< 0.66  \vSc compared to the control in periods |
and 0.87P < 0.05, respectively) and nega-anq ||, This was reflected in the greater car-
tively related to flbre concentration rying capacity of the HWSC sward during
(r=-0.76;P < 0.05). Significant period {hese periods, which subsequently declined
effects were found for I|v_ewe|ght gain, ani-in period I11. The mean daily herbage pro-
mal producpor) gnd carrying capacity. Ther_eduction (78.2 kg DMhat.d™)) across all
were also significant interaction effects (vari-ree periods was higher than with a similar
ety x period) for animal production and an comparison of olium perennevarieties dur-
interaction trend for both liveweight gain ing May—June of 54.5 kg DMaLd1[6]
and carrying capacity’(= 0.08 and®=0.06,  \yhich may be explained by the higher rate
respectively). of fertiliser application used in this study,
250 vs. 200 kg MaL

4. DISCUSSION It has been reported that exclosure cages

can introduce errors when used to determine

4.1. Chemical composition herbage yield on areas that are open to con-
and herbage intake tinuous grazing [6, 18]. These errors are

often the result of topographical differences

The difference in WSC concentrationin the plot and uneven sward growth as a
between the control and HWSC of 3Rgg?  result of urine patches, which contribute to
DM (representing a 20—-40% increase)roduce a net increase in herbage produc-
observed was similar to that reported bytion, or weed patches, which result in a
Humphreys [10]. Whereas Humphreys [9reduction in herbage production. Care was
10] reported consistent differences betweetaken in this study to reduce some of these
varieties throughout the year, in the presergrrors by random rotation of the cages and
study they were not sustained across all thrdgy taking four strips outside the cage instead
21 d experimental periods. This may reflecbf the usual two [4]. However, the intake
the fact that the work of Humphreys [9, 10]data collected were approximately 18%
was based upon small plots and individualower than the AFRC [1] estimated intake
plants grown in controlled conditions asfor a ewe suckling a singleton lamb of
opposed to measurements from large sca0 g DMkg W05 Also, by the end of the
plots subjected to meteorological andexperiment, the lambs were between 25 and
pathogenic stresses used in the current stud3Q kg liveweight and would have been con-
which are known to cause fluctuations insuming approximately 1.0 kg D& [2].
the chemical composition of the grasse®espite the potential limitations of the pro-
[19]. The differences in DMD between thecedure, the data obtained does provide an
two varieties were most likely related to theestimate of the relative differences between
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HWSC and the control paddocks in termgP = 0.06) animal production (kg liveweight
of intake and yield, although an alternativeha) on HWSC compared to the control.
approach e.g. n-alkanes [16] should be comAnimal production was correlated with the
sidered in future. WSC concentration of the herbage:(0.66;

P < 0.05). Period effects similar to that for

liveweight gain and WSC concentration were
4.2. Animal performance observed. These were probably the result of

meteorological differences between the peri-

The liveweight gain of the suckling lambs ods, which have been shown to dramatically

(247 and 213 g for animals on HWSC alter the chemical composition of forages
and control grasses, respectively) are simif19]. The animal production response was
lar to those reported by Evans and Scurlock multiplicative effect between the greater
[8] on high WSC (var. Aurora) and control liveweight gain and the greater carrying
(var. Melle) varieties of perennial ryegrasscapacity, which is related in turn to the
(237 and 223 g1, respectively). Although greater daily herbage production, of the
Aurora produced significant production HWSC paddocks. The interaction effects
responses, this grass was not popular in corbbetween period and variety in animal pro-
merce because of its poor resistance to foduction and liveweight gain may imply that
age diseases (e.g. crown ri&iccinia coro- HWSC grass is not advantageous under cer-
nata). Grass breeding has alleviated thigain conditions, such as with a low herbage
problem and is not an issue with HWSCyield, over the control.

(Ball353). The overriding relationship,  tpe jhcreased liveweight gain of lambs
which arose from the anlmal_ performance razing on HWSC compared with the con-
results was the association betweey, in"heriods | and Il) may be related to
liveweight gain and WSC concentration Ofimprovements in the balance of energy and
the herbager (= 0.67,P < 0.05; Tab. II). In nitrogen supply to the rumen through the

]E)eriods I_ar|1_d I th_eLe WEf‘rebSigniﬁcaﬂwgéelevated level of WSC, as this is the most
erences in liveweight gain between ; . ’
and the control, which correlated with therapldly available source of energy to the

L ; . micro-organisms [7]. This may enhance
significant differences in WSC concentra-pqohial protein synthesis, change micro-
tion. In contrast in period 11l the difference '

; ; -"' 7~ bial fermentation resulting in a reduction in
in WSC concentrations between varieties, | 00204 methane production and an

ylvas Hminimal ar:ﬁ Ii\I/_eweighth?ain_s were Sim'improved glucogenic:lipogenic volatile fatty
ar. However, the fIVeweight gain reSpons€,qiq ratio [24]. Carruthers and Neil [4] sup-
was also negatively correlated with fibre

. . plemented Friesian cows on high or low
concentration. Thornton and Minson [26]nitrogen pasture diet with non-structural car-

T)ohydrate and in both cases observed sig-

by ru_mmants_ Wﬁs largely dﬁpﬁndent Ohificant reductions in rumen ammonia con-
retention time in the rumen, which was PMN--entrations. Formulation of diets that

cipally affected by the fibre components Ofim rove the balance in nitrogen and energy
the diet. This may suggest that the IOWeFelre)ase into the rumen on gn hourly basis
fibre concentration of the HWSC grass may, o aseq the efficiency of microbial pro-
haye resulted in the inc_rease n I'Vewe'gh{ein synthesis [22] and the growth rate of
gain through a greater intake. However, a mbs [30]. In ewes fed an asynchronous
the intake data is not conclusive it is difficult diet the Ievéls of plasma urea were increased,
to further postulate any link between fibreg,oqting a reduction in nitrogen efficiency
concentration and liveweight gain. [29]. A dairy cow experiment [17], offered
The increased animal performance (lamlthe same grass varieties used in this study,
liveweight gain; gi1) contributed to greater observed a significant increase in milk yield
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on the high WSC grass, further suggesting &1
link between improved animal performance
and WSC and/or fibre concentration of the
fed herbage. Whether the increased perfoys)
mance in this study was entirely due to the
elevated WSC concentration of the grass,
or the reduced concentration of fibre or a}
combination of the two, remains unclear. 4

5. CONCLUSION [5]

Increases in liveweight were achieved
when the differential in grass WSC concen-
tration was approximately 40-5&kg DM, ]
but not when the chemical compositions 01[
the experimental grasses were similar. The
factors that control these fluctuations in
chemical composition are not yet fully
understood, but it will be important to iden-
tify how to sustain the WSC differential to
ensure consistency of response when feed-
ing high WSC grasses. This study endorsed§]
the hypothesis that feeding ruminants on
forages that are bred for quality traits (as
well as for yield and persistency) may con-
tribute to enhance efficiency and reduce thé)]
cost of sheep production.

(7]
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