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ABSTRACT 

Five rotational g razing experiments were carried out at Massey University's 

R iverside farm , i n  the Wai rarapa, on  the East Coast of the Southern North Island , 

New Zealand, to compare the effects of feeding Lotus corniculatus L. (b i rdsfoot 

trefo i l ;  cv. Grasslands Goldie) or peren n ial ryegrass (Lolium perenne)/wh ite clover 

( Trifolium repens) dominant pasture u pon sheep year round productivity. These 

studies also i nvestigated under grazing, seasonal and annual net herbage 

accumu lat ion rate and seasonal dynamics of undisturbed ( i .e .  non-grazed) net 

herbage accumu lat ion rate of L. corniculatus relative to that of grass-dominant 

pastu re. Aspects of in vivo digest ib i l ity of dry matter (OM O),  organic matter (OM O) ,  

d igest ib le organic matter i n  the dry matter (OOMO) and metabol isable energy (ME) 

concentration of L. corniculatus at d ifferent stages of matu rity over the spring,  

summer and autumn were investigated i n  three indoor d igest ion trials.  

1 .  Two f ie ld experi ments (Chapter 2) were conducted during spri ng to assess the 

effects of grazing m ixed age und renched ewes on L. corniculatus (n = 50) o r  

pasture ( n  = 50) and their lambs (main ly twins) o n  l ive we ight (LW), woo l 

productio n ,  faecal nematode egg count (FEe) and dag score. I n  Experi ment 1 ( 1 8  

October 2000 to 2 1  January 2001 ) and Experiment 2 (3 October 2001 to 2 January 

2002) both forages were fed ad libitum. Total condensed tan n in  (CT) concentration 

i n  the d iet selected was 24 to 27 g CT/kg OM for L. corniculatus and 1 .4 to 1 .5 9 

CT/kg OM for pasture. The LW gain ,  wean ing LW and woo l production were 

co nsistently greater (P < 0.001 ) for lambs grazing L. corniculatus, in either  
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Experiment 1 (258 vs. 189 g/day ; 36 .1 vs. 30.1 kg ; 1 . 1 7  vs . 0.98 kg) and i n  

Experiment 2 (247 vs. 162 g/day; 31.8 vs. 24. 1  kg ; 1 . 1 7  vs . 0.81 kg) , respectively.  

Ewe and lamb dag scores were strong ly and positively corre lated with dag weight 

(P < 0.001) and generally increased with t ime in sheep grazing pastu re , wh i lst 

graz ing on L. corniculatus consistently reduced dag score . FEe in ewes grazing 

pasture showed a post-parturient r ise (PPR) fol lowing lambing, wh i lst ewes grazing 

L. corniculatus had a reduced PPR in FEe.  Up  to day 70 , FEe in lambs g razing L. 

corniculatus was lower than that for lambs grazing pasture, but between day 70 

and the end of both experiments (approximately day 90) , FEe in lambs grazi ng L .  

corniculatus i ncreased to s imi lar values as for  pasture-fed lambs. FEe was not 

corre lated with dag score or dag weight in ewes or lambs grazing pasture ,  but 

these indices were weakly and positive ly corre lated in  ewes and lambs g raz ing L .  

corniculatus, suggesting that lowering FEe on  L. corniculatus also reduced dag 

formation. 

It was concluded that under dryland farming conditions, the use of L. corniculatus 

during the spring/early summer lactation period can increase lamb LW and wool 

production ,  whi lst e l im inating the need for pre-Iambing anthelm intic d rench ing and 

probably reducing the amount of insecticide needed to control flystrike. These 

effects compared to pasture are probably due to h igher d igest ib i lty, h igher ME 

concentration ,  h igher voluntary feed intake (VF I ) ,  and to the effe ct of eT i n  

reducing rumen protein  degradab i l ity and contro l l i ng internal parasites i n  sheep 

grazing L .  corniculatus. The absence of endophyte in  L. corniculatus may have 

also have contributed to these effects . 
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2 .  Duri ng 2001 and 2002 (Chapter 3), grazing trials from February to November 

were conducted for 279 days (Experiments 1 )  and 285 days (Experi ment 2) , to 

com pare the effects of grazing shorn mixed age Rom ney ewes in l ight condition on 

L. corniculatus versus pastu re du ri ng the mating period (9 weeks, Experiment 1 )  

and 1 1  weeks (Experiment 2) .  In  Experiment 2, the length of time (days) that ewes 

need to graze L. corniculatus before mating to max imise rep rod uctive performance 

was also investigated . Co m mon objectives in  both Experi ments were to measure 

forage feeding effects on ewe wool production and LW of the ir  lambs at weaning.  

In Experi ment 1 ,  groups of ewes (n = 1 00) were fed on either L. corniculatus or  

pasture at a herbage al lowance of  1 .8 kg green OM/ewe/day for  the fi rst th ree 

weeks of feeding and increased to ad libitum (2.3 kg green OM/ewe/day) during 

the mating period for  two cycles. I n  Experi ment 2 ,  g roups of  75 ewes grazed L .  

corniculatus for 42 , 21 , 10  and 0 days before a synch ronised oestrus ,  with pasture 

being grazed fo r the balance of the 42 days . Al l  L. corniculatus groups continued 

grazing L. corniculatus for a further 5 weeks . Feed a l lowance was in it ial ly 2 .0 kg 

green OM/ewe/day, increased to 2.3 kg green OM/ewe/day during the mating 

period over the two cycles. At the end of L. corniculatus feed ing i n  both 

experiments the groups were co mbined and grazed on pastu re unt i l  weaning. Total 

CT concentration in the d iet selected was 1 8  to 29 g CT/kg OM for L. corniculatus, 

with only t race amou nts in pastu re. 
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I n  Experiment 1 mat ing ewes on L. corniculatus compared to pastu re i ncreased 

number of lambs born and lambs weaned per ewe lambing by 16 and 32% u nits 

respectively (P < 0.05) , d ue to more mu lt ip le and less s ingle b irths ( P  = 0.06) and 

to reduced lamb mortality (P < 0.05) between b i rth and weaning. In Experiment 2 ,  

i ncreasing the numbers of days of grazing L .  corniculatus before ovu lation (0, 10, 

21 , 42 days) l i nearly increased ovu lation rate (P  < 0.05) , lambs born and lamb 

weaned by up to 16% un its ,  but had no effect upon lamb mortal ity. Mat ing ewes on 

L. corniculatus i ncreased wool production (P < 0.01) and f ibre length (P < 0.05) i n  

Experiment 1 bu t  not i n  Experiment 2. Grazing L .  corniculatus had no effect o n  

lamb b i rth weight and on ly smal l positive effects on wean ing LW. 

It was concluded that ,  under  commercial dryland farm ing condit ions, the use of L. 

corniculatus during the mat ing season in late summer/autumn can be used to 

i ncrease reproductive eff ic iency and wool production ,  with the largest responses in 

years with exceptional ly d ry autumn periods.  These effects are probably due to the 

h igher d igestib i l ity and ME concentrat ion of L. corniculatus than pastu re and to the 

CT i n  L. corniculatus reducing rumen protein degradab i l ity and lead ing to greater 

essential amino acid (EAA) absorption f rom the smal l  i ntesti ne. Effects of forage 

CT upon the uterine microenvironment at the t ime of concept ion ,  implantat ion and 

early foetal growth , need to be investigated i n  fut u re studies. It is also suggested 

that effects of mating on L. corniculatus upon lamb mortal ity between birt h  and 

weaning should be fu rther investigated with ewe numbers/treatment i ncreased 

from 100 to 350.  
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3 .  Du ring the summer of 2002/2003, another g razing trial (Chapter 4: 95 days) 

compared the effects of graz ing L. corniculatus and pasture on LW and the 

dynamics of nematode parasite i nfection in Suffo lk x Romney weaned lambs fed 

ad libitum. Half of the lambs (n = 30) grazing e ither L. corniculatus or pasture 

received oral anthe lm intic at the start and at month ly i ntervals ( regu lar-drenched 

groups) , whi lst the remaining 30 lambs in each treatment only received oral 

anthe lmint ic when mean faecal nematode egg counts (FECs) exceed 1 ,000 eggs/g 

wet faeces (trigger-drenched groups) ,  which occu rred on  day 58 only for both 

g roups. Trigger and regu lar-d rench lambs grazed separate areas . Total CT 

concentrat ion in the d iet selected was 40 to 31 g CT/kg DM for L. corniculatus, with 

on ly trace amounts in pasture .  

Regu lar-d renched lambs grazing L. corniculatus had s ign if icantly h igher LW gain 

(298 g/day) and carcass weight gain ( 1 33 g/day) than al l  the other groups, whi lst 

trigger-drenched lambs graz ing L. corniculatus h ad sign ificantly greater LW gain 

(228 g/day) and carcass gain (99 g/day) than regu lar-drenched (200; 66 g/day) and 

trigger-drenched ( 1 87; 63 g/day) lambs grazing pasture .  Carcass fatness was 

significantly lower for trigger-d renched lambs than for regu lar-drenched lambs, 

when fed e ither L. corniculatus or pasture .  Dag score was consistently lower for 

regu lar-drenched lambs grazing L .  corniculatus than pasture ;  trigger-drenched 

lambs showed s im i lar effects up to day 48, with no d ifferences between the two 

groups thereafter. Regu lar anthelmintic treatment maintai ned FECs at low values, 

whi le parasit ised lambs on L. corniculatus tended to have higher FECs than 

pasture-fed lambs. Relat ive to trigger-drenched lambs that grazed pasture, grazing 
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trigger-drenched lambs on L. corniculatus had signif icantly reduced worm burdens 

of Haemochus contortus, Teladosargia spp. , Nematodirus spp. and Cooperia spp. 

at slaughter, but greater burdens of Trichostrongylus spp. , Chabertia ovina, 

Oesophagostonum spp. and Trichuris ovis were present i n  L. corniculatus-fed 

lambs . 

It was concluded that grazing L. corniculatus under d ryland farm ing conditions 

compared to pasture can increase LW gain of weaned lambs, whi lst reducing 

rel iance on anthelm intic drenches to control parasites. These effects are probably 

due to increased protein supply from the action of CT enabl ing the lambs to have a 

higher LW gai n when carry ing a paras ite burden,  and to L .  corniculatus better 

maintain ing its high ME value under d rought conditions.  Us ing L. corniculatus to 

f in ish weaned lambs without anthe lmintic d renches for a seven-week period is 

proposed . 

4. A three-year study (Chapter 5 ;  November 2000 to October 2003) was conducted 

to compare,  under g razing condit ions, seasonal and annual g razed net herbage 

accum u lation rate and seasonal dynam ics of undistu rbed ( i .e .  non-grazed) net 

herbage accumu lation rate of L. corniculatus relative to grass-dominant pasture .  

Prediction equations to estimate standing OM in L. corniculatus and pasture from 

the ris ing plate meter (RPM) and sward surface height were also generated . 

L. corniculatus and pastu re growing in a moderate fert i l ity and Iow-pH soi l  (pH 

5 .35) accumu lated s im i lar total herbage masses (24.3 vs . 24. 1  t OM/ha) over the 

3-year period , with the OM production be ing greater for  L. corniculatus than for 
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pasture during 2000-2001 , producing more DM during summer/autumn drought 

condit ions. The net herbage accumulation rate from undisturbed areas of L. 

corniculatus and pasture were s im i lar in spri ng ,  summer and autumn .  Seasonal 

variation in  the cal ibration regressions f itted to est imate herbage mass of L. 

corniculatus non-destructively, suggested a combination of destructive and non­

destructive methods are needed to assess herbage mass. It was concluded that L. 

corniculatus has the potential to increase the performance of a pasture-based 

sheep dryland farming system due to its abi l ity to grow in acid ic soi l s ,  its tolerance 

of d rought conditions during summer/autum n  and its seasonal ity of feed supply. 

5.  Three digestion experiments i nvolving cryptorchid weaned lambs were 

conducted for 1 4  days over the spring, summer and autumn to determine changes 

in in vivo digestib i l ity of OM, OM,  d igest ib le OM i n  the OM and M E  concentration of 

L. corniculatus at d i fferent stages of maturity. In vivo digestib i l ity samples were 

then used as standards to i nvestigate if the enzymatic in vitro system of Roughan 

and Hol land ( 1 977) could pred ict OMD and DOMD of eT-contain ing L. 

cornicu/atus. Digest ib i l ity of L. corniculatus decl ined as it matu red , but  the rate of 

decl ine was much less than occurs for temperate grasses and for wh ite clover. It 

was concluded that the in vitro enzymatic system of Roughan and Hol land ( 1 977) 

can be used to p red ict OMD and DOMD of L. corniculatus, provided a standard 

cu rve involving in vivo data generated w ith L. corniculatus is used. Using a 

standard curve with in vivo data from pasture led to bias which i ncreased at lower 

OMD values .  Reasons for the consistent d ifferences between L. corniculatus and 
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pasture standard curves are discussed , i ncluding possible effects of residual 

bound CT i n  lowering in vitro d igest ib i l ity. 

From this series of experiments, th is study is the fi rst to report that re lative to 

conventional perenn ial ryegrass/white clover, mat ing ewes on L. corniculatus 

under graz ing conditions may reduce post-natal lamb mortality. It i s  also the f i rst 

study to show that grazing sheep on L. corniculatus can maintain product ivity 

during spring and summer with reduced dependence on anthe lm i ntic drench input .  

It is concluded that whole farm model l ing ,  mechan ical harvest i ng and conservation 

strategies, se lect ion of L. corniculatus germplasm for creepi ng-type plants more 

su ited to g razing and the integration of new crops containing secondary 

compounds ,  such as ch icory, shou ld be considered to support major advances i n  

sustainable d ryland sheep farming systems. 
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CHAPTER 1 .  

A LITERATU RE REVIEW 



1 .1 LOTUS CORNICULATUS AS A FORAG E PLANT 

1 .1 .1 Introduction 

CHAPTER ONE 

Legumes are an important component of feeding systems in temperate zones to 

fix nitrogen and to produce high qual ity forage as a feed for l ivestock (Hoffman et 

al. , 1 993;  Panciera and Sparrow, 1 995) . The genus Lotus comprises 80 to 200 

annual and perenn ial species distr ibuted throughout the world (Seaney and 

Henson ,  1 970) . 

The centre of orig in of the old-world Lotus species is the Mediterranean . Lotus 

corniculatus L. (b i rdsfoot trefoi l) is natural ly d istr ibuted th roughout Eu rope (Seaney 

and Henson ,  1 970) , extending i nto Asia as far as the H imalayas and southward to 

i nclude Eastern and Northern Africa (Jones and Turkington ,  1 986) .  Lotus 

corniculatus species have been introduced to over 200,000 ha in Eastern Canada, 

along the East and West coasts of the U .S.A (1 m i l l ion ha) and in Mexico (Seaney 

and Henson , 1 970 ; Turki ngton and Franko, 1 980 ; Scott and Charlton ,  1 983 ; 

Beusel inck and Grant, 1 995) . 

Furthermore, i ntroduced L. corniculatus is widely d istributed i n  Ch ina, I nd ia and 

South American countries (Braz i l ,  Uruguay ,  Argent ina and Chi le)  (Jones and 

Tu rkington ,  1 986) where approximately 250 ,000 ha are sown every year (Frame et 

al. , 1 998) . In  t ropical regions L. corniculatus i s  restricted to mountai n altitudes in 

the range of 730 to 3 1 00 m (Turkington and Franko, 1 980;  Jones and Turkington ,  

1 986; Frame e t  al. ,  1 998) . 
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Two perenn ial Lotus species are used for forage production in the world (Frame et 

al. , 1998) . In New Zealand b ig trefoi l  (Lotus pedunculatus Cav. ,  syn . Lotus 

uliginosus Schkuhr. )  and b i rdsfoot trefoi l  (BFT) (Lotus corniculatus L . )  were 

i ntroduced i n  the early 1900's (Levy, 1918) ,  as pioneer legumes to develop scrub­

covered land (Frame et al. , 1998) . H owever, today's B FT is  recognised as a hay 

crop and as a perennial non-bloat ing pastu re ,  which provides excel lent feed for 

rum inants (Al i son and Hoveland , 1989b ;  Beusel i nck and Grant, 1995) . 

1 .1 .2 Agronomic characteristics 

Lotus corniculatus is the most variab le species i n  the Lotus genus (Turkington and 

F ranko, 1 980 ; Jones and Turkington ,  1986) .  B i rdsfoot trefoi l  is  a cross-pol l i nated 

perenn ial legume .  P lants l ive between 2 and 4 years (Beusel i nck and G rant, 

1995) . In appearance B FT is main ly non-rhizomatous,  predominantly winter­

dormant especia l ly in cold areas, and summer-active . B i rdsfoot trefoi l  is to lerant of 

low soi l  fert i l ity, d rought cond it ions, soi l acidity and impeded drainage (He inrichs, 

1970 ; Douglas and Foote, 1993 ; Pol lock and Scott, 1993; Bologna et al. , 1996 : 

Kemp et al. , 1999) .  

B i rdsfoot trefoi l  has a taproot (up to 1 m in length) ,  that becomes woody with age 

(Jones and Turkington, 1986) ,  However, the root system is less deep than l ucerne 

(Medicago sativa) (Beusel ink and Grant, 1995) .  The root system has several 

secondary lateral  branches. It forms a th ick f ibrous root system i n  the topsoi l  

(Tu rkington and Franko, 1980) ,  which leads to its better pers istence on u nd rained 

shal low soi l s  than Medicago species (Foulds, 1978 ; Frame et al. ,  1998) . 
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There is a substantial d ifference in  stem and leaf morphology with in  L. corniculatus 

(Seaney and Henson, 1 970) . The aerial system of BFT consists principal ly of 

numerous wel l-branched stems aris ing fro m  a s ingle crown (Al ison and Hoveland ,  

1 989a; Beusel inck and Grant, 1 995 ;  Bologna e t  al. , 1 996) . Stems emerge 

prostrate, erect or  ascending, usual ly 1 0  to 50 cm (but up to 1 m)  (Jones and 

Tu rki ngton, 1 986 ; Kal lenbach et al. , 1 996).  After grazing or  cutt ing, regrowth 

emerges from axi l lary buds located on the upper parts of the cut shoot (Nelson 

and Smith, 1 968) . Stems are slender, sol id ,  round in  cross section at the base, and 

square at the top , ranging from glabrous to pubescent (Turkington and Franko ,  

1 980) . 

Leaf shape may vary from obovate , rou nded or oblanceo late. Leaves are attached 

alternatively on opposite s ides of the stem (Seaney and Henson ,  1 970) . Leaves 

are pentafo l iolate, 6 to 20 mm long and 1 to 9 mm wide, and ent ire to m inutely 

serrate (Jones and Tu rkington, 1 986) . Each leaf has three leaf lets attached to the 

termi nal end of the petio le and two smal ler green leaf lets attached at the base 

(Tu rki ngton and Franko, 1 980; Beusel ink and Grant, 1 995) ,  which are habitual ly 

hairless (Scott and Charlton, 1 983). S im ilar to wh ite clover ( Trifolium repens L. )  

during darkness the leaflets close around the petio le and stem (Seaney and 

Henson, 1 970; Beusel inck and Grant, 1 995) . 

B irdsfoot trefoi l  is  a long-day plant. It requ i res between 1 6  and 1 8  hours of day 

length for fu l l  f lowering (Beusel inck and Grant, 1 995) .  The inflorescence is  a typical 

u mbel  with 4 to 8 f lorets attached on a rather erect pedu ncle (3 to 1 0  cm) (Seaney 

and Henson,  1 970) aris ing from the axi l  of upper leaves (Turkington and Franko ,  
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1980) . Each f loret consists of a calyx with 5 u nited sepals, 2 to 6 mm long, 

g labrous,  toothed or  p ubescent and a characteristic legume corro l la  with 5 petals 

(Jones and Turkington ,  1986) ,  which are general ly bright yel low to coppery or brick 

red at some stage ( Frame et al. , 1998) . 

Seed pods are cyl i nd rical , 15 to 30 mm long and 3 mm d iameter (Turkington and 

Franko, 1980; Scott and Charlton,  1983) often impermeable to water (Seaney and 

Henson,  1970) .  As they ripen,  they change colour from green to brown and are 

almost b lack as they mature (Frame et al. , 1998) .  An average of 5 to 6 pods are 

produced at right angles to the top on the peduncle (thus  'bird's-foot trefo i l  as the 

common name) (Seaney and Henson , 1970; J ones and Turkington,  1986). Each 

pod contains 15 to 20 seeds attached to the ventral sutu re. At maturity the pods 

spl it along both sutures and twist spiral ly, and vio lently d ischarge the seed (Seaney 

and Henson, 1970) . 

Seeds are irregu larly rounded , somewhat f lattened and very smal l ,  1.3 to 1.5 mm x 

1.0 mm .  At maturity they vary in colour from ol ive to brownish to almost b lack and 

are frequently speckled. The i r  weight varies from 1 .11 mg to 1.67 mg (Turkington 

and Franko, 1980; Jones and Turkington, 1986) .  Seed qual ity varies and depends 

upon maturity at harvesting and the crop-hand l i ng processes used (Frame et al. , 

1998) . U nless the seed coat is  scarif ied or  treated to al low absorption of moisture ,  

the hard seed wi l l  not germinate (Seaney and H enson, 1970) . 
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1 . 1 .3 Uses 

Lotus corniculatus is recognised as a h igh-qual ity pasture ,  hay crop and seed crop 

with an i m portant ro le on soi ls that are imperfectly drai ned as less ferti le and d ry 

(McGraw and Marten,  1 986) . B i rdsfoot trefo i l  is more tolerant than lucerne and 

clovers to acid ic, sal ine and calcareous soi ls (Turkington and Franko, 1 980 ; 

Schachtman and Ke lman, 1 991 ) .  In  add it ion to forage prod uctio n ,  its attract ive 

flowers for honey production (Frame et al. , 1 998) and perenn ial- l ife cycle make 

BFT popu lar  for plantings on highway slopes and medians for beautification ,  so i l  

improvement and erosion control (Beusel inck and Grant, 1 995) .  

The seasonal production of BTF suggests that in  farm management the legume is  

an alternative pasture for  grazing throughout the summer pe riod (Van Ke uren et 

al. , 1 969 ; Bologna et al. , 1 996) . However, if a pure stand of B FT is conserved as 

hay, it requ i res cutting at early flowering. Lotus corniculatus may be less tolerant of 

defol iat ion than clove rs , but is more to lerant than lucerne (Scott and Charlton ,  

1 983) .  Waghorn et  al. (1 998) suggested that BFT should be used for pastoral 

farm ing in Central Otago and the East Coast of South and North Is lands in New 

Zealand . 

1 . 1 .4 Cultivars 

In the early 1 900's Lotus major (L. pedunculatus Cav.) ,  Lotus hispidus (Body's 

clover or hai ry b irdsfoot trefo i l ) ,  Lotus angustissimus (Slender b i rdsfoot trefoi l )  and 

L. corniculatus were species of trefo i l  of agricu ltural importance in New Zealand 

(Levy, 1 9 1 8) .  Sign ificant variabi l ity exists with in BFT germ plasm for further 
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select ion of new cu ltivars (Beuse l inck and G rant, 1995) . More than 200 

i ntroduct ions have been screened from several overseas sources i n  d ryland s ites 

i n  the South and North Is lands of New Zealand during the l ast decades (Scott and 

Charlton,  1983) .  

From th is screening only eight erect cu ltivars were considered promis ing for 

d ryland conditions by Scott and Charlton (1983) and Lowther et al. ( 1987) ; 

Cascade (USA) , E l  Boyero (Uruguay) ,  Franco ( Italy) ,  Ginestrino (Chi le) ,  Granger 

(USA) , Maitland (Canada) , San Gabriel (8rasi l )  and Tana (USA) . However, the 

semi-erect cu ltivar Grasslands Goldie adapted for grazing is  the most com monly 

avai lab le i n  New Zealand (Bologna et al. ,  1996; Waghorn et al. ,  1998) . 

1 .1 .5 Establ ishment and growth 

The abi l ity of BFT to establ ish is condit ioned by seed weight and seed size 

(8eusel inck and McGraw, 1983 ; Beusel inck and Grant, 1995) ,  and by sowing 

depth (Woodman et al. , 1990) . I n  addition ,  Laskey and Wakefie ld (1978) reported 

lack of mo istu re at the t ime of seed ing ,  environmental condit ions and poor 

competit ion with weed, companion crops, and 8FT itself to inf luence 

establ ishment. 

Germinat ion in BFT is conditioned by temperatu re (Hur and Nelson,  1985) and is 

rapid i n  the range between 10° C and 20° C (Panciera and Sparrow, 1995) . 

However, germination and seed l ing emergence i n  BFT are not the l im it ing p rocess 

to ach ieve an adequate legume establ ishment (Bologna et al. , 1996) . The fai l u re i s  
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due to the b i rdsfoot t refoi l 's poor seed l ing vigou r (Seaney and He nson, 1 970;  

Foulds, 1 978 ; Beusel inck and Grant, 1 995) .  

H igh seed l ing losses occur i n  May-J une or August (Bologna e t  al. , 1 996 ;  

Wood man et  al. , 1 997) . Nodulation fai l u res and slow in it iat ion of symbiotic n itrogen 

fixat ion affect the early growth of BFT.  Th is  is  to a large extent d ependent on 

i neffective inocu lation techniques, the stra in of Rhizobium used and death of the 

Rhizobium, and soi l temperature (Laskey and Wakefield, 1 978; Chapman et al. , 

1 990) . 

Late winte r or early spring is  the ideal ti me to sow BFT i n  New Zealand to survive 

the onset of dry so i l  conditions (Woodman et al. , 1 997) . H owever, in d ry 

environments a d i lemma exists between sowi ng deeper to guarantee access to the 

moisture or sowing shal low to ensure emergence (Wood man et al. , 1 990) .  I n  most 

situations BFT should be sown alone because it is  no n-co mpetitive and slow 

during estab l ishment compared with most pasture plants used in  New Zealand 

(Douglas et al. , 1 990) . Pure stands of BFT provide high qual ity forage.  However, 

weed invasion may ind uce earl ier renovat ion than for a legume-grass system 

(Marten and Jordan, 1 979) .  

Seed ing rates between 3 and 5 kg/ha are suggested in oversowi ng.  For cu ltivated 

soi ls, seeding rates up to 1 0  kg/ha of viable seed are reco m mended for 

estab l ishment of a pure stand of BFT (Waghorn et al. , 1 998) . P u re stands of L .  

corniculatus reach the highest yield when i t  i s  sown in  rows 1 5  cm apart 

(Turki ngto n and Franko, 1 980) . Some reseeding takes place if estab l ished swards 
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are a l lowed for seed product ion in  m id-summer each year (Scott and Charlton,  

1983; Al ison and Hoveland, 1989b) . 

1.1.5.1 Rhizobial requirements 

I n  N ew Zealand, soi ls are not infected with the Rhizobium sp. for 8 FT i n  most of 

the country, except for those few areas where 8FT or Lotus tenuis have become 

natural ised. As a consequence, b i rdsfoot trefoi l  requ i res inocu lation with the 

com mercial Rhizobium stra in NZP2238 (Scott and Charlton, 1983) to avo id the 

l im ited root growth problem ( Panciera and Sparrow, 1995) .  

On  acid soi ls around pH 5 .5 and less , management recommendations i nclude 

i noculat ing at 5 times the manufacturer's stipu lated rate and dri l l i ng with the 

i ncorporation of 10% of gum arabic for coated seed and oversowing with i n  24 

hours of i nocu lat ion at not more than 12 mm depth (Chapman et al. , 1990) .  

However, nodu lation fai lu re i n  acid soi ls may be  reduced by  both seed pel let ing 

and broadcasting l ime (Woodman et al. , 1997;  Waghorn et al. , 1998) .  

F u rthermore, e lemental su lphur  (S) and phosphatic (P )  ferti l i ser for seed coating 

also need to be considered in the moister areas (Pol lock and Scott, 1993) . 

1.1 .5.2 Nitrogen fixation 

Legumes can use n itrogen (N)  derived f rom soi l  or  N2-fixation (Gau lt and Peoples ,  

1993) .  Annual  n itrogen f ixation in  pure stands of 8 FT is est imated at 90kg N/ha 

( Heichel et al. , 1985).  The early growth and the N2-fixing abi l ity of the p lant are 

l argely dependent on the strain of Lotus rh izobia, root temperatu re (Kunel ius and 
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Clark, 1 970) ,  soil pH (Foulds, 1 978) and alumin ium concentration (Edmeades et 

al. , 1 991 ) .  

The capacity of  nodules to  sustai n N2-fixation may be affected by p lant species 

and the competit ion between vegetative regrowth and nodules for reserve 

carbohydrates ,  and current photosynthate as well as the removal of photosynthetic 

t issue from the forage legume at harvest (Cral le and Heichel ,  1 981 ; Vance et al. , 

1 981 ) .  

Trefoi l  and lucerne adapt by  d ifferent mechanisms to the stress o f  success ive 

harvests. S ince lucerne has a lower nodule mass than 8FT (8eusel i nck and Grant, 

1 995) . There is  substantial evidence that 8FT exh ib its a greater reduction in total 

n itrogenase activity (TNA) than lucerne after g raz ing or harvest and the recovery i n  

TNA is more rapid in  lucerne than i n  trefoi l  (Cral le and Heiche l ,  1 98 1 ) .  This is  due 

to lucerne's capacity to retain nodules with normal growth and function after 

harvest. I n  contrast, in  8FT ,  as for soybeans, nodule function after graz i ng or 

harvest is  dependent on renewed shoot growth , and the in itiation of a new pink 

nodule populat ion (Vance et al. , 1 98 1 ) .  These d ifferences may reflect a lower cost 

i n  energy for N2-fixation i n  lucerne than in 8FT (Cral le and Heiche l ,  1 98 1 ; Vance et 

al. , 1 981 ) .  As a consequence, 8FT requi res at least between 1 1  and 21 days of 

regrowth before showing normal TNA activity (Cral le and Heiche l ,  1 981 ) .  

1 . 1 .5.3 Soil p H  effects 

8irdsfoot trefoi l  is an alternative legume for d ifferent ecological niches 

(Schachtman and Kelman , 1 991 ) .  I t  is found in the soi l  pH range from 4.5 to 8 .0 
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(Jones and Turkington ,  1 986) .  BFT tends to g row better than lucerne on poor 

ferti l ity acid soi ls .  However, BFT shows a better vigour  on soil at pH 6.5 than at low 

so i l  pH values (Turki ngton and Franko, 1 980; Jones and Turkington, 1 986) . 

1 .1 .5.4 Plant density 

Pasture is  a dynamic commun ity of p lants with new tissue being formed continual ly 

through growth and old t issue d isappearing through the process of decay, 

senescence and death (Korte et al. , 1 987) . The farmer  has d irect contro l over the 

populat ion density through the sowing rate. However, two antagon ist objectives 

need to be considered . F i rst, to sow a popu lation that resu lts in early canopy 

closure and second to delay senescence and decay at the end of the growing 

season (Hodgson,  1 990) .  There m ust be a balance among rate of canopy closure ,  

total b io logical y ie ld and  economic yield (McKenzie et al. , 1 999) . 

For perennial legumes, such as B FT, it is crit ical  that the proper popu lation be 

ach ieved with the i n it ia l  sowing (Chapman et al. , 1 990;  M i l ler  and Stritzke , 1 995) . 

Forage yie ld per p lant decreases asymptotica l ly  as p lant popu lation density (PPO) 

i ncreases and forage yield/m2 is h igh and relatively constant at 60 p lants/m
2
. 

However, B FT requ i res as a m in imum a PPO of 30 p lants/m
2 

for h igh y ie lds of d ry 

matte r  (OM) (McGraw et al. , 1 986). 

B i rdsfoot trefoi l  is largely dependent u pon carbohydrate production f rom leaves 

rather than root reseNes (Turkington and Franko, 1 980) . The interact ion between 

he ight and i nteNal of defol iat ion ,  and d isease i ncidence has a preponderant effect 

on  the popu lation dynamics of BFT (Ayala, 200 1 ) .  Resu lts from Bologna et al. 
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( 1 996) showed that du ring a 1 7  -month study a grazing i nterval of 2 weeks resu lted 

in a survival of 35% of the estab l ished p lants. I n  contrast, defol iat ion interval of no 

shorter than 4 weeks ki l led only 1 3% of the establ ished plants in environments of 

the South Is land in New Zealand . Ayala (2001 ) stated that a reduct ion of BFT 

populat ion cou ld be expected u nder close defo l iat ion in  the short term . However, 

more t ime is requ i red to show a decl ine in stand density with less i ntensive 

defo l iation (8- 1 0) cm and increased grazing i nterval (Ayala, 2001 ) because plant 

density is  also affected by natural reseeding (Taylor et al. , 1 973) .  

1 . 1 .5.5 Dry matter production 

Several studies overseas and in New Zealand have evaluated dry matter 

product ion in  BFT (Table 1 . 1 ) . 

D ry matter production is inf luenced by several factors such as cultivar, latitude, so i l  

pH ,  management of  the sward and environmental cond itions .  In  New Zealand, the 

most p roductive season of OM p roduction of  L. comiculatus ;s the summer (Ayala, 

2001 ) ,  with approximately 50% of the annual yield produced over that period 

(Bologna et al. , 1 996) . 
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Table 1 .1 .  Annual d ry matter yields (tlha) of Lotus corniculatus L .  

Forage Year Country and Total Reference 
district t/DM/ha 

L. corniculatus L 90-91 U.S.A, Alaska 3.0 Panciera and Sparrow ( 1 995) . 

Cv. Dawn 69-72 U.S.A, Kentucky 2 .6 Taylor et al. ( 1 973). 

Cv. Viking 70-72 U.S.A, Kentucky 2 .6 Taylor et al. ( 1 973) . 

L. corniculatus L 95-96 U.S.A, Iowa 7.2 Sleught et al. ,  (2000). 

L.comiculatus. L 85-86 New Zealand, 6.3 Douglas et al. ( 1 990). 
Wairarapa 

Cv. Granger 93 New Zealand, 1 0. 1  Douglas and Foote (1 993). 
Wairarapa 

Cv. G. Goldie 94-96 New Zealand, 1 3. 1  Bologna e t  al. ( 1 996). 
Canterbu ry 

Cvs. San Gabriel ,  95 Chile 6 .7-8.9 Acuna ( 1 995) (cited in Ayala, 
Ganador, Boyero 2001 ) . 

and Quimey 

L.comiculatus. L 96 Uruguay 9.0 Carambula et al. ( 1 996) (cited 
in Ayala, 2001 ) .  

CVS. IN IA Draco, 98-00 Uruguay 5.5 Ayala (200 1 ) . 
San Gabriel 

Cvs. G. Goldie, 98-00 Uruguay 2 . 1  Ayala (200 1 ) . 
Steadfast 

The lowest OM production is i n  the spri ng and late autumn-winter (Douglas and 

Foote , 1 993) .  According to Gervais ( 1 988) in Quebec (Canada) the OM yield 

i ncreased signif icantly with advancing maturity up to the m idbloom stage i n  the 

spring. In contrast, subarctic environmental condit ions depress the growth 

response during the whole year (Panciera and Sparrow, 1 995) .  Typical annual 

y ie lds for d ryland areas i n  New Zealand range from 6.3 to 1 3. 1  tlha (Table 1 . 1 )  

(Douglas et al. , 1 990;  Douglas and Foote , 1 993) .  
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The persistence of BFT uner graz ing conditions is  based on the su rvival of the 

plants origi nal ly establ ished , the development of a soi l -seed bank and seasonal 

seed l ing recru itment (Bologna et al. , 1 996) .  B irdsfoot trefoi l  has also been found to 

be strongly i nfl uenced by the effect of cutt ing height and cutt ing f requencies on 

root growth (Ne lson and Smith, 1 968;  Cral le and Heichel ,  1 981 ; Vance et al. , 

1 98 1 ; Al ison and Hoveland, 1 989a; Panciera and Sparrow, 1 995) . 

B irdsfoot trefoi l  requ i res 20 to 30 day graz ing intervals and 6 to 1 0  cm defol iat ion 

heights duri ng spri ng and moderate cutt ing heights (� 6 cm),  and rest periods ,  

during summer (Ayala, 200 1 ) .  However, to  avoid effects on  the qual ity and 

persistence of L. corniculatus defol iation i n  late autumn ,  cutt ing he ight of less than 

4 cm and harvests , or grazing periods ,  i n  winter should be avoided (Ayala, 2001 ) .  

I n  New Zealand BFT i s  comparatively free from d iseases and pest damage 

(Waghorn et al. , 1 998) . However, international ly fungal species, pests and vi ruses 

affecting crown,  roots, and fol iage, have been described widely by Seaney and 

Henson, ( 1 970 ) ,  Turkington and Franco , ( 1 980) , Jones and Turk ington ,  ( 1 886) ,  

Beusel inck and Grant ( 1 995) and Frame et al. ( 1 998) . 

The reduction i n  competitive abi l ity or pers istence of B FT resu lts i n  the invas ion of 

main ly perennia l  ryegrass (Lolium perenne L.)  and white clover i n  ferti le swards 

(Douglas and Foote , 1 993) , and weed i nvasion elsewhere (Beusel i nck and Grant , 

1 995). 
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From th is perspective ,  Douglas and Foote ( 1 993) stated that the most appropriate 

use of p u re stands of BFT is as a short-term ( less than 3 years) forage with a short 

duration mob-stocking and un interrumped regrowth . In addition ,  rotational grazing 

prevents excessive selection of Lotus i n  m ixtu res with grass .  However,  by al lowing 

reseeding in the two f i rst years , greater longevity wou ld be achieved (Waghorn et 

al. , 1 998) . I n  add it ion, Templeton et al. ( 1 967) stated that swards of BFT for seed 

production pers isted for more than 1 2  years . 

1 .1 .6 Management 

Each pasture species is adapted to particular combinations of temperature 

(altitude) , ferti l ity and soi l  moisture (Seaney and Henson ,  1 970) .  Even though BFT 

is  considered to be a long-l ived perennial legume, its management has shown to 

have a considerable i nf luence on its persistence (Van Keuren and Davis,  1 968 ; 

Van Keuren et al. , 1 969) .  

Considerable research (Van Keuren and Davis, 1 968; Scott and Charlton , 1 983 ; 

Chapman et al. , 1 990) has shown that BFT should be managed s imi larly to 

l ucerne, with mob stocking and rotational grazing.  However, a low stocking rate 

(SR)  m ust be avoided to reduce selectivity by grazes and the rejection of stems 

(Waghorn et al. , 1 998) . But, at the same t ime, the eff icient uti l isation o f  BFT 

swards would i nclude a graz ing management that i nc reases the i ntake of leaves 

rather than stems due to leaves' low content of l ign in (John and Lancash i re, 1 981 ) .  

Rotational grazing promotes reseed ing and greater photosynthetic area after 

g raz ing ,  which reduces the demands on the carbohydrate reserves i n  the roots 
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during regrowth (Beusel inck and Grant, 1 995) . I ntervals between defol iation for the 

orig inal plants to survive under graz ing should not be shorter than 4 weeks 

(Bologna et al. , 1 996) . This is consistent with the view that defol iat ion must be not 

lower than 8 cm (Scott and Charlton ,  1 983) and a lso consistent with maximum 

seed l i ng recru itment (Bologna et al. , 1 996) . 

1 . 1 .7 Chemical composition 

1 . 1 .7. 1 Nutrient concentration 

The nutritive value of BFT is high as pasture ,  s i lage or hay (Table 1 .2) (Seaney 

and Henson ,  1 970) and is comparab le with lucerne and other legumes (Frame et 

al. , 1 998) . 

Table 1 .2. Mean values of chemical composition (g/kg d ry matter (OM))  and in 
vitro organic matter digest ib i l ity (% OMO) in the d iet select by sheep 
grazing Lotus corniculatus L.  (bi rdsfoot trefo i l ;  cv. Grasslands Gold ie) .  

Season 

Spring/summer Sum m er Summer/autum n  

35.5 35.5 38.3 
Total N 

Water soluble CHO 95 NO 84 

Pectin 40 N O  3 9  

Lignin 65 66.2 88 

NOF 286 25 1 346 

AOF 2 1 8  1 97 271 

Total CT 44.5 37.0 20.8 

In vitro OMO 73.3  73 .5  79.6  

.:. Results from Douglas et al. ( 1 995) ; Wang et al. ( 1 996a,b);  Min et al. ( 1 998) ; Barry et al. ( 1 999) ; 
Douglas et al. ( 1 999) ; Min et al. ( 1 999) ; Min et al. (2001 ) .  
N D ;  not determined. 
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Bi rdsfoot trefoi l  maintains its qual ity du ring matur ity better than most forage crops 

(Alison and Hoveland, 1 989b). N itrogen concentrat ion remains h igh unti l  very late 

in the g rowing season (Li ,  1 989) . The content of soluble carbohydrates and 

structural f ibre depends on the p roportions of leaf and stems,  and stage of maturity 

(Waghorn, et al. , 1 998) . 

B irdsfoot trefoi l  contains condensed tann ins (CT) that b ind strongly with protein 

after chewing, reducing protein  degradation i n  the rumen and i ncreasing essential 

amino acid (EAA) absorption in the small i ntestine (Wang et al. , 1 996b ; Barry and 

McNabb, 1 999) .  CT concentrat ion may decrease more rapidly throughout the 

g rowing season in species with h igh concentrations than in those with low 

concentrat ions.  However, in  general CT concentrat ion decreases throughout the 

summer months (Roberts et al. , 1 993) .  

1 .2 EFFECT OF CONDENSED T ANNINS IN  LOTUS CORNICULATUS UPON 

NUTRIENT UILlSATION 

1 .2 .1  Chemical properties 

Tannins and l ign ins are synthesised in the p lant by the same shiki mic acid 

biochemical pathway (F ig . 1 . 1 ) (Swain ,  1 979) . Two groups of tannins have been 

classif ied according to their structural types , the hydro lysable tannins (HT) and the 

condensed tannins (CT) or  proanthocyanidins ( PA) (McLeod , 1 974) . 
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Figure 1 . 1 .  Biosynthetic orig ins of hyd rolysab le and co ndensed tan n ins, and l ign in,  
in  plants (Swain, 1 979) . 

Condensed tann ins structurally can be regarded as being formed by the 

condensation of f lavan-3-01-un its (catech in, epicatech in, gal locatechi ns and 

epigal locatechin) to form d imers and h igher o l igomers, wh ich mainly contain 4-8 

l i nkages (Swain, 1 979). Foo et al. ( 1 996) reported an average molecular mass of 

the CT from L. corniculatus i n  the range 1 800-2 1 00 and a predom inance of 

epicatechin un its (67%) i n  the procyanid in-type po lymer. In contrast, the average 

molecular mass of the CT from L. pedunculatus was 2200, with the polymer being 

of the p rodelph in id in type, with epigal locatech in (64%) as the major extender un it 
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(Foo et al. , 1 997) . Hence, L. pedunculatus and L. corniculatus CT d iffer 

considerably  i n  the i r  chemical structu re ,  and , hence, are l ike ly to differ in their 

physio logical properties and in their effect on protein d igestion in ruminants fed 

fresh forages (Foo et al. , 1 997) .  

The reactivity o f  CT with proteins is  based in two mechanisms,  hydrogen (H) 

bonding, which is  reversible, and oxidative coupl ing ,  which i s  not reversib le 

(McLeod, 1 974; Swain ,  1 979) .  Most of the positive effects of CT in  rum inant 

nutrition are associated with its great affi n ity for leaf protein  (Jones and Mangan , 

1 977) . 

The stab i l ity of the CT -protei n  com plex is  pH dependant (Jones and Mangan 

1 977) . Condensed tannins in the near neutral pH range form CT -protein 

complexes, which are stable and i nsol uble at rumen pH (6 .5-7.0) . However, the 

prote in-CT complex is unstable and releases protein  in  the abomasum (pH 2 .5-

3 .0) ,  which is then avai lable for d igestion in the smal l  i ntestine (pH 8 .0-9.0) 

(Mangan, 1 988) . 

The tann in-protein complex is  revers ib le by polyethylene g lyco l (PEG) i n  the range 

between 200 and 6 ,000 molecu lar weight (MW) ,  at a pH range of 2 .0-8.5 (Jones, 

1 965) . Polyethylene g lycol forms i nsoluble complexes with tann ins through 

hydrogen bonding between pheno l ic hydroxyl g roups in  the CT (or other tann in 

moiety) and ether oxygen atoms i n  the polyethylene g lycol chain (Jones, 1 965) . 

Jones and Mangan ( 1 977) stated that the protein is released from the protein­

tannin complex d ue to an exchange reaction with PEG, which in turn reacts with 
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CT to form an insoluble complex. However, protein  release from the protein-tann in  

complex is negatively correlated with the amount of tann in  i n  the  comp lex and the 

age of the complex pr ior to addition of PEG.  

1 .2.2 Condensed tannins, location and concentration 

Condensed tann ins are present in the vacuoles of some p lants , includ ing 

temperate pastu re legumes (Swain ,  1 979;  Foo et al. , 1 982 ; Barry,  1 989) . 

Table 1 .3. I nf luence of season and low and h igh soi l  fert i l ity on condensed tann in  
concentrations (% of OM) i n  cu ltivars of Lotus corniculatus L .  and Lotus 
pedunculatus (Grasslands Maku) .  

Lotus corniculatus 
El Boyero 
Empire 
Granger 
Maitland 
Winnar 
Lotus pedunculatus 
Maku 

.:. Adapted from Lowther et al. ( 1 987). 

Summer 

Low High 

3.04 
0.56 
3.89 
2.71 
0.57 

8.61 

3 .06 
0 .39 
2.87 
2.62 
0.35 

8.42 

Season 

Autum n 

Low H igh 

1 .96 1 .4 1  
0.34 0 . 1 3  
2.52 2.09 
2 . 1 9  1 . 1 6  
0 .30 0. 1 4  

6 .80 5.80 

The data in Tab le 1 .3 ind icates that, except for cv. El Boyero , g rowing BFT under 

conditions of low, compared with high, soi l fert i l ity, resu lted i n  a moderate i ncrease 

in CT concentrat ion.  A reduction of CT concentrat ion among cu ltivars and species 

was found in the autumn period compared to summer (Roberts et al. , 1 993) .  

Consistent d ifferences i n  CT concentration between d ifferent cu lt ivars of L. 

corniculatus are apparent. 
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1 .2 .3  Condensed tannins and voluntary feed i ntake 

Voluntary feed i ntake (VFI )  is determined by the relat ionship between  the animal , 

feeding environment and properties of the feed (Mertens ,  1 994) . 

Table 1 .4. Effect of CT concentrat ion on  the voluntary feed i ntake i n  sheep fed 
Lotus sp. Effects were deduced from comparing sheep fed each 
species with and without PEG supplementation .  

Species CT concentration Effect on VFI Reference 
g/kg/OM 

L. pedunculatus 63- 1 06 - 27 % 8arry and Duncan ( 1 984). 

L. pedunculatus 55 - 1 2% Waghorn et al. ( 1 994) . 

L. corniculatus 32-57 Slightly increased Douglas et al. ( 1 995) . 

L. corniculatus 50 Modified by feed Douglas et al. ( 1 999). 
allowance 

L. corniculatus 44.5 Ne Wang et al. ( 1 996a) . 

L. corniculatus 34 Ne Wang et al. ( 1 996b) . 

L. corniculatus 28 Ne Min et al. ( 1 998) . 

L. corniculatus 24 Ne Barry et al. ( 1 999). 

L. corniculatus 24 Ne Luque et al. (2000) . 

L. corniculatus 22 Ne Waghorn et al. ( 1 987). 

L. corniculatus 1 7.6 I ncreased Min et al. (200 1 ) .  

L .  corniculatus 1 7  Ne Min et al. (1 999). 

.:. Ne;  no change. 

Stud ies conducted in New Zealand with Lotus sp. (Table 1 .4)  suggest that levels of 

CT less than 40 g/kg OM in L. corniculatus do not depress VFI  of sheep. I n  

contrast, higher levels of C T  in L .  pedunculatus (60- 1 00 g/kg O M )  reduce VFI .  

Th is detr imental effect of CT on VFI i s  closely associated with the high intake of 

free CT, which is related to the total CT content (Barry and Forss, 1 983). 
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1 .2.4 Condensed tannins and rumen d igestion of protei n 

The concentration and type of CT i n  the d iet both i nf l uence the positive effects of 

CT on rumen prote in d igestion (McLeod, 1 974 ; Reid et al. , 1 974) .  

� : : f 
E 1 ·2 
z 
'" § 1 · 1  

� 1 .0 t---J.--'---L-_-'----I.��--'---'------=----'--...L.----''---.J 
o 20 · 40 60 ao 1 00 1 20 � /' 

i o·g m � Herbage condensed tannin concentration Ig/kg dry matter) 

g o·a Y 
o 

0·7 

0·6 

• 
o 

Figure 1 .2. Duodenal non-ammonia nitrogen (NAN) f low per un it total n it rogen 
i ntake as a function of herbage condensed tann in  concentration i n  

sheep fed o n  Lotus species. (0) H igh- and (e) low-tann in  Lotus 
pedunculatus. (6) ,  high- and (�) low-tann in  Lotus co rniculatus. 
Results are compared with the non-tann in  contain ing herbages;  ( ..J ) , 
short rotation ryegrass, (0) perennial ryegrass , and (_) white clover. 
All resu lts are for an N intake of 28 g/d and refer to f resh forages.  
Adapted from Barry and McNabb ( 1 999) .  

I n  f resh Lotus species, duodenal non-ammonia N (NAN)  f low per  un it total N i ntake 

i ncreases l i nearly with increasing d ietary reactive CT i n  the range 0 - 1 1 0  g/kg D M  

(F ig .  1 .2) (Barry and McNabb,  1 999) . Duodenal NAN flow i s  equ ivalent to total N 

i ntake at a CT concentrat ion of approximately 40 g/kg DM (Barry and McNabb ,  

1 999) . 
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Consequently, CT reduce both the loss of N as ammonia (NH3) absorbed from the 

rumen,  estimated as 20-35% of N i ntake, which occurs in ruminant feeding 

systems with fresh forages (20-25% CP) (Waghorn and Barry, 1 987) and an extra 

energy cost of 1 2  kcal/g of excess NH3 detoxified in the l iver (Van Soest, 1 994) . 

1 .2.5 Condensed tannins and amino acid absorption from the small 

i ntestine 

Feed ing experiments with sheep (Waghorn et al. , 1 987, 1 994) have shown that CT 

in L. corniculatus and L. pedunculatus exert d iffering effects upon the d igest ion 

and absorption of amino acids (Table 1 .5) .  

Table 1 .5. The effect of condensed tann ins in sheep fed f resh Lotus corniculatus 
(L. c; 22 g/kg OM) and Lotus pedunculatus (L. p; 55 g/kg OM) upon the 
d igestion of ami no acids. Effects of CT were assessed through 
i ntrarum inal  infusion of polyethylene glycol (PEG, MW 3500) i nto half 
the animals fed each forage. 

Essential' Non-essential' 

L. e L p L. c L. p 

CT- PEG CT- PEG CT- PEG CT- P EG 
acting acting acting acting 

Amino acids intake (g/d) 98.9 98.9 9 1 .6 1 03 .5  97.9 97.9 87.6 98.9 

Abomasal flow (g/d) 84.6 55.5 1 06.8 93.7 68.5 60.0 84.3 77.7 

Proportion of intake 0.86 0.56 1 . 1 7  0 .91 0 .70 0.61 0.96 0.79 

Apparent loss in the rumen (g/d) 1 4.3 43.4 -1 5.2 9.8 29.4 37.9 3 .3  21 .2 

Proportion of intake loss in  the 0. 1 4  0.44 -0. 1 7  0.09 0.30 0.39 0.04 0.21 
rumen 

Apparent absorption from small 58.8 36.2 71 .0 73 .5 37.4 41 .3 50.8 57.2 
intestine 

Proportion abomasal flow 0.70 0.65 0 .66 0.78 0.55 0.69 0.60 0.74 

Proportion of intake 0.59 0.37 0 .78 0 .71  0.38 0.42 0 .58 0 .58 

, Essential : Histidine, Isoleucine, Leucine, Lysine, Phenylalanine, Threonine, Tyrosine (phenylalanine as a 
only source), Valine. Argin ine values are excluded from this comparison . 

• Non-essential : Alanine, Asparagine, Glutamate,Glycine,Proline, Serine. 

Adapted from Barry and Blaney ( 1 987), Waghorn et al. ( 1 987) and Waghorn et al. ( 1 994) . 
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Condensed tannins in L. corniculatus i ncreased both the f lux of EAA (52%) and 

non-essential amino acids (NEAA) ( 1 4%) through the abomasum.  A s im i lar trend 

was observed in Lotus pedunculatus, but the magnitude of the response was lower 

than i n  BFT, 1 4% for essential amino acids (EAA) and 8% for N EM. Rumen 

fermentation in  CT-act ing sheep fed 8FT resu lted i n  a smal ler loss of  EAA ( 1 4% of  

i ntake) than i n  NEEA (30% of i ntake) .  However, when PEG was given, a net loss 

of both EM and NEAA (44% and 39% of i ntake respectively) was shown from the 

rumen.  

I n  contrast , in  CT-acting sheep fed L. pedunculatus there was a net gain of EAA 

( 1 7% of intake) and a small loss of NEM (4% of i ntake) across the rumen ,  but 

when PEG was given there was a lower net loss of both EM and N EAA than in 

8FT.  Add itional ly, the apparent absorption (proportional abomasal f low) in  BFT of 

EAA was not d ifferent for the CT acting and P EG sheep , but it was affected for 

N EM. However, CT depressed the apparent absorption of both EAA and N EM in 

sheep fed L. pedunculatus. 

The effects of tann in treatment on i ncreasing the apparent absorption (proport ion 

of intake) of EAA in the small intesti ne was h igher for sheep fed 8FT (59%) than in 

L. pedunculatus ( 1 0%) . In  contrast, CT reduced the apparent absorption of N EAA 

by 1 0% of intake for sheep fed 8FT, but was without effect for sheep fed L .  

pedunculatus. 
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CHAPTER ONE 

The effects of CT upon fibre digestio n  have been examined with sheep fed Lotus 

species by comparisons of duodenal f lows and rum i nal and post-rum inal d igestion. 

Apparent d igest ib i l ity and rumen digestion of p lant fibre (ce l lu lose, hemicel lu lose 

and l ign in)  are inversely related to the CT content (Table 1 .6) (Barry and Manley, 

1 984; Barry et al. , 1 986a) . 

Table 1 .6. Digestion of structural carbohydrates (cel lu lose, hemice l lu lose) and 
readi ly fermentable carbohydrates (so luble CHO + pectin) in  sheep fed 
Lotus pedunculatus differing in total condensed tannin content and 
free condensed tannins due to appl ications of h ig h  ( 1 ) ,  low (2) and 
zero (3) rates of polyethylene glycol (PEG; MW 3350) .  Together with 
effect of h igh (4) and low (5) soil ferti l ity levels on condensed tannin 
concentration. Apparent d igestib i l ity, rumen d igest ion and post-ruminal 
digestion are expressed as proportions of feed i ntake . 

Total CT (g/kg OM) 

Free CT (g/kg OM) 

Structural carbohydrates 

Cellulose 

Apparent d igestibi l ity 

Rumen d igestion 

Post-ruminal digestion 

Hemicellulose 

Apparent digestibility 

Rumen d igestion 

Post-rum inal d igestion 

Readily fermentable 
carbohydrates 

Apparent d igestibility 

Rumen d igestion 

Post-ruminal diQestion 

1 4  

0.74 

0.73 

0.01 

0.72 

0.61 

0 . 1 1 

0.98 

0.83 

0 . 1 5 

BarIY et al. (1 986b) 

45 

0.75 

0.72 

0.03 

0.66 

0.52 

0. 1 4  

0.98 

0.77 

0.21 

95 

0.75 

0.69 

0.06 

0.72 

0.49 

0.23 

0.97 

0.89 

0.08 

BarIY and Manley 
(1 984) 

46 

0 .78 

0.69 

0.09 

0.73 

0.44 

0.28 

0.95 

0 .80 

0 . 1 5 

1 06 

0 .63 

0 .53 

0. 1 0  

0.56 

0 .21  

0.35 

0.93 

0.78 

0 . 1 6  

25 



CHAPTER ONE 

Values of CT up to 22 g/kg OM in BFT appear to have no effect upon rumen f ibre 

d igestion (Barry, 1 989) . I n  contrast, CT concentration in the range 46 to 1 06 g/kg 

OM in  L. pedunculatus markedly depressed rumen hem icel l u lose d igestion and 

s l ightly depressed rumen cel lu lose digest ion .  Effects on apparent d igest ib i l ity of 

these were lower, due to i ncreases in post-ruminal d igestion in sheep fed the 

h igher CT L. pedunculatus (Barry et al. , 1 986b) .  

Beno it and Starkey (1 968) and Barry and O uncan ( 1 984) stated that the rumen 

decomposit ion of compounds of large molecu lar weight, such as cel l u lose and 

hemice l lu lose can be reduced due to the action of free ( i .e .  unbound) tann in ,  which 

inactives both microbial and d igestive enzymes i n  the i n itial hydro lysis of the 

carbohyd rates . 

Rumen digestion of readi ly fermentable carbohydrates (RFC) , def ined as water­

soluble carbohydrates (WSC) and pect in ,  is on ly very sl ightly depressed by CT up 

to a concentrat ion of  1 06 g/kg OM,  even though RFC are almost completely 

digested in the whole digestive tract (Barry and Manley, 1 984; Barry et al. , 1 986b). 

1 .2.7 Condensed tannins and hormonal response 

Endocrine concentrations in sheep fed L. pedunculatus have shown that d iets with 

the lowest value of CT have the h ighest p lasma concentrat ion of both 3 ,5 ,3' -tri­

iodothyronine (T3) and free T3 (Barry et al. , 1 986a) (Table 1 .7) . 
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Table 1 .7. Condensed tann in  effect on p lasma hormone concentration in sheep 
fed Lotus pedunculatus differing i n  total condensed tann in  content 
(TCT) due to appl ications of high ( 1 ) ,  l ow (2) and zero (3) rates of 
polyethylene glycol (PEG; MW 3350). 

Tcr TCT* TCT* 

1 4  g/kg DM 45 g/kgl DM 95 g/kgl DM 

Growth hormone (GH)  (JiQI I) 2.3 2.8 4.8 

Total 3,5,3' -tri- iodothyronine (T 3) (nmoll I) 1 .57 1 .29 1 . 1 6  

Free T 3 (relative un its) 1 .52 1 .43 1 . 1 2  

I nsul in- l ike g rowth factor ( IGFI) (Ji91 I) 45.5 38.7 47.5 

I nsul in- like growth factor ( IGFI I )  (Jigl I) 1 056.3 1 286.7 987.0 

I nsulin (mUI I) 22.4 22.4 20.0 

Glucagon {ngl Q 239. 1  94.5 1 52.4 

... Diets contained 2,  5 and 1 5  g/kg DM of free CT. 

Adapted from Barry et al. (1 986a) . 

I n  contrast, Barry et al. ( 1 986a) found that a positive and l i nearly re lationship 

existed between p lasma growth hormone concentrat ion (J19/I) and CT 

concentrat ion (g/kg OM) i n  sheep fed L. pedunculatus, but there was no other 

effect on p lasma concentrat ion of the other hormones measured. Effects of dai ly 

ovine GH hormone may be related to a reaction of free CT in i nactivating gut-wal l 

proteins by H bonding Barry et al. ( 1 986a) . P revious research with sheep (Oavis et 

al. , 1 970a, 1 970b and Muir et al. , 1 983) has shown dai ly GH hormone i njections to 

be related to i ncreased levels of p lasma g lucose , insu l i n  and N gain.  

Accord ing to Mu i r  et al. ( 1 983) GH has an immediate ,  short-term insu l in- l ike effect 

on adipose t issue producing adipose t issue refractoriness to the insu l i n- l ike g rowth 

factor, which is fol lowed by an extended,  l ipolytic response when GH is chronical ly 

i ncreased. 
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CHAPTER ONE 

Feeding value (FV) is def ined as the an imal product ion response to the herbage 

consumed by the ruminant u nder unrestricted graz ing condit ions (U lyatt, 1 973) . FV 

is  typ ical ly measured as l iveweight gain per day i n  g rowing an imals and as the m i l k  

y ie ld per day in lactating animals. The  components of FV are voluntary feed i ntake 

(VFI )  and nutritive value/un it OM eaten ;  the latter can fu rther be subd ivided into the 

d igestive process and the ut i l isation of absorbed nutrients. I n  a comparison of non­

CT -contain ing herbages, U lyatt ( 1 973) concluded that the FV of legumes was 

greater than that of grasses and that approximately half of the d ifferences in FV 

between herbages were due to d ifferences in VFI .  

1 .3.1  Wool growth and body growth 

Wool growth is dependent upon the absorption of EAA f rom the smal l  i ntesti ne and 

the avai lab i l ity of su lphur-containing amino acids (SAA) (Reis,  1 979) .  However, 

marginal protein deficiency exists when ruminants are fed on fresh temperate 

forages due to high degradation rates of forage proteins in the rumen .  

Consequently, there i s  a large absorption o f  NH3 from the  rumen , leaving 

absorption of  SAA from the small i ntestine that is below animal requ i rements for 

these amino acids (AA) (Barry, 1 982) . 

CT in L. pedunculatus (McNabb et al. , 1 993) and i n  L. corniculatus (Wang et al. , 

1 994) reduced the degradation of SAA to i norganic su lphide i n  the rumen ,  

i ncreased the rate of transu lphuration o f  methion ine to  cyst ine i n  the  body as wel l  

as cystine f lux to body synthetic reactions. 
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Table 1 .8.  Wool production and l iveweight gain (LWG) of sheep grazing Lotus sp. , 
l ucerne ( Medicago sativa) , sul la ( Hedysarum coronarium) and pasture 
(Lolium perennelTrifolium repens) with or without polyethylene g lycol 
(PEG) supplementat ion. 

Plant fed 

Lotus Lotus Lucerne Sulla Pasture 
corniculatus e.edunculatus 

Reference CT- PEG CT- PEG CT- PEG CT- PEG CT- PEG 
acting acting acting acting acting 

Wool growth 

T errill et al. 1 992 l l i  1 05 1 1 5  97 

Terrill et al. 1 992 801 83 74 77 

Robertson et al. 0.7 1 1 N O  0.57 N O  0.71 NO 0.80 NO 0.69 NO 
1 995 

Douglas et al. 1 995 1 33 1 
N O  1 23 N O  

Douglas e t  al. 1 999 1 461 N O  1 35 N O  

Barry, 1 985 8.52 9.5 

Barry, 1 985 7.82 8.9 7 . 1  8.7 

Wang et al. 1 996b 1 2. 1 2 1 0.9 1 0.8 1 0.2 

Clean fleece weight (kg) 

Douglas et al., 1 995 2.78 NO 2.25 NO 

Min et al. 1 998 2.53 2.28 

Douglas et al. 1 999 1 .63 1 .62 1 .45 1 .53 

Min et al. 1 999 1 .35 1 .31 1 .09 1 . 1 4  

Luque et al. 2000 1 .69 1 .73 1 .54 N O  

Min e t  al. 2001 1 .7 1  1 .61 1 .4 1  N O  

LWG (g/day) 

Barry, 1 985 1 253 1 66 

T errill et al. 1 992 2334 278 1 75 1 36 

T errill et al. 1 992 1 944 222 1 69 209 

Wang et al. 1 996b 2034 1 88 1 85 1 78 

Douglas et al. 1 995 2754 N O  263 N O  

Douglas et al. 1 995 2284 NO 1 83 N O  

Douglas et al. 1 999 2 1 54 207 227 236 

Robertson et al. 2084 NO 232 N O  243 N O  226 N O  1 66 N O  
1 995 

. :. 1 = mg/ 1 00 cm2 per day; 2 = g/day; 3 = drenched ewes; 4 = drenched lambs . 

. :. NO;  not determ ined . 

A review of many year's data (Table 1 .8) showed that wool growth rate and clean 

f leece weight of sheep grazing pure stands of 8FT was equal to or h igher than on 
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other temperate legumes or perenn ial/wh ite clover pasture. PEG supplementat ion 

ind icated that eT in 8FT i ncreased wool production by up to 1 1  %.  Th is  was 

ach ieved with no increase in VFI and cou ld be explained by a possib le i ncrease i n  

E M  absorption (especia l ly SAA) caused b y  the action of eT. 

Add itional ly ,  the data in Table 1 .8 shows that, re lative to perennial ryegrass ,  L. 

pedunculatus, l ucerne and su l la, l iveweight gain of sheep was h igher when graz ing 

8 FT, with the d ifferences averaging + 35%, 28%, 5% and 4% respectively. 

However, there was no evidence to support eT making a positive contribut ion to 

th is effect, as judged by response to PEG supplementation . 

1 .3.2 Milk yield and composition 

The yield and efficiency of m i lk and mi lk protein  p roduction i n  cows fed on  fresh 

forage d iets of high protein content and d igestib i l ity are l im ited by the amount of 

AA absorbed from the smal l  intest ine relative to energy (Rogers et al. , 1 980) . 

Penning et al. ( 1 988) fou nd that when ewes were fed on fresh ryegrass in  weeks 

two to seven of lactation ,  dai ly m i lk  yield, mi lk  protein  concentration and lamb 

growth rates were i ncreased as a result of feeding supplementary p rote in  of low 

rumen degradabi l ity , with no effect on l ive weight or body condit ion of the 

supplemented ewes. Th is conf i rmed that avai lab i l ity of EM also l im ited mi lk  

production in  lactat ing ewes fed h igh qual ity fresh forage. 

A study conducted by Wang et al. ( 1 996a) showed that eT in 8FT reduced the 

potential rumen degradab i l ity of the p rotein  of lactating ewes rearing two lambs 

and i ncreased m ilk yield and the secretion rates of protei n  and lactose without 

30 



CHAPTER ONE 

affecting VF I .  I n  this experiment, control ewes (CT -acting) and P EG-supplemented 

(CT-not acting) ewes had no d ifferences i n  mi lk  y ie ld at peak lactation. However, 

as lactation progressed the PEG group produced 21 % less m i lk than CT-acting 

ewes (Fig. 1 .3 ) .  
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Figure 1 .3 .  Mi lk production (g/h) (a) and yields (g/h) of (b) protein ,  (c) lactose, and 
(d) fat in the m i lk  of twin lactating ewes grazing Lotus co rniculatus. 
Contro l ewes (.A.) ;  ewes g iven twice-daily oral supplementation of 
polyethylene glycol (PEG ;  MW 3500) (0). Means are for 1 4  ewes per 
treatment. Vertical bars represent S .E .S .  (Wang et al. ,  1 996a) . 

M i lk  protei n ,  lactose and fat yields (g/h) decreased through the lactation period . 

However, CT-acting ewes produced more m i lk protein  ( 1 4%) and lactose ( 1 2%) , 

and had a lower fat concentration i n  thei r m i lk than the comparable PEG 

supplemented ewes from mid to late lactation .  However, there were no differences 
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in total fat secret ion (g/h) between CT-acting and PEG groups in the whole grazing 

trial . 

1 .3.3 Reproductive performance 

Reproductive performance is dependant on the food avai labi l ity and qual ity of the 

food ingested (Sm ith, 1 991 ) .  Ovu lation rate (OR) can be i ncreased when grazing 

sheep increase i ntakes of both energy and protein  (Smith, 1 985) .  Experimental 

d ietary protein manipu lation conducted by Cru ickshank et al. ( 1 988) showed that 

mu lt ip le ovu lations were increased by 1 8% when ewes were supplemented with 

abomasal i nfusions of soy protein isolate and lactalbumin  from days 8 to 1 7  of 4 

successive oestrous cycles. 

Table 1 .9. Effect of grazing ewes on Lotus corniculatus L.  or  perenn ial 
ryegrass/white clover pasture (Lolium perenne/Trifolium repens) , with 
or without supplementation with po lyethylene g lyco l  (PEG;  MW 
3500) , on ovu lation rate (corpora l utea/ewe mated) ,  lambing ( lambs 
born/ewe mated) and l iveweight gain (LWG) .  Mean l iveweight (LW) 
at the start of Experiments 1 ,  2 and 3 were respectively 54 .2 ,  59.8 
and 53.2 kg. 

Experiment 1 

Experiment 2 

Experiment 3 

Experiment 1 

Experiment 3 

Experiment 1 

Experiment 2 

Experiment 3 

NO: not determined .  

Lotus corniculatus Pasture 

CT-acting PEG CT-acting 

Ovulation rate at third c�cle 

1 .78 1 .56 1 .33 

1 .77 1 .87 1 .65 

1 .79 1 .58 1 .48 

Lambing 

1 .70 1 .42 1 .36 

1 .69 1 .39 1 .22 

LWG !g/da�l during mating 

40.3 33.8 1 8.6 

-25.0 -20.0 -1 2.0 

22.3 1 6.3 43.2 

PEG Reference 

1 .35 Min et al. ( 1 999) 

NO Luque et al. (2000) 

N O  Min et al. (2001 ) 

1 .36 

NO 

4.5 

NO 

NO 
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Recent experiments (Table 1 .9) compared the reproductive efficiency of ewes 

mated whi lst grazing BFT or perennial ryegrass/white clover. Resu lts from these 

stud ies have shown that relative to pasture ,  in  Experiments 1 and 3 grazing BFT 

( 1 8 9 CT/kg OM)  i ncreased both OR and lambing by 27% and 20% respectively 

without affecting VFI ,  with approx 50% of the response being due to action of CT . 

However, the i ncrease in O R  ( 1 0%) during the second experiment could not be 

exp lained by the action of CT in  BFT (24 g CT/kg OM) , as deduced from 

responses to PEG supplementation .  The greatest responses in O R  and lambing 

percentage from grazing BFT during mating , with the greatest contribution from 

CT, were i n  l ig hter ewes that gained l ive weight during mating (Experiments 1 and 

3) and lowest responses were obtained i n  heavier ewes that lost smal l  amounts of 

l ive weight during mating (Experiment 2) . 

Col lectively, the data show that grazing on BFT i ncreased wool growth ,  m i lk  

secretion and ovulation rate ,  with a com ponent due to  action of  CT that does not 

i nvolve any change in VFI .  It would therefore seem that the CT in BFT may have 

i ncreased FV through increasing nutritive value/OM eaten without affecting VFI ,  

due to improving the efficiency of both the digestive process (for p rotein) and the 

efficiency with which absorbed AA are uti l ised, or other mechan isms not yet 

understood . 

1 .4 INTERNAL PARASITES AND DAG FORMATION IN SHEEP 

1 .4.1 Gastro-intestinal nematodes 

After more than 1 80 years since the i ntroduction of sheep in New Zealand from 

Australia and England (Vlassof and Mckenna, 1 994) , cl in ical d iseases and stock 

33 



CHAPTER ONE 

losses associated with detrimental effects of gastro intest inal nematode parasites 

( roundworms) , such as Trichostrongylus axei, Haemonchus contortus, Ostertagia 

spp. , i n  the abomasum and Cooperia spp., Nematodirus spp. , Trichostrongylus 

spp., i n  the smal l i ntestine ,  continue to be a l im iting factor for sheep pastoral 

systems (Vlassof and Mckenna, 1 994; Vlassof, et al. , 2001 ) .  

Nematode l ife cycles are close ly synchron ized with the breeding cycle of the i r  

hosts (Vlassoff, 1 982) and depend on the comb ination of  their  ecological 

requ i rements for survival and development outs ide the host (Fam i lton and 

McAnu lty, 1 995) ,  such as the prevai l i ng condit ions of moisture and temperatu re 

g rad ients , and the physical condit ions of the pasture (Georg i ,  1 985) . However, 

each component has many features that inf luence the type,  ep idemiology and 

severity of the infection (Brunsdon,  1 982).  

The typical l ife cycle of nematodes i nfecting sheep takes six weeks or more and 

comprises the egg and four  larval stages (Charleston,  1 982;  Vlassoff , 1 982) .  

G iven adequate cond itions, moru late eggs pass out in  the faeces ,  the L1 stage 

larva develops in the egg, emerges, grows on pastu re and mou lts to the L2 stage 

and to the non-feed ing infective L3 stage,  which is both more res istant to adverse 

conditions (Vlassof, et al. , 2001 ) and eaten by the su itable host (Charleston ,  1 982;  

Georgi ,  1 985) . I n  contrast, the development of the L3 stage in Nematodirus species 

occurs in  the egg (Charleston ,  1 982) . 

The patho logical processes, wh ich comprise losses of plasma and epithel ia l  ce l ls  

with i ncreased mucus production (Sykes and Coop,  2001 ) take place i n  the 
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abomasum,  in the gastric glands of the fundic reg ion and in the mucosal crypts of 

the smal l  intest ine, when two further mou lts are co mpleted (Sykes and Poppi ,  

1 982) . The females once mated lay eggs and then the l ife cycle is completed 

(Charleston, 1 982) . 

1 .4.2 Larval and infection dyna mics 

The seasonal pattern of larval avai lab i l ity on pasture i ncreases exponent ia l ly and is 

the resu lt of the inte raction between faecal egg output of lambs, weather and 

fu rther contamination of the pasture (Brunsdon,  1 98 1 ) .  A diagrammatic 

representat ion of this seasonal ity over a 1 O-year period is i l l ustrated in  F igure 1 .4.  
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Fig ure 1 .4. Representation of seasonal contami nation by nematode egg output of 
un-drenched ewes and lambs, and the pattern of larval avai labi l ity on 
the pasture (Brunsdon, 1 981 ) .  
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I n  spring ,  as a consequence of the stress imposed by sub-optimal feed intake over 

the winter, pregnancy and lambing status ,  the immune abi l ity i s  d isrupted resu lt ing 

in  a large i ncrease i n  the output of nematode eggs i n  the faeces of the breed ing 

ewe (post-partum rise, P PR) (Vlassof and McKenna, 1 994;  Vlassof ,  et al. , 2001 ) .  

This spr ing rise i n  faecal egg count (FEC) ensures that infective larvae stages wi l l  

be  avai lable in  large numbers on  the pastu re to develop infect ion in  a graz ing f lock 

(Georg i ,  1 985) . 

Such pastures become re-contaminated in spri ng when i nfective larvae develop to 

the fi rst generation of roundworms in the host, which accumulate in  g rowing 

animals in summer (Vlassoff, 1 982) . Nematode reproductive activity in lambs 

during late summer and early autumn is fol lowed by a peak of i nfective larvae on 

pasture duri ng autum n ,  which produces the second generation of nematode 

i nfection in lambs and more pathogenic effects in  growing lambs than i n  mature 

animals du ring autumn and winter (Georg i ,  1 985) . Nematodes over-winter both as 

infective-stage larvae on pasture and inh ibited larvae i n  the lactat ing ewe are the 

source of infection for ewes and lambs in the fol lowing spring (Vlassoff , 1 982) . 

Consequently, the pattern of L3 stage on sheep pastu res i n  New Zealand reaches 

the highest level in autumn and is  related with the pattern of the succession of 

species in the host (Vlassoff , 1 982 ; Vlassoff et al. 2001 ) but does not necessari ly 

match changes i n  both (Beckett, 1 993) . However, danger periods are present 

du ring the whole year when t imes of nutritional stress suppress immun ity i n  any 

class of stock (Ross , 1 982) . 
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Field studies reviewed by Vlassoff ( 1 982) and Vlassof and McKenna ( 1 994) 

showed that, even though larvae of the genera Cooperia, Ostertagia and 

Trichostrongylus are common for a l l  areas, species of Haemonchus are more 

prevalent i n  the North than in  the South Is land, due to west -east moisture and 

north-south temperature grad ients (Fami lton and McAnulty, 1 995) . Conve rsely, 

Nematodirus genera distribution is more prevalent in the So uth Is land (Vlassoff 

1 982; Vlassof and McKenna, 1 994) . 

Studies conducted by Beckett ( 1 993) found that over a period of 1 5  months 

differential pasture larval counts on the East Coast of the North Is land showed a 

specific seasonal peak d istribution in which Trichostrongylus i n  July,  Nematodirus 

i n  February,  Ostertagia in March and Haemonchus genera in Apri l-May were 

predomi nant. Add itional ly, from these stud ies, the mean percentage composition 

of larval species in  pooled faecal cu ltu res noted that the proportion of Ostertagia 

spp. decl ined i n  the autumn and Trichostrongylus spp. rose fro m summer to Ju ly. 

Cha vertia, Cooperia and Oesophagostonum spp. were present in  low proportions 

and tended to rise ove r the wi nter months. Haemonchus spp. larvae peaked in 

May. 

Further, Vlassof and McKenna (1 994) found that worm nu mbers in young sheep 

are dominated in late spring by Nematodirus spp. whi lst Strongyloides, Ostertagia 

spp. , H. contortus and smal l  intest ine Trichostrongylus spp. are prevalent du ring 

late summer/autumn,  and Cooperia spp. and T. axei are abundant in  autu mn and 

wi nter. 
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1 .4.3 Methods for measuring parasites 

C HAPTER ONE 

The use of paras itology tests, such as faecal egg count ,  larval ident if ication from 

larval cu ltures and gastro intestinal worm cou nting, for the detection of nematode 

parasites of veteri nary importance in natu ral ly infected sheep have been used 

widely (Min istry of Agricu ltu re, Fisheries and Food , 1 986) .  

Eggs counted by  f loating them on  a variety of so lut ions can be  very usefu l  i n  

circumstances where animals are not avai lable for post mortem examination ,  

under the assumption that there is a clear re lationship between total worm burdens 

and egg per gram of wet faeces (epg) (McKenna, 1 981 ) .  Infective larvae cu ltu red 

from faeces are identif ied by morphological and morphometric keys (Min istry of 

Agricu lture, F isheries and Food , 1 986) . Post mortem worm cou nts are expensive 

and, even though it provides an accurate assessment of the genera and number of 

worms present i n  each animal ,  several counts wou ld be requ ired to assess the 

parasite status on a sheep flock (McKenna, 1 987) . 

Studies conducted by Larsen et al. ( 1 994) showed that FEC of nematodes in  ewes 

provide a measure of post mortem worm counts .  I n  contrast, resu lts from McKenna 

(1 981 ) showed that, although for sheep beyond 1 2  months of age the correlat ion 

of strongyle eggs cou nts (Nematodirus excl uded) and worm cou nts was low (r = 

0.23) ,  there was a reasonable corre lat ion ( r  = 0.74) for a s imi lar association when 

1 90 separate lambs were studied. However, when egg cou nts f rom ewes and 

lambs were corre lated with a total pathogenic index (T.P . I . ) the association was 

almost good (r = 0.69) for both groups of animals. Consequent ly,  a potential 
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diagnosis between sheep's FEC and its re l iabi l ity i n  provid ing a strongyle worm 

cou nt p rof i le in young sheep f lock cou ld be assumed (McKenna, 1 987) when at 

least 1 0  to 1 5  egg counts on randomly selected samples are taken (McKenna and 

S impson ,  1 987) . 

However, these data are consistent with the view that there are i nherent b iolog ical 

problems with FEC as an i ndividual i ndicator for the quantitative assessment of the 

i ntensity of the i nfection (Anderson and Schad ,  1 985; Keymer and H iorns,  1 986 ; 

M in istry of Agriculture ,  Fisheries and Food , 1 986;  Cabaret et al. , 1 998) . 

More recently, B ishop and Stear (2000)  point out that both techniques are 

frequently only estimates of the true values because for parasites i nfecting sheep 

such as Teladorsagia circumcincta i n  the UK there is  a convex relat ionship 

between worm burden and egg product ion ,  which suggests that between the 

number of nematodes with in a host and thei r  mean fecund ity exists a strong 

density-dependant re lationsh ip in  regu lat ing the size of parasite popu lations. 

Add it ional ly, Keymer and H iorns ( 1 986) stated that through post mortem 

examinations, no i nformation on the dynamics of mating can be obtained . 

Consequently, i n  nematodes for which copu lation precludes s imu ltaneous egg 

release th is must exert a critical effect on the dynamics of egg production.  Further, 

Keymer and H iorns ( 1 986) re lated that post mortem cou nts do not provide precise 

estimations of worm burdens because losses of parasites in sieving and i n  

col lection f rom the washed residues can occur, but also some worms that were 

exposed to chemotherapeutic agents may d ie and degenerate in situ. 
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1 .4.4 Effect on nutrient metabol ism 

CHAPTER ONE 

The effect of nematode parasites on an imal metabol ism has been widely 

recognised (Morris ,  1 998 ;  Coop and Kyriazakis ,  1 999 ;  Sykes and Coop, 2001 ) .  

These i nclude metabol ic d isturbances such as i mpaired acid secretion  i n  the 

abomasum as wel l  as impaired protein  and energy metabol ism reducing the feed 

conversion efficiency (Steel and Symons, 1 979 ; Sykes and Pappi ,  1 982;  Bown et 

al. , 1 991 ) .  

The resu lt is to  produce a syndrome analogous to u nder-nutrition characterised by 

reduced immunological competence (Stee l and Symons, 1 979) ,  haematopoies is 

(Sykes and Pappi ,  1 982) ,  reduction in  VFI  by up to 20% (Sykes and Coop, 1 976 , 

1 977; Steel et al. , 1 980) , reduced retention and metabol ic f lows of calciu m  and 

phosphorus (Sown et al. , 1 991 ) with reduced skeletal growth and l iveweight gain 

reductions of up to 50% (Sykes and Coop,  1 976) .  Add it ional ly,  wool g rowth is  

impaired u p  to 26% (Steel et al. , 1 980) ,  and alterations of the structural  

characteristics of the wool (Steel and Symons, 1 979) are present as wel l  as 

increased dags (faecal material accumu lating around the anu s  of sheep) and 

flystrike (Waghorn et al. , 1 999) 

In i nterpret ing the metabo l ic distu rbances Coop and Kyriazakis ( 1 999) suggested 

that the interactions between the host and nutrition ,  and pathophysiology induced 

by parasitism must be considered in terms of res i l ience and resistance. Alberts et 

al. ( 1 987) stated that i n  the face of a parasitic chal lenge a reasonable and 

sustained level of productivity can be considered as resi l ience. In  contrast, 
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resistance is a measure of the host's abi l ity to red uce pers istence of a parasite 

populat ion due to restrict ions on its estab l ishment, its matu rity and or its fecu ndity 

(Coop and Kyriazakis ,  1 999). 

1 .4.5 Production losses 

Gastro- intestinal nematodes i n  sheep pastoral g razing systems i n  New Zealand 

are responsib le for a considerable economical loss due to the effects of subcl in ical 

i nfections (Howse et al. , 1 992) .  Brunsdon (1 988) estated that from an est imated 

sheep industry production value of $ 950 mi l l ion at that t ime,  the economic impact 

of nematode parasitism cou ld be estimated i n  losses of 1 6, 1 0 , and 3% i n  woo l ,  

reproduct ive fai l u re and meat production respectively. Add it ional ly, costs of  manual 

dag removal and chemotherapeutic compounds to drench growing animals were 

est imated as 4% of the New Zealand sheep pastoral value .  

Fu rther, Vlassof and McKenna ( 1 994) stated that $29 .3M are spent approximately 

for nematode worm burdens control by farmers to avoid production penalties i n  

the i r  f locks and support sheep product export value  o f  $ 21 93M, Free On Board 

(FOB) . 

1 .4.6 Anthelmintic control 

The aim of al l nematode control programmes is to ach ieve economic production 

compatib le  with parasite populat ions (Vlassof et al. , 200 1 ) by both reducing 

re l iance on chemotherapy and the uptake of L3 stages from pasture (Vlassoff and 

Brunsdon ,  1 981 ; He in ,  et al. , 2001 ; Leathwick et al. , 1 995) .  
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Over the past decades parasite control for adu lt sheep and growing an imals i n  

New Zealand has been achieved under preventive , p rotective and  cu rative 

drenching programmes (Ross, 1 982) . Accord ing to Vlassof and McKe n na ( 1 994) 

and Watson (1 994) the use of broad-spectrum anthelm intics started in the 1 960's 

with the i ntroduction of benzid imazole and levamisole/morantel d rench g roups 

fo l lowed by avermect ins i n  the 1 980s and the m i lbamycin fami ly in  the 1 990's.  

More recently, in  order to mai ntain sheep production  at present l evels ,  new 

chemotherapy options to control nematode parasites with long-act ing activity have 

been released onto the market. These are control led release capsu les (CRCs) , 

contain ing albendazole o r  ivermect in in the shape of intrarum inal  devices,  

re leas ing d rug at constant rate for more than 3 months. Other drenches ,  such as 

moxidecti n  injection (second generation mylbamycin) (Kempthorne et al. , 1 996) 

and closantel assert h igh anthe lm intic effects at the f i rst t ime but decrease in 

logarithmic response the t ime (Leathwick et al. , 200 1 ) .  
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Figure 1 .5.  Faecal egg output (a) and pasture contamination with L3 larvae (b) of 

undrenched ewes and lambs ( . . .  ) and five t imes anthelm intic drenched 

lambs ( - ) grazing perennial  ryegrass/white clover pasture duri ng 

twelve months of the year. (Adapted from Brunsdon,  1 981 ) .  The data 

refers to who le farm ewe and lamb systems,  with the lambs either 

drenched or undrenched . 

Anderson ( 1 990) stated that the epidemiological knowledge of the time 

relationsh ips between contamination o f  pastures and  seasonal avai lab i l ity of 

i nfective larvae i n  d i fferent c l imatic regions has shown that preventive control is the 

best way to control gastro-intestinal parasit ism.  The i nformation is consistent with 

the responses described by Brunsdon ( 1 981 ) and Leathwick et al. ( 1 995) who 

concluded that ideally using a basic f ive-drench p rogramme for lambs and hoggets 

at 21 to 28-day i ntervals commencing at weaning i n  November resulted in far 
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fewer worms contaminati ng pastu re with eggs in summer and virtual ly e l im inated 

the autumn larval peak (Fig. 1 .5) . 

Furthermore, a s imu lat ion model proposed by Leathwick et al. ( 1 995) for m ixed 

i nfections of gastrointestinal nematodes in lambs suggested that the addition of a 

post- lambing ewe drench was more effectivere than an extended drench i ng 

programme for lambs du ri ng the autumn to obtain a reduct ion i n  pasture 

contaminat ion. In  contrast Beckett ( 1 993) stated that the f ive p reventive drench 

programme start ing at wean ing ceases too early for hoggets to prevent the bu i ld 

up  of Haemonchus and Trichostrongylus genera du ri ng late autumn and winter 

respectively on the East Coast of the North Is land in New Zealand.  

Consequently, there is evidence that more i ntensive farmer d renching practices 

looking for fu rther increases i n  productivity are generally possib le  (Fami lton et al. , 

1 995; Sumner et al. , 1 995;  Vlassof et al. , 2001 ) .  Nevertheless, increased incidence 

i n  New Zealand of genetic resistance i n  nematodes to a leve l where treatment 

fai lure occurs in  sheep farms has been reported (Watson,  1 994; Macchi  et al. , 

1 999; Leathwick et al. , 2000 ; Mason et al. , 2001 ; Leathwick et al. , 2001 ; Vickers et 

al. , 2001 ) .  

Therefore , the cost of low leve ls of the non-feed ing i nfect ive L3 on pastu re 

general ly resu lts i n  h igh select ion pressure for resistance (Sangster, 1 999 ;  

Leathwick et al. , 2001 ) .  However, se lection for res istance is not necessari ly 

proportional to the frequency of treatment because not al l  drenches are equ ivalent 

i n  their abi l ity to select for resistance (Leathwick et al. , 200 1 ) .  Furthermore ,  i t  
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seems u nl ikely from New Zealand resu lts that selection for resistance to i nfection 

alone wou ld resu lt in lambs exposed to nematode chal lenge (Le. resistance to the 

effects of infection) in  increased production (B isset et al. , 1 994) .  

Thus, the development of sustainable strategies to current nematode parasite 

control practices is imperative for sheep grazing systems (Wailer, 1 992) .  There is 

also the need to meet the i ncreasing market-pressure for chemical-free farming 

practices to al low access by New Zealand products to overseas markets without 

the effect of non-tariff trade barriers (Buddle, 2001 ) .  

Several alternative technological solutions to  nematode control are reported by 

Wailer ( 1 992,  1 998) , Wi l l iams (1 997), Sangster ( 1 999) , Hein et al. (200 1 ) , Sykes 

and Coop (2001 ) and Vlassoff et al. (2001 ) ,  due  to the emergence of anthelm intic 

resistance and the long-term economic effect for l ivestock productivity. These 

i nclude i ntegration of chemotherapy with grazing management ,  such as pasture 

spel l ing and renovation, integrated strategies involving alternate grazing with 

d ifferent stock classes, immunomodu lants, vaccines, targeted Si lencing of genes 

regu lating nematode development, biolog ical control of nematode larvae, b iological 

anthe lmintics and the use of tann in-containing p lants . 

1 .4.7 Condensed tannins and gastrointesti nal parasites 

Anthe lmintic medication has its origin in the use of extracts and plant products . I n  

animal health ,  the prospect for the use of p lants with anthelm intic properties for 

contro l l ing internal parasites is of great interest because of the cont inued growth of 
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organ ically produced l ivestock commodities to meet consumer preferences and 

animal rights issues (Wailer, 1 998) .  

Experimental evidence (Niezen et al. , 1 995,  1 998) suggests that eT has the 

potential value to control parasite infections of graz ing rum inants. The data in 

Table 1 . 1 0  indicates that d renched lambs grazing eT-conta in ing legum es (Su l la 

and Lotus sp. ) grew at s im i lar  rate to lambs graz ing non-eT-contain ing l ucerne but 

faster than lambs grazing perennial ryegrass/white clover pastu re .  In  contrast, dai ly 

gains were h igher for un-drenched lambs grazing eT-contain ing legumes than 

when grazing either l ucerne or pasture .  

The data i n  Table 1 . 1 0  also shows that ,  although average faecal egg count values 

did not d iffer between lambs grazing eT-contain ing lotus species and non-eT­

contain ing forages, lambs grazing su l la had the lowest faecal egg concentrat ions. 

Parasite burdens at s laughter were s imi lar for lambs grazing Lotus sp. and pastu re 

but were consistently lower for growing an imals grazing su l la.  The preced ing 

i nformation suggests that sheep grazing eT-contain ing legumes, especial ly su l la ,  

may withstand the pathogen ic effect of gastrointest inal parasites better than lambs 

grazing non-eT-contain ing forages. 
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Table 1 . 1 0. Arithmetic mean l iveweight gains (LWG; g/day) , faecal egg counts (FEe;  eggs per gram fresh faeces) and 
total worm burden of anthe lmintic drenched (D) and un-drenched (UD) lambs grazing su l la (Hedysarum 
coronarium) , lucerne (Medicago sativa) , Lotus sp. and perenn ial ryegrass/wh ite clover (Lolium 
perenne/Trifolium repens) pasture .  

Sulla Lucerne Lotus corniculatus Lotus pedunculatus Pasture 

D UD D UD D UD D UD D UD 

Experiment 1 

Total condensed tannin 1 20 
(g/kg DM) 

LWG/day 302 206 244 50 

Average FEC 1 ,543 2,536 

Experiment 2 

Total condensed tannin 99 2 
(g/kg DM) 

LWG/day 200 1 29 1 84 -39 

Total worm burden 8,0 1 6  1 9,268 

Experiment 3 

LWG/day 226 1 75 243 1 21 208 86 232 1 60 1 66 84 

Average FEe 1 ,538 2,1 99 2,571 2,864 2, 1 09 

Total worm burden 1 3 ,090 1 8,084 22,990 23,665 1 5,806 ("') 
:: 
> 
� 

From Niezen et al. ( 1 993, 1 998). 0-3 t"'1 � 
0 Z 

� t"'1 
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Recent evidence (Mol an et al. , 1 999) estimates that the effect could be med iated 

in two ways . Fi rstly, CT i ncrease the amino acid supply to the small i ntestine ,  

overcoming the i ncreased endogenous p rote in loss i nto the gastrointest inal tract 

(G IT) caused by parasite populat ion,  wh ich in turn may improve the host 

immunological competence to withstand the effects of i nfestation and maintain a 

reasonable level of production (res i l ience) . Secondly, CT may d is rupt the 

nematode l ife cycle by reducing egg viabi l ity and larval development i n  the forage ,  

and larval mot i l ity in  the ruminant's d igestive system (resistance) . Consequently, 

use of CT -contain ing forages may i ncrease animal productivity with a substantial 

reduction of anthe lmintic d renching and so improve the qual ity of the f inal product 

i n  the market. 

1 .4.8 Oag formation and flystrike 

Accumu lation of faecal material over faeces already adhered to the wool aro u nd 

the tai l and bel low to the sides has been described as dags in  sheep f locks . 

Several factors associated with dag formation ,  such as parasitism (McEwan et al. , 

1 992;  Larsen et al. , 1 994, Scales et al. , 1 995), genet ic variat ion (Meyer et al. , 

1 983 ;  Morris and Mackay, 2002) ,  endophyte toxins ergoval ine or  lo l it rem B 

(F letcher et al. , 1 999) , changes i n  m ineral absorption (Reid and Cott le ,  1 999 ) ;  

faecal moisture content (Waghorn et  al. , 1 999) and  CT-conta in ing forages 

(Leathwick and Atkinson , 1 995, 1 998; Robertson et al. , 1 995;  N iezen et al. , 

1 995 , 1 998 ; Ramirez-Restrepo et al. , 2002), has been mentioned. Nevertheless,  
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the specific mechanism involved in the incidence of dags is unclear (Waghorn et 

al. , 1 999) . 

I n  practical terms,  dags represe nts losses i n  productivity due to the costs involved 

i n  removing them , the protection against f lystrike ,  with which, they are strongly 

correlated (r  = 0.97) (Leathwick and Atkinson ,  1 995) and red uced wool retu rns 

(Larsen et al. , 1 994) . Meyer et al. (1 983) estimated that 60 cents per animal plus 

labour  in extra crutch ing are affecting the income of the farm by dags and flystrike. 

Furt her, est imations from Heath and Bishop ( 1 995) suggested that up to 5% of the 

national f lock is affected by flystrike, with a cost of $37M that includes prod uction 

losses and treatment .  More recently, Cole and Heath ( 1 999) stated that around 

$60M are spent annual ly by the New Zeal and sheep farm ing industry to treat or 

prevent b lowfl ies and l ice.  

I n  contrast, Waghorn et al. ( 1 999) poi nted out that, even though there are some 

esti mations, the real cost to farm ing is unknown due to lack of nationwide statistics 

about the incidence and frequency of dagg i ng .  Furthermore, quant itative effects of 

dagginnes on performance, stress, labour input in checking stock, pesticide 

res istance , ethical costs as wel l  as conseq uences of not dagging are not defined 

(Waghorn et al. , 1 999) .  

Add itional ly, insecticide res idue levels in  g reasy wool are a poss ible health risk for 

wool handlers and overseas consumer demands (Wakel in ,  1 994) . Consequently, it 

is necessary to develop an integrated manage ment system to consider both low or 
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non-chemical viable alternatives (Leathwick and Atkinson ,  1 996) and human and 

animal we lfare issues (Morris and Mackay, 2002) .  

1 .5 CONCLUSIONS AND NEEDS FOR FUTURE RESEARCH 

The conclusions of this L iterature Review can be summarised as fol lows : 

• Lotus corniculatus i s  a crop adapted to d ifferent soi l  types and i s  particu larly 

adapted to d ry conditions and med ium soil fert i l ity , where productivity of 

other legumes is  l imited . Research in g lasshouse env i ronment and smal l  

p lots show that b i rdsfoot trefoi l  maintains its qual ity d u ring maturity and its 

greatest yie ld occu rs during summer. I t  shou ld be rotional ly grazed , at not 

less than 4 week i ntervals , and to a residual height of approximately 1 0  cm.  

However, the  effect o f  graz ing management on p lant production throughout 

consecutive years has not been i nvestigated in d ryland areas and research 

needs to be conducted in th is area. 

• Low concentrations of condensed tann ins (20-40 g/kg DM)  are present i n  L. 

corniculatus, which b ind plant protein  after chewing. Effects of eT upon 

nutritive value and an imal production have been establ ished through 

comparing unsupplemented sheep (eT-act ing) with sheep supplemented 

oral ly and i ntrarum inally with Polyethylene g lycol (PEG;  MW 3 ,350) ,  which 

specifical ly b inds and inactivates eT (CT- inactivated) .  Act ion of CT i n  

b i rdsfoot trefoi l  reduces forage N degradation by rumen m icroorgan isms,  

i ncreases the flow of  NAN at the duodenum / unit of  N eaten and i ncreases 
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the absorption of EAA from the smal l  i ntestine,  without depressing rumen 

carbohyd rate d igestion or vo luntary feed i ntake. 

• Wool growth is dependent upon the absorpt ion of EAA from the small 

i ntest ine and the avai labi l ity of su lphur-contain ing amino acids (SAA) . I n  

g razing studies it has been shown that action o f  condensed tann ins in  L. 

corniculatus i ncreases wool product ion (1 1 %) . Wh i lst lambs grazing 

b i rdsfoot trefoi l  grew faster than lambs g razing l ucerne ,  PEG dosi ng studies 

showed that none of th is i ncrease cou ld be attributed to the action of CT. 

Action of CT increased m i lk production (21 %) and the net secretion of 

protein ( 1 4%) and lactose ( 1 2%) , i n  ewes graz ing L. co rniculatus. 

• Ovu lat ion rate and lambing percentage of ewes grazing L .  corniculatus for 

6-8 week periods during mating was approx 25% h igher than that of 

comparable ewes grazing perennial  ryegrass/wh ite c lover pasture over th is 

period . PEG supplementation stud ies have shown that approximately half of 

th is  i ncrease was due to the action of CT, with the other half being due to 

the superior nutritive value of legumes, i ndependent of CT. The beneficial 

effects of CT in increasing reproductive rate were associated with higher 

plasma concentration of branched chain amino acids (BCAA) . 

• Condensed tannins extracted from su l la ,  Lotus spp. and sainfo in 

( Onobrychus viciifolia) reduced the mot i l ity of infective L3 i nternal parasite­

larvae of both sheep and farmed deer. They also disrupted development of 

eggs and larval mou lts. I n  f ie ld studies,  parasitised lambs graz ing sul la or 
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ch icory (Cichorium i ntybus) had reduced worm burdens and increased body 

growth re lative to parasitised lambs grazing l ucerne,  so i ncreas ing 

res i l ience. Further research is needed to understand specif ic m echanisms 

of action and to reduce re l iance on anthe lm intic d renches in pastoral 

farming systems .  

• Al l  the resu lts summarised above were obtained i n  separate feed ing 

experiments, generally with only one aspect being i nvestigated i n  each 

experiment. There is a need to investigate the i ntegration of L. corniculatus 

i nto whole d ryland sheep farm ing systems,  where its use can be p lanned for 

the enti re year and several aspects are measured i n  each experiment .  

• Three priorities need to be investigated to i ncrease whole year productivity 

in the whole farm system.  F i rst , use of L. corniculatus during mating for at 

least 6 weeks with l ighter ewes to i ncrease OR,  lambing and wean ing 

percentage. Second, feeding L. corniculatus to lactat ing ewes and their 

suckl ing lambs during spring to increase wool production and lamb wean ing 

weight ,  reduc ing anthelmint ic inputs and so increasing the p roport ion of 

lambs that can be d rafted early for slaughter, before summer-d ry cond itions 

occur. F inal ly, evaluating L .  corniculatus for i ncreasing the growth of post­

weaned lambs over the summer, to improve se l l ing l ive weights i n  the 

market, with reduced rel iance on anthe lm intic opt ions to contro l nematode 

parasites. These aspects are investigated in this thesis, through comparing 

sheep graz ing swards of L. corniculatus and comparing them with s imi lar 

sheep grazing conventional perenn ial ryegrass/wh ite clover pastu re .  
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CHAPTER TWO 

ABSTRACT 

Two grazing experiments were conducted for 1 2  and 1 3  weeks respectively over 

the spring periods of 2000 and 2001 at Massey U nivers ity's Riverside farm , i n  the 

Wairarapa, New Zealand to compare the effects of g razing Lotus corniculatus L. 

(birdsfoot trefo i l ;  cv. G rasslands Goldie) or perennial ryegrass (Lolium 

perenne)/white clover ( Trifolium repens) dominant pasture duri ng lactation on ewe 

and lamb l ive weight (LW) ,  wool product ion ,  faecal nematode egg counts ( FEC) 

and dag score . Ewes and their lambs (mainly twins) were rotational ly grazed on L. 

comiculatus (n = 50) or pasture (n = 50) without any anthelm in itc treatment at a 

herbage al lowance of 6.5 and 8.0 kg green OM/ewe/day for Experiments 1 and 2 

respectively. Total condensed tannins (CT) concentrat ion in  the d iet selected was 

24 to 27 g CT/kg OM for L. corniculatus and 1 .4 to 1 .5 g CT/kg OM for pasture .  In 

vitro organic and est imated metabol isable energy (ME) concentrat ion were h igher 

for L.  corniculatus than for pastu re i n  both experiments , wh i lst the concentrat ions 

of neutral detergent fibre (NDF) was lower for L. corniculatus than for pasture .  The 

LW gain ,  weaning LW and wool production were consistently greater (P  < 0.00 1 ) 

for lambs graz ing L .  corniculatus, i n  both Experiment 1 (258 vs . 1 89 g/d ; 36. 1  vs. 

30.1 ; 1 . 1 7  vs . 0 .98 kg) and in Experiment 2 (247 vs . 1 62 g/d ; 31 .8  vs. 24. 1 ; 1 . 1 7  

vs . 0 .81  kg) ,  respectively. Ewe and lamb dag score were strongly and pos it ive ly 

corre lated with dag weight (P  < 0.00 1 ) and general ly i ncreased with t ime in  sheep 

grazing pasture, whi lst g raz ing on lotus consistently reduced dag score. FEC in  

ewes grazing pastu re showed a post-partu rient rise (PPR) fol lowing lambing,  whi lst 
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ewes graz ing L. corniculatus had a reduced PPR in FEe.  Up to day 70, FEe in  

lambs grazing L. corniculatus was lower than  that for lambs grazing pasture ,  but 

between day 70 and the end of both experiments (approximately day 90), FEe in  

lambs graz ing L .  corniculatus i ncreased to  s im i lar values as for pastu re-fed lambs. 

FEe was not correlated with dag score or dag weight in ewes or lambs grazing 

pasture, but these indices were weakly and positively correlated in ewes and lambs 

grazing L. corniculatus, suggesti ng that lowering FEe on L .  corniculatus also 

reduced dag formation .  It was concluded that under dryland farming condit ions, the 

use of L. corniculatus (b i rdsfoot trefo i l ;  cv. Grasslands Goldie) du ri ng the 

spring/early summer lactation period can be used to i ncrease lamb growth and 

wool production,  whi lst e l im inating the need for pre-Iambing anthelm intic drenching 

and probably reducing the amount of i nsecticide needed to control f lystrike . These 

effects are probably due to the eT in L. corniculatus reducing rumen protei n  

degradabi l ity and contro l l ing i nternal parasites and to the h igher d igestib i l ity and 

vol untary feed intake (VFI) of L. corniculatus compared to perennia l  ryegrass/wh ite 

clover pasture .  The absence of endophyte in L. corniculatus may have also have 

contributed to these effects . 

Keywords:  Lotus corniculatus, condensed tann ins ,  dryland farming systems,  oral 

anthelmintic. 

Abbreviations: BA, break area; BFT, birdsfoot trefo i l ;  CFW, clean fleece weight ;  

CT, condensed tann ins ;  cv, cu ltivar; OM , d ry matter; DOMO, digestib le organic 

matter in  the d ry matte r  (g)/kg OM;  EAA, essential amino acid ; FA, feed al lowance ; 

FEC, faecal nematode egg counts ; HM herbage mass ; I LR ,  i rreversib le loss rate ; 
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LW, l ive weight; LWG , l iveweight gain ;  rn, metre ;  ME,  metabol isable energy; N DF, 

neutral detergent f ibre ;  OMD, organic matter d igest ib i l ity; PEG , polyethylene g lyco l ;  

PPR, post-partum rise; SAA, su lphur-contai n ing amino acids ;  SAS, Statist ical 

Analysis System ; VFI , vol untary feed i ntake . 

2 . 1  INTRODUCTION 

Lotus corniculatus L. (bi rdsfoot trefo i l )  is a forage adapted to a variety of soi l types 

(Seaney and Henson, 1 970; Turkington and Franko, 1 970). There is considerable 

i nterest in  New Zealand on the pastoral val ue of b i rdsfoot trefo i l  (BFT) for d ryland 

farm ing areas , where other legumes and grasses have reduced productivity i n  

summer/autumn  due  to  drought cond it ions and to  reduced soi l  fert i l ity i n  h i l l  

country (Bologna et  al. , 1 996 : Waghorn et  al. , 1 998;  Kemp et  al. , 1 999) . 

Birdsfoot trefo i l  contains a low concentration of condensed tann ins  (eT; 20 to 40 

g/kg OM ;  Barry, 1 989) ,  which b inds leaf protein  after mastication (Jones and 

Mangan , 1 977) . Stabi l ity of the eT-protein complex is pH dependant, but it is 

insoluble at rumen pH (6.0 to 7.0) and releases protein at pH < 3.5 ,  such as that i n  

the abomasum (Jones and Mangan , 1 977) . This has i ncreased the  amount of 

essential amino acids (EAA) absorbed from the smal l  intestine  (Waghorn et  al. , 

1 987) and improved animal productivity. 

In grazing sheep, the action of the eT in BFT has i ncreased wool g rowth by up to 

1 1  % duri ng summer  (Wang et al. , 1 996b; Min et al. , 1 998) , m i lk y ie ld (21 %) during 

mid and late lactation (Wang et al. , 1 996a) and both ovu lation rate (27%) during 

mating, and lambing percentage (20%; M in  et al. , 1 999 ;  M in  et al. , 2001 ) .  
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Experimental evidence (Niezen et al. , 1 995,  1 998) suggests that CT have the 

potential to control parasite infect ions and reduce dag fo rmation (accum u lation of 

faeces i n  the wool su rrou nd ing the anus;  Leathwick and Atkinson ,  1 995) ,  which 

cou ld potential ly lead to reduced use of anthelm int ics to control parasites. 

Additional ly ,  relat ive to perennial ryegrass ,  growth of sheep was higher (35%) 

when graz i ng BFT (Robertson et al. 1 995) .  However, t here was no evidence to 

support CT making a positive contribution to th is effect, as judged by the level of 

response to polyethylene g lycol (PEG) supplementat ion.  To date, effects of CT 

upon an imal productivity and paras ito logy have been determined in separate 

experiments 

The object ive of th is study was to assess the effect of feeding L. corniculatus on 

sustainable productivity of lactating ewes in the spring u nder commercial d ryland 

farm ing condit ions without the use of anthe lmintic drenches, us ing a systems 

approach,  where effects on animal productivity and parasites were measured in  

the same experiment. 

2.2 MATERIALS AND METHODS 

2.2. 1.  Experimental design 

Two rotat ional grazing experiments were carried out in the springs of 2000 and 

2001 at Massey University's Riverside farm in the Wairarapa, New Zealand . This 

area is on  the East Coast of the Southern North Is land and experiences regu lar 

summer d ry condit ions .  Experiment 1 was conducted from 1 8  October 2000 to 1 2  

January 2001 (86 days) . Experiment 2 commenced on  3 October 2001 and 
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f in ished on  2 January 2002 (9 1 days) . Experiments 1 and 2 compared g roups of 

50 undrenched lactating Romney ewes and their lambs (mai n ly  twins) grazing pure 

swards of L. corniculatus (cv. G rasslands Gold ie ;  CT-contain ing) or  perenn ial 

ryegrass (Lolium perenne)/wh ite clover ( Trifolium repens) pasture ;  non-CT­

contain i ng) .  Both forages were offered at the same dry matter (OM) al lowance, i n  

weekly b reaks , with each break lasting 7 days. U nder normal commercial farm ing ,  

al l  ewes wou ld receive a pre-Iambing anthe lmintic d rench, but th is was de l iberatly 

witheld in both years ,  in order to i nvestigate if feeding L. corniculatus wou ld  reduce 

i ncidence of nematode parasitism .  

Liveweight gain (LWG) of both ewes and lambs was determ ined , wh i lst woo l 

production was measured by shearing at the end of both experiments . Rectal 

faecal samples for faecal nematode egg counts (FEC) were co l lected at i nteNals 

throughout the expe riments from both ewes and lambs . Oag formation was 

assessed at inteNals throughout the exper iments, as the visual dag score , and by 

co l lecting all the crutch ing ( i .e .  dags) just p rior to the main shearing .  Oag 

measurements were done on al l  ewes and lambs. In  commercial sheep farm ing , 

particularly i n  New Zealand and Austral ia, accumu lation of dags in  hot weather can 

lead to f ly strike requ i ring i nsecticide treatment. No insecticides were used in these 

experiments to assess if it was feasible to produce weaned lambs without their 

use. Therefore, the use of L. corniculatus contain ing CT offers the poss ib i l ity of 

reduced use of both anthelm intics and i nsecticide dips. 
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2.2.2. Forages 

L. corniculatus L. (b i rdsfoot trefoi l ;  cv. G rasslands Goldie) and perennial ryegrass­

white clover (Lolium perenne/Trifo l ium repens) dominant pasture were grazed in 

the vegetative growth stage .  N ine hectares of L. corniculatus was establ ished for 

Experiment 1 and it was also used in Experiment 2. Surp lus areas of legume and 

pastu re were grazed by commercial f locks of sheep and catt le. Add itional ly, 

pasture paddocks were mechanical ly topped duri ng spring to remove reproduct ive 

stem material to stimu late the vegetative g rowth stage.  I n  winter, legume paddocks 

were sprayed with herbicides to contro l both grasses (Gal lant® NF ;  Dow Elanco , 

NZ Ltd ; 3 l it res/ha) and broad-leaved weeds (Preeglone®; Zeneca Ltd ; 3 l itres/ha 

and Sencor® DF ;  8ayer, NZ; 1 kg/250 l itres/ha) . 

Measurements of pre-grazi ng and post-grazing herbage mass and botan ical 

composition were determined for each weekly break by cutti ng random quadrats (S 

x 0 . 1 S0 m2) per break of each forage to ground level .  Samples were washed and 

dried overnight ( 1 6 h) in a forced-air oven (Contherm ; Thermotec 2000; New 

Zealand) at SO QC .  Pre-grazing and post-grazing he ight, and pastu re cover were 

measured for each weekly break using a sward stick and plate meter (Ashgrove ; 

New Zealand) respectively. 

Six wire mesh cages measu ri ng about 1 .4 x 0.9 m were placed in each break 

immediately before sheep were i ntroduced for grazi ng.  At the end of graz ing that 

break, the cages were removed and the forage was hand plucked correspond ing 
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to what the sheep were observed to be eat i ng (diet selected) .  These samples were 

pooled and stored at - 20° C for nutrient analys is .  

2.2. 3. Grazing management 

Ewes and lambs were rotationally grazed i n  both experiments at a feed al lowance 

of 6 .5 kg green OM/ewe/day in Experiment 1 and 8 .0  kg green O M/ewe/day i n  

Experiment 2 .  Weekly breaks were used i n  both swards with front and back 

electric fences. The area of each weekly b reak was calcu lated as : 

7 days x n x FA 

E3A = -----------------------
HM 

W here HM i s  herbage mass (kg OM/ha) , E3A i s  break area (ha) , n i s  number of 

ewes, and FA is feed al lowance per head per day (kg) .  This management ensured 

vegetative high qual ity forage at al l  t ime .  Ewes and lambs had free access to 

water in both experiments . 

2.2.4. Animal measurements 

Liveweight gains were measured for both ewes and lambs at fortn ightly periods 

us ing electronic scales (Tru-test, Auckland , NZ) .  Rectal faecal samples from 20 

randomly selected ewes grazing both L. corniculatus and pasture were sampled at 

the beg inn ing of the Experiment 1 (day 0) and on day 21  and at fortnightly i ntervals 

to est imate faecal nematode egg concentration (FEC) .  In Experiment 2 ,  ewes were 

sampled on day 0 and at fortnightly periods. FEC was monitored from 30 randomly 

selected lambs grazing each sward i n  both experiments . I n  Experiment 1 ,  faecal 
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samples were col lected at 6 and 3 weeks before and at weaning . I n  Experiment 2 ,  

lambs were sampled at 7,  5 and 3 weeks before and at  weaning.  The  same ewes 

and lambs were sampled on each occasion .  Gastro intestinal larvae f rom ewes and 

lambs in Experiment 2 were cultured fro m  faeces col lected for FEC to estimate 

re lative nematode popu lations. 

Ewes and lambs in both experiments were scored on a scale 1 to 5 (1 = no dags , 5 

= the h ighest i ncidence of dags) for dagginess at docking (the start of the 

experiments) and at two-week intervals . At the end of the trials ,  lambs and ewes 

were fu l l  leg crutched and crutchings were weighed , oven dried and re-weighed .  

Ewes and lambs were shorn at the end of the experiments and f leece weight 

recorded. 

2.2. 5. Laboratory analyses 

2.2.5. 1 .  Forages and faeces 

All samples of feed offered and diet selected were stored at - 20° C and freeze­

dried us ing a Cuddon 061 0 freeze drier (W.G.G.  Cuddon Ltd , B lenheim, New 

Zealand),  and ground to pass a 1 mm d iameter sieve (Wi ley m i l l ,  Swedesboro, 

USA) before laboratory analysis . Total n itrogen (N) was determined by the Oumas 

principle (Leco CNS 2000 Analyser, Model  602 600 200, USA). Neutral detergent 

f ibre (NOF) was determined by the detergent system of Robertson and Van Soest 

( 1 981 ) ,  with alpha amylase (BOH , Poole,  U K) being added during NOF  extract ion. 

Sod ium su lph ite was not added.  Acetone/water-extractable, protein-bound and 

fibre-bound CT fractions in forages were determ ined us ing a butanol-HCL 
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colorimetric procedure (Terri l l  et al. , 1 992b) ,  with total CT concentrat ion be ing 

reported. 

Al l  CT concentrations were determ ined using CT extracted f rom Lotus 

pedunculatus as a standard reference (Jackson et al. , 1 996) . In vitro organic 

matter d igestib i l ity (OMO) and digestib le OM in the OM (OOMO) were measu red 

using the enzymic procedure of Roughan and Ho l land ( 1 977) , with samples from in 

vivo d igestib i l ity trials used as standards,  with pastu re standards used for the in 

vitro determ ination of pastu re samples, and L. corniculatus standards used for the 

in vitro determination of L. corniculatus samples. Faecal samples for FEC were 

refrigerated overn ight (4° C) and F EC determ ined using a mod if ied McMaster 

method (Stafford et al. , 1 994) where each egg counted represented 50 eggs/g of 

wet faeces .  Larval cultu res were made from pooled faeces from each group mixed 

with vermicu l ite and water and cu ltu red at 25° C for 1 0  days . Larvae were 

recovered us ing a Baermann techn ique (Min istry of Agricu ltu re ,  F isheries and 

Food , 1 986) . 

2.2.5.2. Wool samples 

Fleeces were weighed at sheari ng to determine greasy f leece weight. Wool 

samples ( 1 50 g) from both left and right mid-side areas were used for laboratory 

analysis. Clean f leece weight (CFW) and f leece yield (%) were determ ined using a 

standard greasy wool washing procedu re described by M in  et al. ( 1 998) . Wool 

staple length (cm) from each animal was determined by measu ring the length of 

1 0  randomly chosen unstretched staples along a ru ler. 

88 



CHAPTER TWO 

2.2. 6. Statistical analyses 

Differences in  chemical forage composition ,  forage botanical composit ion,  pre­

graz ing and post-grazing herbage mass, and VFI between pastu re and L. 

corniculatus were assessed us ing the M IXED procedure of the SAS statistical 

package (SAS , 2001 ) ,  with a l i near model that i ncluded the effects of forage type 

(L .  corniculatus or pasture) . 

Faecal nematode egg counts were analysed after square root transformation to 

normal ise the data (Snedecor and Cochran , 1 980) . Data for LW, transformed FEC 

and dag score were analysed us ing the MIXED procedure of SAS (200 1 ) .  The 

l inear model i ncl uded the fixed effects of day, forage type, forage type by day 

i nteract ion ,  and the random effect of an imal .  Using the Akaike's i nformation 

criterion ,  a compound symmetric error structure was determined as the most 

appropriate residual covariance structure for repeated measu res over time with in 

animals (Littel et al. , 1 998) . Dai ly LW gain ,  greasy fleece weight, clean fleece, yield 

and staple length were analysed us ing the PROC GLM (SAS, 2001 ) with the 

variable f itted being forage type . 

Chi-square test was performed using PROC FREQ (SAS , 2001 ) to test for 

s ignif icant differences between pastu res in the frequency of infective larvae in 

each of the parasite species. Correlations among dag we ight , dag score and FEC 

were analysed us ing PROC CORR (SAS, 2001 ) . 
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2.3 RESULTS 

2. 3. 1 .  Forages and botanical composition 

CHAPTER TWO 

Pre-grazing herbage mass was s im i lar between L. corniculatus and perenn ial 

ryegrass-white clover pastu re in  both experiments , but post-grazing herbage mass 

was higher for pasture than for L. corniculatus (Table 2 . 1 ) .  For both forages, the 

diet selected was predominantly leaf ,  with negl ig ib le amounts of stem being 

consumed. On ly smal l  amounts of wh ite clover and of other species were 

consumed in both experiments. 

2. 3.2. Chemical composition 

Total N concentrat ion was h igher for L. corniculatus (P < 0.001 ) than for the 

pasture in the diet selected in  Experiment 2 (Table 2 .2) ,  whi lst N D F  concentrat ion 

was lower (P < 0.001 ) in  L. corniculatus than i n  pasture i n  both years . L. 

corniculatus contained approximately 25 g/CT/kg DM in the d iet selected , with on ly 

trace amounts of total CT being detected in the pastu re d iet selected.  Most CT in  

the L .  corniculatus selected was read i ly  extractable (68.2%) , with m uch smal ler 

amounts being protein-bound (28 .0%) or f ibre-bound (3 .8%). 
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Table 2.1 . Pre-grazing and post-grazing herbage mass (t OM/ha) and plant components of Lotus corniculatus L .  (bi rdsfoot 
trefo i l ;  cv. Grasslands Goldie) and perennial ryegrass/wh ite clover (Lolium perennelTrifolium repens) pasture a. 

Herbage mass 

Green OM 

Dead matter 

Leaves 

Stems 

White clover 

Weeds 

Experiment 1 

Pre-grazing 

Pasture Lotus S.E.M 

3.82 3 .94 0.25 

3 .52 3.72 0.23 

0.30 0.21 0.06 

1 .95 1 .49 0. 1 2  

0.41 0.90 0. 1 0  

0.59 0.53 0.07 

0.09 0.68 0.07 

Post-grazing 

Pasture Lotus S.E.M 

2.49 1 .77 0. 1 3  

2.07 1 .40 0. 1 1  

0 .41 0.34 0.06 

0.95 0. 1 5  0.06 

0.62 0.76 0. 1 0  

0. 1 6  0. 1 9  0.02 

0.01 0.26 0.03 

a Means for 1 3  weekly breaks and their pooled standard errors. 

Experiment 2 

Pre-grazing 

Pasture Lotus S.E.M 

3. 1 3  3.37 0.25 

2.99 3.32 0.23 

0. 1 3  0.04 0.06 

1 .5 1  1 .62 0. 1 2  

0.76 1 .02 0. 1 0  

0.43 0.47 0.07 

0. 1 5  0. 1 7  0.07 

Post-grazing 

Pasture 

2.23 

2.09 

0. 1 3  

0.82 

0.78 

0. 1 4  

0. 1 6  

Lotus S.E.M 

1 .78 0. 1 3  

1 .66 0. 1 1  

0 . 1 1 0.06 

0.33 0.06 

1 .04 0. 1 0  

0.21 0.02 

0.07 0.03 
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Table 2.2. Total n itrogen (N) ,  neutral detergent f ibre (NOF) ,  condensed tann in  
(eT) ,  in vitro organic matter d igestib i l ity (OMO)  and d igestib le organ ic 
matter in  d ry matter (OOMO) ,  as wel l  as estimated metabol isable 
energy concentration (ME, MJ/ kg OM) ,  of the diet selected by sheep 
graz ing perennia l  ryegrass/white clover ( Lolium perennelTrifolium 
repens) pastu re or Lotus corniculatus L.  

Experiment 1 

Total N (g/kg OM) 

NOF (g/kg OM) 

Total CT (g/kg OM) 

Bound CT (% CT) b 

In vitro 

OMD 

OOMD 

ME d 

Pasture Lotus 

(n = 1 3) (n = 1 3) 

29 .7 

41 3.0 

1 .42 

96 

30.3 

3 1 2.6 

24. 1 2  

36 

(n = 1 2) C (n = 1 2) 

0.65 

0.60 

9.80 

0.70 

0.65 

1 0.60 

P S.E.M 

NS 1 .38 

NA 

1 2.50 

1 .35 

NA 

0.006 

0.004 

0.078 

a Subsamples for CT analysis. 
b % Bound CT = ( (protein-bound + fibre-bound CT)/total CT) . 
C Subsamples for in vitro analysis. 
d ME = OOMO x 1 6.3 
NA: not applicable. 
NS: not sign ificant (P < 0.05) . 
* (P < 0.05) . 
*** (P < 0.00 1 ) . 

Pasture 

(n = 1 3) 

26.3 

444.3 

(n = 4)  

0.52 

1 00 

(n = 1 3) 

0 .69 

0.62 

1 0.24 

Experiment 2 

Lotus 

(n = 1 3) 

33.5 

3 1 9 . 1  

(n = 4) 

26.72 

27 

(n = 1 3) 

0.71 

0.65 

1 0.69 

P S .E .M 

NA 

NS 

1 . 1 5  

1 7.39 

0.66 

NA 

0.01 

0.008 

0.001 

2. 3.3. Live weight gain, wool production, wool characteristics and dag weight 

Final LW (P  < 0.01 ) and greasy f leece weight (P  < 0.00 1 ) were h igher i n  ewes 

graz i ng L. corniculatus than pasture in Experiment 2 (Table 2 .3) ,  whi lst woo l staple 

length was consistently longer for ewes grazing L. corniculatus i n  both experiments 
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(P < 0.0 1 ) .  Relat ive to ewes that grazed pasture ,  grazing on L. corniculatus 

consistently reduced dag weight at shearing in both experiments (P  < 0 .001 ) .  

Table 2.3. Effect o f  grazing ewes on  perennial ryegrass/wh ite clover (Lolium 
perenne/Trifolium repens) pasture or  Lotus corniculatus L .  u pon animal 
productivity, without use of anthelmentic d rench input in  d ryland 
farm ing conditions duri ng two consecutive years. 

Experiment 1 Experiment 2 

Pasture Lotus P Pasture Lotus 

(n = 50) (n = 50) (n = 50) (n = 50) 

P 

Initial live weight (kg) 60.9 ± 0.92 61 .4 ± 0.92 NS 55.2 ± 0.95 55.0 ± 0.95 NS 

Final l ive weight (kg) 67.3 ± 0.92 69.0 ± 0.92 NS 58.5 ± 0.95 65.7 ± 0.95 

Greasy fleece weight (kg) 4.07 ± 0.09 4.22 ± 0 .09 NS 1 .43 ± 0.04 1 .69 ± 0.04 

Clean fleece weight (kg) 3. 1 7  ± 0.09 3 .29 ± 0 .07 NS 1 . 1 9 ± 0.04 1 .40 ± 0.04 

Fleece yield (%) 77.6 ± 0.55 77.9 ± 0.54 NS 82.3 ± 0.55 82.5 ± 0.54 NS 

Staple length (cm) 

Dag weight: 

Wet (kg) 

Dry (kg) 

NS: not sign ificant (P < 0 .05) . 
* (P < 0.05) . 
** (P < 0.0 1 ) .  
*** (P < 0.00 1 ) .  

1 4.45 ± 0.22 1 5.42 ± 0.22 

0.391 ± 0.02 0.227 ± 0.02 

0.269 ± 0.01 0. 1 68 ± 0.01 

7. 1 5 ± 0. 1 1 7.73 ± 0. 1 1 

0.332 ± 0.02 0. 1 83 ± 0.02 

0. 1 76 ± 0.01 0. 1 34 ± 0.01  

The LW gain and wool production were g reater (P < 0.001 ) i n  lambs graz ing L. 

corniculatus than their cou nterparts g raz ing pasture (Table 2 .4) i n  both 

experiments. G razing on L. corniculatus i ncreased LWG of predom inantly twin  

lambs by  69  g/day (37%) in  Experiment 1 and by  85  g/day (52%) in  Experiment 2 ,  

increasing wean ing weight by 6 .0 kg (20%) and 7 .7  kg (32%) respectively i n  

Experiments 1 and 2 .  I ncreases in  wool production from grazing lambs on L .  

93 

• 



CHAPTER TWO 

corniculatus were respectively 1 9% and 44% in  Experiment 1 and 2, whi lst wool 

staple length was increased in both experiments . Lower dag weights at shearing 

were recorded for lambs grazing L. corniculatus in Experiment 1 ,  but in Experiment 

2 the lambs grazing pasture had the lowest dag weight at shearing . 

Table 2.4. Liveweight change (kg) ,  woo l  product ion (kg) and dag weight (g) of 
u ndrenched lambs grazing on perennial ryegrass/white clover  (Lolium 
perenne/Trifolium repens) pastu re or  Lotus corniculatus L .  over the 
springs 2000 and 2001 . 

Experiment 1 Experiment 2 

Pasture Lotus P Pasture Lotus P 

(n = 78) (n = 79) (n = 92) (n = 90) 

In itial live weight (kg) 1 3.7 ± 0.51 1 3 .9 ± 0.53 NS 9.3 ± 0.45 9.3 ± 0.46 NS 

Final live weight (kg) 30.1  ± 0.51 36.1  ± 0.53 24. 1 ± 0.45 3 1 .8 ± 0.46 

Liveweight change (g/d) 1 89 ± 3.0 258 ± 3.0 1 62 ± 5.0 247 ± 5.0 

Greasy fleece weight (kg) 0 .98 ± 0.02 1 . 1 7  ± 0.02 0.81 ± 0.02 1 . 1 7  ± 0.02 *** 

Clean fleece weight (kg) 0.8 1 ± 0.02 0. 97± 0.02 0.69 ± 0.02 0.98 ± 0.02 

Fleece yield (%) 82.5 ± 0.35 82.6 ± 0.35 NS 84.5 ± 0.32 82.9 ± 0.3 1  

Staple length (cm) 6.61 ± 0. 1 2  7.64 ± 0. 1 2  6.66 ± 0. 1 9  7.87 ± 0.20 

Dag weight: 

Wet (g) 1 3 1 .63 ± 8.03 76.35 ± 7.98 82.22 ± 4.76 98.58 ± 4.70 * 

D� {g} 92.05 ± 4.29 62.92 ± 4.35 60.94 ± 2.65 79.20 ± 2.68 

NS: not significant (P  < 0.05) . 
* (P < 0.05) . 
*** (P < 0.00 1 ) .  

2.3.4. Oag score, faecal nematode egg counts and larval culture 

The changes in dag score over the du ration of the experiments are summarised i n  

F ig.  2 . 1 . Oag score generally increased with t ime i n  both ewes and lambs grazing 

pasture and was consistently lower in ewes grazing L. corniculatus i n  either 
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Experiment 1 ( P  < 0.001 ) or Experiment 2 (P  < 0.01 ) .  Oag score of l ambs grazing 

L.  corniculatus was also lower than that of lambs grazing pasture ,  with the 

d ifference being more pronounced in Experiment 1 than in Experiment 2 .  

Ewes grazing pasture showed a post-partum rise (PPR) in  FEe in both 

experiments (F ig .  2 .2  and Fig. 2 .3 ) .  Faecal nematode egg counts were lower (P = 

0 .06;  F ig .  2 .2) for ewes fed L. corniculatus than for ewes fed pasture i n  Experiment 

1 .  Although FEe values of L. corniculatus-fed ewes were h igher at the start of the 

Experiment 2 ,  F Ee thereafter remained lower (P < 0.00 1 ; F ig .  2.3) in ewes fed L. 

corniculatus, vs. in  ewes fed pasture ,  throughout the experiment. 

Lambs graz ing L. corniculatus had lower FEe values at day 49 (P < 0 .001 ) and 

day 70 (P < 0.00 1 ) than those grazing pasture in Experiment 1 (F ig .  2 .4) , but not at 

day 86. A s im i lar trend was observed in lambs grazing L. corniculatus compared 

with the i r  counterparts on pastu re in Experiment 2, with L. corniculatus -fed lambs 

having lower FEe at 42, 56 and 70 days (P < 0 .001 ; Fig . 2 .5) .  At day 91 (weaning) 

FEe for L. corniculatus-fed l ambs was higher than for pastu re-fed lambs (P < 

0 .01 ) .  

After nematode larval incubation, Trichostrongylus plus Ostertagia species were 

predominant in ewes (67.7%) and lambs (81 .9%) in Experiment 2 (F ig .  2 .6) .  

Relative to sheep grazing pasture (Fig.  2 .6) ,  g razing on L. corniculatus tended to 

reduce the proportion of Trichostrongylus and Ostertagia, and to increase the 

proport ion of Cooperia, Chabertia and Oesophagostonum, with these effects 

being more pronounced in lambs than in ewes. 
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Figure 2.1 . Comparative dag score of ewes and lambs grazing (. ) Lotus corniculatus L.  (bi rdsfoot trefoi l) and (. ) 
perennial ryegrass/white clover (Lolium perennelTrifolium repens) pastu re in  two consecutive experiments . 
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Figure 2.2.  Experiment 1 .  Comparative least square means of faecal egg cou nts 
(FEC) (eggs g/wet faeces) of ewes grazing ( . ) Lotus corniculatus or 
(.) perennial ryegrass/white clover pastu re. Vertical bars show 
pooled standard error from square-root transformed data for clearer 
interpretation of trends. 
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Figure 2.3. Experiment 2 .  Least square means of faecal egg counts (FEC) (eggs 
g/wet faeces) of ewes grazing Lotus corniculatus ( . ) or perennial 
ryegrass/wh ite clover pastu re (.) .  I = pooled standard error from 
square-root transformed data for clearer interpretat ion of trends. 

97 



CHAPTER TWO 

30 4 0 0  

2 5  I I I " 
Cl) 

300  E ... 0 
20  -UI 

C 
III ... 

1 5  2 0 0  Z U III 
.a 
() 
w 

1 0  LL. 

1 00 

5 

o-l----;,-------.------.----r------r--�--_,____-_____,--_+ O 
45  50 55  60  65  70 75 8 0  8 5  9 0  

E x p e r i m e n ta l  d a y s 
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ryegrass/white clover pastu re. Bars represent pooled standard e rror 
f rom square-root transformed data for clearer interpretation of trends. 
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Figure 2.5. Experiment 2. Least square mean values of FEC (eggs g/wet faeces) 
in groups of lambs grazing Lotus corniculatus ( .) or perenn ial 
ryegrass/white clover pasture ( .) . I = pooled standard error from 
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Figure 2.6. Experiment 2. Comparative proportions of infective gastrointestinal nematode larvae of ewes and lambs 
grazing (. ) Lotus corniculatus L. (b i rdsfoot trefoi l )  and (. ) perenn ial ryegrass/white clover (Lolium 
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2. 3.5. Correlations 

There was a positive (P  < 0.001 ) re lationship between dag score and dag weight 

for both ewes and lambs grazing lotus or pasture in  both years . Oag score was 

positively related to FEe i n  ewes fed lotus in Experiment 1 ( P  < 0 .05) and dag 

weight was positively re lated to FEe in ewes fed L. corniculatus i n  Experiment 2 ( P  

< 0 .05) (Tab le  2 .5) .  Oag score and FEe (P < 0.05) ,  and dag weight and FEe (P < 

0 .01 ) were positively corre lated for lambs grazi ng L. corniculatus i n  Experiment 1 

(Table 2.5) .  
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Table 2.5. Correlat ion coefficients between faecal egg counts (FEC) ,  dag weight and dag score in undrenched ewes and 
lambs over the springs of 2000 (Exp. 1 )  and 2001 (Exp . 2) .  

Experiment 1 Experiment 2 

Pasture Lotus Pasture Lotus 

P (n) P (n) P (n) P (n) 

Ewes 

Dag score and wet dag weight 0.83 50 0 .76 50 0.74 *** 49 0.79 50 

Dag score and dry dag weight 0.74 48 0.58 50 0.77 49 0 .76 50 

Dag score and FEe 0 . 1 5  N S  20 0.49 20 0.28 NS 20 0.35 NS 20 

FEe and wet dag weight -0.02 NS 20 0.28 NS 20 0.02 NS 1 9  0.45 20 

FEe and dry dag weight -0.20 NS 1 8  0.09 NS 1 9  0.005 NS 20 0.46 20 

Lambs 

Dag score and wet dag weight 0.75 *** 79 0.2 1 NS 80 0.53 *** 85 0.38 *** 86 

Dag score and dry dag weight 0.65 78 0 . 1 1 NS 76 0.39 88 0.40 86 

Dag score and FEe 0.06 NS 30 0.40 28 0.04 NS 30 -0. 1 5  NS 30 

FEe and wet dag weight 0.08 NS 30 0.49 29 0 .22 NS 29 0.006 NS 30 

FEe and dry dag weight 0.04 NS 30 0.50 29 0.008 NS 30 0.01 NS 30 

NS: not significant (P  < 0.05). 
* (P < 0 .05) . 
** (P < 0.0 1 ) .  ("'} 
*** (P  < 0.00 1 ) .  � "1:l 
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2.4 DISCUSSION 

CHAPTER TWO 

The objective of these experiments was to assess the value of L. corniculatus for 

sustainable sheep production duri ng spring lactation under commercial d ryland 

farm ing cond it ions, with no anthe lm intic drench input .  The main f ind i ngs were that 

re lative to conventional perenn ial ryegrass/wh ite clover pasture ,  L .  corniculatus 

can be used to i ncrease lamb growth ,  and both ewe and lamb wool production ,  

whi lst e l im inating the need for pre-Iambing anthe lm in itc drench ing ,  a s  judged by 

the lower leve ls of FEC and of dag product ion.  

The approximate vol untary feed i ntake (VFI)  of grazing an imals can be calcu lated 

from pre-graz ing and post-grazing pasture OM masses , as the kg of OM ut i l ised by 

each ewe and her lambs per day. This gives an average for each experiment and 

cannot be separated into that consumed by the ewes and that consumed by the ir  

lambs. However, even with these l im itat ions, it is  evident that VFI  was higher (P  < 

0 .001 ) for ewes graz ing L. corniculatus vs. perenn ial ryegrass-based pasture both 

in Experiment 1 (3.73 vs . 2 .51  kg OM/ewe/day) and in Experiment 2 (3 .81 vs . 2 .56 

kg OM/ewe/day) . The superior body and wool growth of lambs g razing L. 

corniculatus i s  therefore due to a combination of factors, inc lud ing possib ly h igher 

VFI ,  h igher OMO and metabol isable energy (ME) and probably by the improved 

efficiency of protein d igestion caused by the CT in L. corniculatus. 

Benefits of condensed tann ins in  L. corniculatus have been re lated to reduced 

forage N degradation by rumen m icroorganisms and to the increased absorption of 

EAA in the small i ntestine (Waghorn et al. ,  1 987). Resu lts from Wang et al. 
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( 1 996a) ind icated that CT in L. corniculatus i ncreased ewe m i lk  production and the 

secretion  rates of protein and lactose by 2 1 , 1 2  and 1 2% respectively du r ing mid 

and late lactation .  Wool growth is dependent upon absorption of EAA f rom the 

small i ntestine,  specifical ly the avai lab i l ity of sulphur-contai n ing amino acids (SAA; 

Reis ,  1 979) . Wang et al. ( 1 994) showed that CT in L. corniculatus reduced 

degradation of SAA i n  the rumen, i ncreased i rreversible loss ( I RL) of cysteine from 

blood p lasma and i ncreased the f lux of cyste ine to body synthetic reactions . 

Hence , some of the g reater response i n  lamb growth and both lamb and ewe wool 

production in sheep grazing lotus vs . their  counterparts grazing pastu re in the 

present study, was probably due to the effects of CT in reduci ng rumen protein  

degradabi l ity and in i ncreas ing absorption of EAA from the smal l  i ntestine .  These 

f ind ings are consistent with the responses described previously by Douglas et al 

( 1 995) and Wang et al. ( 1 996a) . 

One of the objectives of th is experimental programme was to determ ine if use of 

CT -contain ing L. corniculatus cou ld resu lt i n  l ess anthelm intic drench use. Hence ,  

ewes and their lambs grazing L .  corniculatus were compared with s im i lar ewes 

grazing perenn ial ryegrass/white clover pasture, i n  the absence of pre- Iambing 

anthe lm intic d rench ing.  I n  the case of ewes, th is was successfu l ,  with ewes 

graz ing L. corniculatus having consistently lower dag scores and a lower PPR in 

FEC than the ewes grazing pastu re, g iving lower levels of  forage contamination. 

For lambs, the correspond ing data was t ime-dependant ; up to day 70, both dag 

score and FEC were consistently lower for the lambs grazing L. co rnicula tus , but 

after d ay 70 these values for L. corniculatus-fed lambs either approached those of 
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pasture-fed lambs (Experiment 1 )  or tended to surpass them (Experiment 2 ) .  As 

day 70 is  close to weaning, it seems that lambs need to be changed to other eT­

conta in ing forages, or to plants contai n ing other secondary compounds,  for post­

weaning growth if sustainable systems are to be developed with low anthe lm int ic 

d rench input .  

The physio logy of nematode eggs and infectivity of nematode larvae (L3 stage) 

that surv ived over winter cou ld be disrupted by both the period of exposure to eT 

on L. corniculatus prior to the start of the study (Molan et al. , 2000) and by 

inh ib it ion of larval mot i l ity in  the d igestive system after ingestion of the infective L3 

stage . Thus, the intake of the i nfective larvae derived in most part from the PPR of 

lactati ng ewes during the experimental graz ing could have been less on L. 

corniculatus vs . pasture. In vitro data from Molan et al. ( 1 999,  2000) showed that 

eT extracted f rom L. pedunculatus, L .  corniculatus, su l la ( Hedysarum coronarium) 

and sai nfo in (Onobrychus viciifolia) reduced the moti l ity of infective L3 internal 

paras ite- larvae of both sheep and farmed deer and also d isrupted development of 

eggs and larval mou lts . 

It is also l ikely that ewes and growing lambs fed L. corniculatus cou ld  have had an 

improved immune response to parasite chal lenge due to the higher p rotein  i ntake 

and the h igher amount of EAA absorbed from the smal l  i ntestine .  The positive 

response of the immune system to protein i ntake has been shown in previous 

metabol ism stud ies with ewes (Houdijk et al. , 2000) and lambs (Abbott et al. , 

1 988) . L ikewise, after m id lactat ion, the higher LWG in  lambs grazing L. 

corniculatus showed that i n  spite of the increased FEe values,  young lambs coped 
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with further i nfect ion by continu ing to i ncrease their growth ,  i n  contrast to the 

conventional perenn ial ryegrass/wh ite c lover pasture. 

Table 2.6. Comparative performance of drenched (0) and u ndrenched (UO) 
l actating ewes and their l ambs grazing Lotus corniculatus L . ,  lucerne 
(Medicago sativa) or pastu re (Lolium perenne/Trifolium repens) . 

Plant fed 

Lotus Lucerne 
corniculatus 
0 UD 0 UD 

Liveweight gain (d/day) 

Ewes 
- 89 

251 59 

67 

87 

1 1 7  

Lambs 
2 1 0  

275 263 

231 

258 

247 

Wool growth (mg/1 00 cm2 per day) 

Ewes 1 33 1 23 

1 32 

Greasy fleece weight (kg) 

Ewes 1 .80 

4.22 

1 .69 

Lambs 1 . 1 7  

1 . 1 7  

a Mean values from two consecutive experimental years. 
b Mean values from a 23 factorial experimental design.  
C Present study. 

Pasture 

0 UD Reference 

35 a Rattray et al. ( 1 982) 

- 1 99 b McCall et al. ( 1 986) 

Douglas et al. ( 1 995) 

Wang et al. ( 1 996a) 

75 Litherland et al. ( 1 999) 

74 c Experiment 1 

36 c Experiment 2 

2 1 0  a Rattray e t  al. ( 1 982) 

2 1 3  b McCall et al. ( 1 986) 

Douglas et al. ( 1 995) 

Wang et al. ( 1 996a) 

2 1 7  Litherland et al. (1 999) 

1 89 c Experiment 1 

1 62 c Experiment 2 

Douglas et al. ( 1 995) 

Wang et al. ( 1 996a) 

1 .65 a Rattray et al. ( 1 982) 

1 .65 b McCall et al. ( 1 986) 

4.07 c Experiment 1 

1 .43 c Experiment 2 

0.98 c Experiment 1 

0.8 1 c Experiment 2 
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Table 2 .6 h igh l ights the elevated nutritive value of L. corniculatus o n  commercial 

d ryland farmi ng during ewe lactation .  Therefore, use of CT-act ing L .  corniculatus 

duri ng spring under dryland conditions may i ncrease sheep productivity better than 

lambs grazing non-CT-contain ing forages , with a substantial reduction of the 

perceived risk of chemical residues and so improve the qual ity of the sheep meat 

in  the market. 

Grazing studies with the CT -contain ing legume su l la (N iezen et al. , 1 998) and 

chicory (Cichorium intybus cv. Puna; Scales et al. , 1 995) ,  a herb that contains low 

concentrations of CT and other secondary compounds, inc luding sesqu iterpene 

lactones, f lavonoids, coumarins and caffeic acid derivat ives (Rees and Harborne,  

1 985) ,  showed h igher g rowth of post-weaned parasitized lambs and deer with 

reduced FEC values and reduced worm burdens compared to lambs and deer 

grazing other forages (Hoskin et al. , 1 999 ;  Barry, 1 998 ; Barry et al. , 2002) . Part of 

the response to chicory may be due to its tal ler plant morphology, lead ing to 

reduced i ngest ion of L3 infective larvae (Moss and Vlassoff, 1 993) .  

Quantitative assessment of the i ntensity of the parasite i nfect ion to trigger 

drenching has tradit ional ly been based on FEC values and subjective visual dag 

score. Results from the present study showed good corre lat ions between dag 

score and both wet dag and dry dag weight, for both ewes and lambs grazing both 

pasture and L. corniculatus, giving a h igh degree of confidence in  the use of  visual 

dag score as an index of dag weight. However, there were no relat ionships 

between FEC and any of the measurements of dag product ion for either ewes or  

lambs grazing pasture, suggesting that other factors may have inf luenced dag 
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formation in sheep consu m ing this forage. The most l ikely factors are the 

endophyte (Neotyphodium lolii) alkaloids produced in perenn ial ryegrass, 

especial ly ergoval ine,  which are known to i ncrease both faeces moistu re content 

and dag format ion in sheep (F letcher et al. , 1 999) .  The concentrat ion of endophyte 

alkaloids increases in perenn ial ryegrass during the spring and peak in summer, 

the same period that dag formation increased in both ewes and lambs grazing 

pasture i n  the present experiments. 

Positive correlat ions between  FEe and measurements of dag formation were 

s ign ificant, but weak, in three out of fou r  data sets for sheep grazing L. 

corniculatus, suggest ing that in  this case reductions in FEe were more l ikely to 

lead to reductions in dag formation.  Feed ing experiments with parasitized sheep 

fed L. corniculatus or high endophyte ryegrass cv. N u i  (Leathwick and Atkinson, 

1 995) and ryegrass/white clover (Leathwick and Atkinson,  1 998; N iezen et al. , 

1 998 ;  Robertson et al. , 1 995) showed fewer dags on L. corniculatus vs . ryegrass. 

S im i lar resu lts were reported by N iezen et al. (1 995) ,  when parasitized sheep were 

grazing su l la compared with the ir  counterparts grazing l ucerne. 

Alternat ive approaches are necessary to develop paras ite epidemiology in pastoral 

farming systems where forages contain ing eT and other secondary compounds 

are part of the grazing system .  The primary i nterest d u ri ng the last few decades 

has been to develop sustainable farm i ng systems with low chemical inputs, 

environmental protection and competitive outputs to meet market opportun it ies. 

Resu lts from our  study show that the bio logical feas ib i l ity of L. corniculatus for 

sheep organic farmi ng practices is  related to the reduced anthelm int ic drenching 
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u se, although the reduced dag formation in sheep grazing L corniculatus may also 

translate into less insecticide being needed to contro l  f ly strike . Consequently, 

there wi l l  be envi ronmental , human health and economic benefits because clean 

animal production on L corniculatus cou ld al low New Zealand to increase f inancial 

retu rns on an estimated international lamb export market of NZ $2.4 b i l lon ,  whi lst 

animal production systems from margi nal areas in  developing cou ntries cou ld  be 

i mproved to reduce poverty levels through transferring th is techno logy by 

col laborative scientific programmes. 

These studies have shown that L corniculatus can be used in d ryland farming 

systems to i ncrease lamb growth and woo l  production during the spring/early 

summer lactation period , in the absence of pre- Iambing anthelm intic drenching,  

thereby i ncreasing both lamb wean ing weight and the proportion of lambs that can 

be drafted early for slaughter. Lower levels of dag formation in sheep graz ing L 

corniculatus may reduce the need for insecticide treatment to control f ly strike . 

As both FEC and dag scores were r ising in L corniculatus-fed lambs from day 70, 

the integrat ion into the g razing system of the legume su l la (Terri l l  et al. , 1 992a; 

N iezen et al. , 1 995) and the herb ch icory (Scales et al. , 1 995;  Barry, 1 999) with 

h igh feeding value and greater opportun ity to control gastro intest inal nematodes, 

needs to be considered for post-weani ng nutrit ion to reduce the r isk of anthelm int ic 

d rench resistance and to g ive more sustainable g razing systems.  

Further work is requ ired to understand the epidemiology of nematode infections of 

sheep grazing plants containing CT and other secondary compounds,  to def ine 
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effects due to the secondary compounds and also those attribute to d ifferences i n  

p lant morphology and density (Knapp, 1 964) . Add itional ly ,  further studies are 

needed in d ryland farming condit ions to compare the growth of weaned lambs 

grazing L. corniculatus and perenn ial ryegrass/white c lover pastu re at h igh 

a l lowances over the summer/autumn period, with reduced rel iance on anthe lm int ic 

d rench i ng ,  to study the poss ib i l it ies of L. corniculatus as a special ist feed for a 

more ecological ly sustainable production system under hotter conditions than used 

in the present studies. 
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CHAPTER THREE 

ABSTRACT 

Two grazing experi ments were conducted over 9 .5 month periods of 2001 and 

2002 at Massey U n iversity's R ivers ide dryland farm , in the Wairarapa, New 

Zealand. D ry co nditions occur  during the summer-autumn and were more severe 

in Experi ment 1 than in Experi ment 2. The experiments com pared effects of 

grazing ewes on Lotus corniculatus L. (birdsfoot trefo i l ;  cv. Grasslands Goldie) 

versus peren nial ryegrass (Lolium perenne)/wh ite clove r (Trifolium repens) pasture 

for 9 weeks (Experiment 1 )  and 1 1  weeks (Experi ment 2) du ring late 

summer/autu mn ,  including the mating pe riod. Experi ment 2 also investigated the 

length of t ime (days) that ewes need to graze L. corniculatus before mating to 

maxi m ise reproductive performance. 

I n  Experi ment 1 ,  shorn mixed age Romney ewes in l ight condit ion (mean LW 56 .2 

kg) were rotational ly grazed on L .  corniculatus (n = 1 00) or pasture (n = 1 00) at a 

herbage al lowance of 1 .8 kg g reen OM/ewe/day for the fi rst three weeks of 

feeding,  increased to ad libitum (2.3 kg green OM/ewe/day) during the mating 

period for two cycles .  In  Experiment 2 ,  groups of 75 ewes grazed L. corniculatus 

for 42, 2 1 , 1 0  and 0 days before synchron ised oestrous, with perennial ryegrass­

wh ite clover pasture being grazed for the balance of the 42 days. All L. 

corniculatus groups contin ued grazing L. corniculatus for a further 5 weeks. Feed 

al lowance was in it ia l ly 2.0 kg green OM/ewe/day, i ncreased to 2 .3  kg green 

OM/ewe/day during the mating period over two cycles. At the end of L. 

corniculatus feeding i n  both experi ments the g roups we re combined and grazed on 

pasture du ring pregn ancy and lactation unt i l  wean ing. 
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Total condensed tann in  (CT) concentration in the diet selected was 1 8  to 29 g 

CT/kg OM for lotus ,  with only trace amounts i n  pasture .  In vitro organic matter 

digest ib i l ity (OMO),  d igestible organic matter in d ry matte r  (OOMO) ,  and estimated 

metabol isable energy concentrat ion (ME) were h igher for L. corniculatus than for 

pastu re, whi lst the concentration of neutral detergent f ibre (NOF) was lower for L. 

corniculatus than in  pastu re ,  with these d ifferences being greater in  Experiment 1 

than i n  Experiment 2. 

I n  Experiment 1 mating ewes on L. corniculatus increased the number of lambs 

born and lambs weaned per ewe lambing by 1 6  and 32% u n its respectively ( P  < 

0 .05) ,  due to more mu ltip le and less single b i rths (P = 0. 06) and to reduced lamb 

mortal ity (P  < 0.05) .  In Experiment 2 ,  i ncreased days of graz ing L. corniculatus 

before ovu lation (0 , 1 0 , 2 1 , 42 days) l inearly increased ovu lat ion rate (P  < 0.05) ,  

number of  lambs born and lambs weaned by up  to 1 6% un its, but  had no effect 

upon lamb mortality. Mating ewes on lotus i ncreased wool product ion ( P  < 0 .01 ) 

and fibre length (P  < 0.05) in Experiment 1 but not in  Experiment 2 .  Grazing L. 

corniculatus had no effect on lamb b i rth weight and only smal l  positive effects on 

weaning weight. 

It was concluded that ,  under commercial dryland farming cond itions, the use of L. 

corniculatus duri ng the mating season in late summer/autumn can be used to 

increase reproductive efficiency and wool product ion, with the largest responses in 

years with exceptional ly dry autumn periods. These effects are probably due to the 

h igher d igest ib i l ity and estimated ME concentration of L. corniculatus than pasture 
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and to the CT in L. corniculatus im proving both protein digestion and absorpt ion.  

Effects of forage CT upon the uteri ne m icroenvironment at the t ime of conception,  

imp lantation and early foetal growth need to be invest igated in futu re stud ies. 

Keywords: Lotus corniculatus, condensed tan nins, perenn ial ryegrass/wh ite clover 

pasture, reprod uctive efficiency, lamb viab i l ity, dryland farm i ng systems. 

Abbreviations: AN OVA, analysis of variance ; BA, break area; BCAA, branched 

chai n amino acids ; CI DR, contro l led intravag inal re lease device ; CL, corpora lutea; 

CT, condensed tan n ins; cv, cu ltivar; OM, d ry matter; DOM D, digestible organic 

matter in the d ry matter (g)/1 00 g D M ;  EAA, essential amino acid ;  FA, feed 

a l lowance ; HM he rbage mass; LW, l ive weight; LWG , l iveweight gai n ;  rn ,  metre ; 

ME,  metabol isable energy; MJ , mega joules; NDF, neutral detergent fibre; NL, no 

OMD organic matter digest ib i l ity; OR, ovu lation rate ; PA, proanthocyan idins;  PEG , 

polyethylene g lyco l ;  pH ; acid ic or alkal i  degree; RDN, rumen degradab le n itrogen;  

RDP,  ru men degradable prote in ;  SAA, su lphur-containing amino acids; SAS, 

Statistical Analysis System; VFI , vo lu ntary feed i ntake . 

3.1  INTRODUCTION 

Short periods of improved nutrient supply before and during mating and 

reproduction have been found to increase ovu lation rate (OR) along with increased 

fo l l icle size and/or nu mber (Bel lows et al. , 1 963), reduce late fol l icular atresia 

(H aresign,  1 981 ; Down ing and Scaram uzzi, 1 991 ) ,  and alter p lasma 

gonadotrophin concentrat ion (Smith,  1 988) and ovarian sens itivity to 
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gonadotrophins (Down ing and Scaramuzz i ,  1 99 1 ) .  These effects probab ly occur  as 

a resu lt of changes in l ive weight and body condit ion (Al ien and Lam ming,  1 961 ; 

Coop, 1 962 ; Kn ight, 1 980) , energy and protein i ntake and protein  absorption from 

the small i ntest ine (Knight, 1 980 ; Sm ith,  1 985; Cruickshank et al. , 1 988; Smith . ,  

1 991 ; Min et al. , 1 999 ; 2001 ) ,  plasma concentrat ions of essential amino acids 

(EAA) , principal ly branched chai n amino acids (BCAA) (Waghorn , 1 986;  Waghorn 

et al. , 1 990; Downing et al. , 1 995) , and levels of p lasma metabol ic hormones 

(especial ly i nsu l i n ;  Downing and Scaramuzzi , 1 991 ; Downing et al. , 1 995) . 

Temperate forages are characterised by high concentrations of prote in ,  h igh  

d igest ib i l ity and a low concentrat ion o f  soluble carbohydrates (U lyatt, 1 98 1 ; 

Waghorn and Barry, 1 987) . A large part of the dietary protein is hydrolysed i n  the 

rumen to ammonia, some of which is  re- incorporated i nto m icrobial protein .  Excess 

ammonia is  absorbed from the rumen and metabol ised to urea in the l iver, lead ing 

to i ncreased p lasma ammonia and u rea concentrat ions (Kenny et al. , 2000 ; 

O'Callaghan et al. , 2000; Min et al. , 2001 ) .  I n  other studies increased d ietary 

rumen degradable n it rogen (RDN) i ntake has s im i larly i ncreased plasma u rea 

concentration ,  lead ing to i ncreased concentrations of ammonia and u rea in p lasma 

i n  the utero-oviductal m icroenvi ronment (McEvoy et  al. , 1 997) and uterine 

secretions (Jordan et al. , 1 983) ,  decreased uteri ne pH (E lrod and But ler ,  1 993) 

i mpaired viabi l ity of sperm (Dasgupta et al. , 1 971 ; Umezaki and Fordney-Sett lage,  

1 975) and oocytes (Fahey et al. , 1 998; O'Cal laghan and Boland, 1 999) , decreased 

fert i l izat ion rate and reduced embryo su rvival and embryonic development in cows 

(Blanchard et al. , 1 990) and ewes (McEvoy et al. , 1 997;  Fahey et al. , 1 998) . 
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Condensed tann ins (CT) or proanthocyanid ins (PA) are polyphenol ic compounds, 

which are present i n  the leaves and stems of a number of forage plants ,  inc luding 

Lotus corniculatus L. (bi rdsfoot trefoi l ) ,  L .  pedunculatus (b ig trefo i l ) ,  Hedysarum 

coronarium (su l la) ,  Lespedeza cuneata (sericea lespedeza) and Onobrychis 

vicifolia (sainfoin)  (McLeod , 1 974; Foo et al. , 1 982; Barry, 1 989) .  The reactivity of 

CT with proteins is based upon two mechanisms,  hyd rogen (H)  bond ing ,  which is 

revers ib le ,  and oxidative coupl ing, which is  not reversible (McLeod, 1 974; Swain ,  

1 979) . Most of  the positive effects of CT i n  rum inant nutrition are associated with 

its great affin ity for leaf protein after masticat ion (Jones and Mangan , 1 977) . The 

CT-protein  complexes are stable at rumen pH (6.0-7.0) but then release protein  at 

pH  < 3.5 in  the abomasum and smal l  intest ine for hydrolysis and absorpt ion (Jones 

and Mangan, 1 977) . 

Waghorn et al. (1 987) showed that CT in L .  corniculatus marked ly decreased 

rumen protein degradabi l ity and ammonia formation, and i ncreased both the f lux of 

EM (52%) through the abomasum and thei r  absorption (62%) from the smal l  

i ntesti ne. Subsequent grazing experiments with sheep showed that CT in L. 

corniculatus i ncreased both ovu lation rate and lambing percentage (20-27%) (Min 

et al. , 1 999,  2001 ) ,  and woo l growth by up to 1 1  % du ring summer (Wang et al. , 

1 996; Min  et al. ,  1 998) ,  without affecti ng vo luntary feed i ntake (VFI) .  

The objectives of the present study were to measure i n  two consecutive years ( i )  

the effects of graz ing ewes in a commercial d ryland farmi ng system on L. 

corniculatus over the mating period upon reproductive eff iciency and ( i i )  to def ine 

the length of t ime (weeks) that ewes need to g raze L. corniculatus before mat ing to 
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maximise reproductive performance. Effects on ewe wool production and 

l iveweight gain of their lambs to weaning were also measured. 

3.2 MATERIALS AND METHODS 

3.2. 1 .  Experimental design 

Two graz ing experiments were carried out over the seasonal production of 2001 

and 2002 at Massey University's R ive rs ide farm in  the Wairarapa, on the East 

Coast of the North Is land of New Zealand. Drought condit ions normal ly occur on 

the farm during summer-autu mn periods (Jan - March) .  Experi ment 1 was 

conducted from 1 3  February 200 1 to 1 9  November 2001 (279 days) .  Experi ment 2 

co mmenced on 1 February 2002 and f in ished on 1 3  November 2002 (285 days) .  

Experi ment 1 compared groups of 1 00 shorn mixed-age Rom ney ewes in  LW l ight 

condition grazing swards of L. corniculatus (cv. Grasslands Goldie) (CT-acti ng) 

(57.0 ± 0 .63 kg) or perennial ryegrass (Lolium perenne)/wh ite clove r ( Trifolium 

rep ens) pasture (non-CT -contai n ing) (55.4 ± 0.63 kg) for fo ur weeks prior to mat ing 

and for two oestrous cycles dur ing mating ( 1  :50, ram : ewe rat io) ,  last ing for a total 

of 63 days. In Experiment 2, g roups of 75 m ixed-age oestrus synchronised 

Romney ewes grazed L. corniculatus swards for 42 (55 .5  ± 0.84 kg) ,  21  (55.5  ± 

0.87 kg) and 1 0  (55.3 ± 0.87 kg) days before mating and then for a further 33 days 

during mating (1 :40, ram : ewe ratio) , whi lst 75 ewes (55.2 ± 0.89 kg) grazed 

pasture as a control group during the whole period . I n  both experime nts ewes 

grazing each forage were fed at the same dry matter (OM)  al lowance in weekly 

breaks . At the end of L. corniculatus feed ing,  al l the ewes were combined i nto a 
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single group and grazed on pasture unti l  the end of the experi ment at weaning i n  

November. 

Reproductive efficie ncy in Experi ment 1 was def ined as scan n ing rate (foetus/1 00 

ewes mated) ,  pregnancy rate (ewes pregnantl1 00 ewes mated) and fecund ity 

(percentage proportion of lambs bo rn/ 1 00 ewes lambing) . I n  Experiment 2 ,  

reproductive efficiency was measured as ovu lation rate (corpora lutea (CL)/1 00 

ewes mated) i n  the f i rst synchronised oestrous cycle using laparoscopy and as 

lambing percentage ( lambs born/1 00 ewes lambing) . 

3.2.2. Climatic factors 

Annual ra infal l and seasonal variation i n  both rai nfal l  and soi l temperatures (at a 

depth of 1 0  cm) were recorded at the farm during the two co nsecutive years . 

Summer cond it ions were characterised by low rainfal l and h igh te mperatu res 

during January - March in both years (Table 3 . 1 ) ,  with condit ions being hotter and 

drier in  Expe riment 1 than in Experiment 2. 
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Table 3 .1 . Annual rainfal l  (mm) and seasonal soi l  ( 1 0 cm) and a i r  temperatu res 
during two consecutive years at Massey Un ivers ity's Rivers ide farm , i n  
the Wai rarapa on the East Coast o f  the Southern North Is land, New 
Zealand. 

Annual rainfall (mm/ m2) 

Summer / autumn:  

Rainfall (mm/ m2) 

No of rain days 

Mean daily max soil temp (0 C) 

Mean daily min soil temp t C) 

Mean daily max air temp (0 C) 

Mean daily min air temp t C) 

3.2. 3. Forages 

Experiment 1 

(2001 ) 

1 005 ± 1 3 .67 

1 42 ± 1 0.02 

1 3  

22 

1 4  

24. 1  

1 1 . 1 

Experiment 2 

(2002) 

995 ± 1 1 .7 1  

222± 2 . 1 7  

1 8  

2 1  

1 2  

2 1 .7 

1 1 .6 

I n  both experiments pure vegetative L. corniculatus (b i rdsfoot trefo i l )  and perenn ial 

ryegrass-white c lover (Lolium perenne/Trifo l i um repens) pastu re were grazed. N i ne 

hectares of L. corniculatus were used for Experiment 1 ,  and an addit ional 5 ha 

were estab l ished for Experiment 2 .  Surp lus areas of L. corniculatus and pastu re 

were l ightly g razed by commercial f locks of sheep and catt le or topped 

mechan ical ly to stimu late vegetative g rowth and maintain qual ity. 

Measu rements of pre-grazing and post-grazing herbage mass and botanical 

composit ion were determined for each weekly break by cutt ing 8 random quadrats 

(0 . 1 80 m2) per break of each forage to g round level .  Samples were washed and 

dried overnight (1 6 h) in  a forced-air oven (Contherm ; Thermotec 2000;  New 

Zealand) at 800 C. 
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Six wire mesh cages meas u ri ng 1 .4 x 0 .9 m were placed in each break 

im mediately before sheep were i ntroduced for grazing. At the end of grazi ng each 

break, the cages were removed and the fo rage was hand plucked down to a leve l  

correspond ing to that eaten by the animals (diet selected) .  These samples were 

poo led and stored at - 20° C for nutritive val ue analys is .  

3.2.4. Grazing management 

3.2.4. 1 .  Experiment 1 

Ewes were rotational ly grazed on  L. corniculatus or pastu re at a feed al lowance of 

1 .8 kg green OM/ewe/day (green OM = total d ry matter - dead matter) for the f i rst 

three weeks .  The al lowance was then i ncreased to ad libitum (2.3 kg green 

OM/ewe/day) during the mating period for two cycles. Weekly breaks were used in 

both swards,  with front and back electric fences . The area of each weekly break 

was calcu lated as : 

7 days x n x FA 

E3A :: -----------------------

H M  

Where HM i s  herbage mass (kg OM/ha) , E3A is  break area (ha) ,  n i s  n u mber of 

ewes, and FA is feed allowance per head per day (kg) .  This management was i n  

order to  provide vegetative, h igh qual ity forage at a l l  t imes. Ewes and rams had 

free access to water. 
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3.2. 4.2. Experiment 2 

A group of 75 ewes grazed L. corniculatus for 42 days before mat ing and two 

groups each of 75 ewes g razed perenn ial ryegrass/white clover pastu re for 2 1  and 

32 days before being transferred to L. corniculatus (grazing 21 and 1 0  days on L. 

corniculatus before mating) . Another group of 75 ewes grazed on pasture as a 

control group .  Feed al lowance was i n it ial ly 2 .0  kg green OM/ewe/day and 

i ncreased to 2.3 kg green OM/ewe/day during the mating period over two cycles.  

3.2.5. Animal measurements 

3. 2.5. 1 .  Experiment 1 

Ewes were weighed (lru-test, Auckland, New Zealand) and cond ition scored 

(Jefferies, 1 961 ) at the start of the experiment and at two-weekly i ntervals unt i l  the 

end of the mat ing season and then at monthly i ntervals unt i l  the end of the 

experiment. Mating was undertaking us ing harnessed rams, with ewes marked 

recorded at five-day i ntervals. All ewes were pregnancy d iagnosed at 60 days after 

the m id point of the mat ing period by trans-abdominal u ltrasonography us ing a 3 .5  

MHz sector scanner. Dam , birth weight and birth rank (s ingle or  m u lt ip le) were 

recorded at lambing. Number of lambs surviving at docki ng and at wean ing ,  and 

weaning weights were also measured.  Ewes were shorn at weani ng in late 

November, and f leece we ight, and staple length were recorded . 
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3.2. 5.2. Experiment 2 

Al l  ewes were weighed and condit ion scored as i n  Experiment 1 .  Oestrus was 

synchron ised using contro l led intravaginal release devices (C IDR;  Pharmacia & 

Upjohn ;  contain ing 0.3 g progesterone) . C IDR's were i nserted into al l  ewes for 1 2  

days of the fi rst ovu latory cycle prior to i ntroduction of rams. Ewes were mated 

us ing harnessed rams ,  which remained out for two cycles. Ovu lat ion rate was 

determined by count ing corpora lutea during cycle one using laparoscopy (Kelly 

and Al l ison,  1 976) , seven days after the start of the oestrus period . Dam, b i rth 

we ight, b irth rank and lamb viab i l ity from lambing to weaning were recorded . Wool 

production from ewes and stap le length were also measured at wean ing in  late 

November. 

3. 2. 6. Laboratory analyses 

3.2. 6. 1 . Forages 

Al l  samples of d iet selected were stored at - 200 C and freeze-dried us ing a 

Cuddon 061 0 freeze d rier (W .G .G .  Cuddon LTD ,  S lenheim ,  New Zealand) ,  and 

ground to pass a 1 mm diameter s ieve (Wi ley m i l l ,  Swedesboro, USA) before 

laboratory analysis .  Total n it rogen (N) was determined by the Dumas p ri nciple 

(Leco CNS 2000 Analyser, Model 602 600 200, USA) . Neutral detergent f ibre 

(NDF) was determined by the detergent system of Robertson and Van Soest 

( 1 981 ) ,  with alpha amylase (SDH ,  Poole, UK) being added duri ng NDF extract ion. 

Sod ium su lph ite was not added. Acetone/water-extractable, protein-bound and 

f ibre-bound CT fractions in  forages were determined using a butanol-HCL 
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colorimetric procedu re (Terri l l  et al. , 1 992) , with total CT concentration being 

reported . A l l  CT concentrat ions were determined us ing CT extracted from Lotus 

pedunculatus as a standard reference (Jackson et al. , 1 996) . In vitro organic 

matter d igest ib i l ity (OMD) and d igestible OM in the OM (DOMD) were measu red 

us ing the enzym ic procedure of Roughan and Hol land ( 1 977) , with samples from in 

vivo d igestib i l ity trials used as standards,  with pastu re standards used for the in 

vitro determination of pasture samples, and L. corniculatus standards used for the 

in vitro determination of L. corniculatus samples. 

3.2. 6.2. Wool samples 

F leece we ight was recorded in both Experiments by shearing the ewes at weaning.  

Wool  samples (40 g) from both left and right m id-side areas were used to measu re 

stap le length (cm) from each animal by measuring the length of 1 0  randomly 

chosen unstretched staples along a ru ler. 

3.2. 7. Statistical analyses 

I n  Experiment 1 ,  d ifferences in forage chem ical composit ion ,  forage botanical 

composit ion ,  pre-graz ing and post-grazing herbage mass,  VFI, dai ly l iveweight 

gain ,  change in condit ion score , greasy f leece weight and staple length between 

pastu re and lotus were assessed using the M IXED procedu re of  the SAS statistical 

package (SAS, 2001 ) .  Repeated measurements of l ive weight (LW) and cond it ion 

score in the same animal were analysed us ing PROC MIXED (SAS, 2001 ) .  T he 

l inear model included the f ixed effects of day, forage type and the forage type by 

day i nteract ion,  and the random effect of animal .  Us ing the Akaike's i nformat ion 
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criterion , a compound symmetric error structure was determined as the most 

appropriate residual  covariance structu re for repeated measu res over t ime with in 

an imals (L itte l  et al. , 1 998) . 

Least square means and their  standard errors for l itter size at scanning and 

number of lambs born were obtained with the MIXED procedure in SAS (200 1 ) 

with the variable f itted being forage type. Chi-square test was performed us ing 

PROC FREQ (SAS, 2001 ) to test for s ign if icant d ifferences between forages i n  the 

frequency of lambs at docking and at wean ing. Values for conception rate , 

fecundity (s ingles or mu lt iples at lambing) and mortal ity at weaning were analysed 

us ing the PROC GENMOD (SAS, 200 1 ) with logit transformation assuming a 

b inomial  d istribut ion.  The model incl uded the fixed effects of forage type. Data for 

lamb b i rth weight and weaning weight were performed us ing PROC MIXED (SAS, 

2001 ) .  The l i near model  included the fixed effects of  forage, sex, b irth rank and the 

i nteraction among them . 

I n  Experiment 2 ,  differences in  forage chemical composit ion ,  forage botan ical 

composit ion, pre-grazing and post-grazing herbage mass, VF I ,  dai ly l iveweight 

gain ,  change in condition score, greasy f leece weight and staple length between 

treatments (0, 1 0 , 21 , 42 days grazing on L. corniculatus before ovu lation) were 

assessed us ing the M IXED procedu re of the SAS statistical package (SAS, 2001 ) .  

Repeated measurements of l ive weights and cond ition scores on the same animal  

were analysed using the MIXED procedu re of SAS (2001 ) .  The l i near model 

i ncluded the f ixed effects of treatment ,  day, breed,  the i nteraction between 

treatment, breed and day i nteraction, and the random effect of an imal .  A 
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compound symmetric error structure was found to be more appropriate for the 

data. 

Ovu lation data analysed in terms of CL /ewes mated, l itter  size at lambing,  survival 

at 24 hours ,  percentages of lambs at docking and at weaning ,  and reproductive 

wastages were performed using PROC MIXED (SAS, 2001 ) .  The l inear model  

considered the f ixed effects of  treatment.  Means and standard errors for mortal ity 

at wean ing were estimated using the PROC G ENMOD (SAS, 2001 ) with log it 

transformation assuming a binomial d istribution with the variable fitted be ing 

treatment. Corre lations between LW, dai ly  l iveweight gain ,  body condit ion score 

and OR (square-root transformed ; Snedecor and Cochran, 1 980) ; were analysed 

us ing PROC CORR (SAS, 2001 ) .  

3.3 RESULTS 

3. 3. 1 .  Forages and botanical composition 

Both L. corniculatus and pastu re swards were i n  the vegetative growth stage 

throughout the experiments. Pre-grazing herbage mass was s im i lar between 

treatments i n  Experiment 1 ,  but h igher for  L .  corniculatus than for  pastu re forage in  

Experiment 2 .  I n  contrast, post-grazi ng pasture mass was lower for  L. corniculatus 

than for pastu re in  both Experiments (Table 3.2) .  Pre- and post-grazing dead 

matter content was consistently greater in pasture than in L. corniculatus at the 

same stage of both experiments. For both L. corniculatus and pasture swards, leaf 

was the main component of the d iet selected i n  both experiments, with s mal l  

amounts of  stem and wh ite clover being consumed. 
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Table 3.2. Pre-grazing and post-grazing herbage mass (t OM/ha) and plant components of Lotus corniculatus L. (bi rdsfoot 
trefo i l ;  cv. Grasslands Goldie) and perennial ryegrass/wh ite clover (Lolium perenneiTrifolium repens) pastu re 
that were g razed during mat ing i n  2001 (Experiment 1 )  and i n  2002 (Experiment 2) on the East Coast i n  New 
Zealand . 

Experiment 1 

Pasture Lotus 

Pre-grazing Post- Pre-grazing 
(n = 1 0) grazing (n = 9) 

Herbage mass 2.00 ± 0.28 1 . 1 4  ± 0. 1 4  1 .98 ± 0.30 

Green DM 1 .27 ± 0.27 0.50 ± 0. 1 2  1 .67 ± 0.28 

Dead matter 0.72 ± 0.07 0.64 ± 0.75 0.30 ± 0.07 

t 36.0 56. 1  1 5.0 

Leaves 0.88 ± 0. 1 4  0.29 ± 0.07 1 .04 ± 0. 1 4  

Stems 0.22 ± 0. 1 1  0. 1 5 ± 0. 1 1 0.45 ± 0. 1 2  

White clover 0.08 ± 0.09 0.03 ± 0.03 0.03 ± 0.09 

Weeds NL NL 0.01 ± 0.08 

(n) Means are for weekly breaks with their standard errors. (S.E .M) .  
NL;  No LS means were obtained because no weeds were present. 
t % of total herbage mass. 

Post-
grazing 

0.90 ± 0. 1 5  

0.37 ± 0. 1 3  

0.54 ± 0 .79 

60.0 

0.03 ± 0.08 

0.28 ± 0. 1 2  

0.03 ± 0.03 

NL 

Experiment 2 

Pasture Lotus 

Pre-grazing Post- Pre-grazing Post-
(n = 1 1 )  grazing (n = 1 1 )  grazing 

3.07 ± 0.27 1 .60 ± 0. 1 4  3.86 ± 0 .27 1 .34 ± 0. 1 4  

2.55 ± 0.25 1 . 1 2  ± 0. 1 2  3 .50 ± 0 .25 0.92 ± 0. 1 2  

0.52 ± 0.07 0 .47 ± 0.71 0.36 ± 0.07 0.42 ± 0.71 

1 6.9 29.4 9.3 3 1 .3 

1 .90 ± 0. 1 3  0.66 ± 0 .74 1 . 1 4 ± 0. 1 3  0.09 ± 0.07 

0.27 ± 0. 1 1 0.33 ± 0. 1 1  1 .38 ± 0. 1 1 0.74 ± 0. 1 1 

0.25 ± 0.08 0 .08 ± 0.03 0.3 1 ± 0 .08 0.05 ± 0.03 

0.06 ± 0.07 0.01 ± 0.03 0.09 ± 0.07 0.01 ± 0.03 
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3.3.2. Chemical composition 

Total N concentration was h igher for L. corniculatus (P  < 0.00 1 ) than for pasture i n  

Experiment 1 (Table 3 .3 ) ,  whi lst NOF  concentrat ion was cons istently lower fo r  L .  

corniculatus than for pasture in  Experiment 1 (P  < 0 .001 ) and i n  Experiment 2 (P  < 

0 .05) . Total CT concentration in  L. corniculatus swards was 1 8.4  g CT/kg OM in  

Experiment 1 and 28 . 6  g CT/kg OM in Experiment 2 ;  in  both experiments on ly 

trace amounts of total CT were detected i n  pasture. Most CT i n  the L. corniculatus 

i n  Experiment 1 (58.6%) and Experiment 2 (63.7%) was read i ly extractab le ,  with 

much smal ler amounts being prote in-bound (33.8% and 29.2%) or f ibre-bound 

(7.9% and 7%) respectively. In vitro OMO,  OOM O  and estimated metabo l isable 

energy concentrat ion (ME) were al l  h igher (P < 0 .001 ) for L .  corniculatus than for 

pasture i n  both experiments (Table 3 .3 ) ,  with the d ifferences being larger in 

Experiment 1 .  

3.3.3. Live weight, wool production and wool characteristics 

I n  Experiment 1 ,  graz ing on L. corniculatus i ncreased l iveweight gain (LWG) over 

the mat ing period (P < 0.001 ) (Tab le 3 .4) and reduced the loss in body condit ion 

score (P < 0 .01 ) re lative to ewes that grazed pasture .  These d iffe rences persisted 

throughout pregnancy and up to the start of lambing, but had d isappeared by 

wean ing in  mid November (Fig. 3 . 1 ) .  Greasy f leece weight (P < 0 .0 1 ) and staple 

length (P < 0 .05) were greater at weaning i n  ewes that had grazed L. corniculatus 

for n ine weeks during the mating period (Table 3.4) .  
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Table 3.3. Mean values of total n it rogen (N) ,  neutral detergent fibre (NDF) ,  
condensed tann in (eT) ,  in vitro organic matter d igestib i l ity (OMD) and 
d igestib le organic matter in  dry matter (DOMD) , and est imated 
metabol isable energy concentration (ME ,  MJ/ kg OM) of d iet selected 
by sheep grazing perenn ial ryegrass/white clover (Lolium 
perenne/Trifolium repens) pasture or Lotus corniculatus L. during the 
mating season i n  two consecutive years under d ryland farming 
condit ions. Mean values with S .E .M .  

Experiment 1 

Pasture Lotus P 

(n = 1 0) (n = 9) 

Total N (g/kg DM) 1 8.4 ± 0 .82 28.4 ± 0 .82 

N D F  (g/kg DM) 563.6 ± 9.09 306.2 ± 9 .59 

(n = 3) a (n = 3) 

Total CT (g/kg DM) 1 .76 ± 1 .33 1 8.43 ± 1 .33 

Bound CT 

(% total CT) b 94 42 

(n = 1 0) c (n = 9) 

In vitro 

OMD 0.54 ± 0.007 0.72 ± 0.007 

DOMD 0.51  ± 0.007 0 .67 ± 0.008 

ME 8.32 ± 0. 1 1 1 0.93 ± 0. 1 2 

a Subsamples for CT analysis. 
b % Bound CT = ( (protein-bound + fibre-bound CT)/total CT). 
C Subsamples for in vitro analysis. 
M E  = DOMD x 1 6 .3 
NS: not sign ificant (P < 0 .05) . 
• (P < 0 .05). 
** (P < 0.0 1 ) .  
*** (P < 0.00 1 ) .  

Experiment 2 

Pastu re Lotus P 

(n = 1 0) (n = 1 0) 

25.5 ± 1 .59 26.0 ± 1 .59 NS 

460 .6 ± 1 8.99 397.4 ± 1 8.99 

(n = 5) (n = 5) 

1 .26 ± 2.26 28.62 ± 2.26 

70 36 

(n  = 1 0) (n = 1 0) 

0 .6 1  ± 0.01 1 0 .68 ± 0.01 1 

0 . 55 ± 0 .008 0 .63 ± 0.008 

9 . 1 0 ± 0. 1 4  1 0.35 ± 0 . 1 4  
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Table 3.4. Experiment 1 .  Effect of grazing ewes on perennial ryegrass/white clover 
(Lolium perenne/Trifolium repens) pasture or  Lotus corniculatus L.  upon 
ewe l iveweight change and body condit ion score during mat ing (72 
days) and upon wool production and f ibre length at weaning duri ng 
2001 i n  a d ryland pastoral system .  Mean values with S .E .M .  

I n itia l  l ive weight (kg) 

Final l ive weight (kg) 1 

Liveweight change (g/day) 2 

I n it ial condition score 

Pasture 

(n = 1 00) 

55.4 ± 0 .63 

55. 1 ± 0 .63 

- 5 ± 5 .0 

2 .58 ± 0.06 

1 .8 1  ± 0 .06 Final condition score 

Condition score change - 0 .76 ± 0 .06 

Greasy fleece weight (kg) 

Staple length (cm) 

NS: not significant (P < 0.05) . 
• ( P  < 0.05) . 
* * (P < 0.0 1 ) . 
*** (P < 0.00 1 ) . 

(n = 82) 

2 .90 ± 0.06 

1 1 .69 ± 0. 1 9  

1 Measured 72 days after initial live weight. 2 Calcu lated during days 1 to 72 for both groups. 

Lotus p 

During m ating 

(n = 1 00) 

57.0 ± 0.63 N S  

6 1 .6 ± 0.63 

67 ± 5.0 

2 .72 ± 0.06 N S  

2 .24 ± 0.06 

- 0.48 ± 0 .06 

At weaning 

(n = 86) 

3 . 1 4  ± 0 .05 

1 2 .26 ± 0 . 1 9  
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Figure 3 .1 . Experiment 1 ,  (A) Mean l ive weight and (8) mean condit ion score of 
ewes fed (.) Lotus corniculatus L. (b irdsfoot trefoi l )  and (. ) perennial 
ryegrass/white clover (Lolium perenne/Trifolium repens) pastu re over 
the mating period of 2001 and changes afterwards unt i l  weaning ( I  = 
S.E .M) .  
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In Experiment 2, LW and body condit ion score i ncreased during the mating season 

for al l  treatments (Table 3.5) ,  with the i ncreases being greater for ewes that were 

mated on L. corniculatus than on pasture (P  < 0.05) .  The d ifferences progressive ly 

decreased with t ime and had disappeared by wean ing in mid November (Fig . 3 .2) .  

At shearing i n  late November, ewes that had grazed pastu re on ly ,  or L. 

corniculatus during mating fol lowed by pasture ,  had s im i lar wool production and 

staple length (Table 3 .5) .  

Table 3.5 .  Experiment 2 .  Comparative l iveweight change , wool production ,  wool 
characteristics and condit ion score in 2002 of ewes fed perenn ial 
ryegrass/white clover (Lolium perenne/Trifolium repens) pastu re or 
Lotus corniculatus L. over the mat ing period (75 days) . Mean values 
with S .E .M .  

Pasture Days of Lotus feeding before cycle 1 mating 

0 1 0  2 1  42 

(n = 75) (n  = 75) (n = 75) (n = 75) 

I n itial live weight (kg) 55.2 ± 0.B9 55.3 ± 0.B7 55.5 ± 0.B7 55.5 ± 0.B4 

Final live weight (kg) 1 59.1 ± 0.B7a 61 .4 ± 0.B7b 60.B ± O.BB 6 1 . 5  ± 0.B5b 

Liveweight change (g/day) 2 56 ± 6.3a BB ± 6.2b 77 ± 6.3b B7 ± 6 . 1 b 

I n itial condition score 2.57 ± O.OB 2.57 ± O .OB 2.47 ± O.OB 2.62 ± O.OB 

Final condition score 2.62 ± O .OBa 2.B3 ± O.OB 2.75 ± OOB 2.96 ± O.OBb 

Condition score change 0.04 ± 0.05 a 0.23 ± 0.05 b 0.26 ± 005b 0.32 ± 0.05b 

At weaning 

(n = 59) (n  = 61 ) (n = 60) (n = 61 )  

Greasy fleece weight (kg) 3.20 ± O.OB 3 .25 ± 0.07 3.29 ± 0.07 3.21 ± 0.07 

Staple length (cm) 1 1 .67 ± 0. 1 9  1 1 .5B ± 0. 1 9  1 1 .96 ± 0. 1 9  1 1 .B3 ± 0. 1 9  

Condition score 2.44 ± O.OB 2 .54 ± O.OB 2.50 ± 0.09 2.49 ± O.OB 

Means within the same row with differing superscripts are significantly different by analysis of 
variance. (P  < 0.05) . 
1 Measured 68 days after initial live weight. 2 Calculated during days 1 to 68 for all groups. 
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Figure 3.2. Experiment 2. (A) Comparative l ive we ight and (8) condit ion score of 
ewes grazing ( X ) perennial ryegrass/white clover (Lolium 
perenne/Trifolium repens) pasture and Lotus corniculatus L.  (bi rdsfoot 
trefo i l) over the mating period of 2002 and changes afterwards unti l  
weaning.  Groups of ewes were grazed on L. corniculatus for (+ ) , 21 
(-) , 1 0  ( ) days before ovu lat ion and cont inued on L. corniculatus 
during the mating. Vert ical bars ( I )  represent pooled standard e rror for 
clearer interpretation of trends. 
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3. 3.4. Reproductive rate, lamb survival and lamb body growth 

I n  Experiment 1 ,  there were no effects of forage type upon pregnancy rate (ewes 

pregnantl1 00 ewes mated) .  Ewes grazing L. corniculatus during the mat ing period 

for two cycles had greater reproductive efficiency at u ltrasou nd scann ing 

(foetus/1 00 ewes mated) and at lambing ( lambs born/1 00 ewes lambing) ,  

compared to ewes grazing pasture (P  < 0.05 ;  Table 3.6) .  Also,  the proport ion of 

lambs su rviving to wean ing per lambs/1 00 ewes lambing were greater for ewes 

that were mated on L. corniculatus than for those mated on pasture ( P  < 0 .05) .  

The increased fecundity of  ewes grazing L. corniculatus du ring mat ing is  ind icated 

by more ewes giving birth to mu lt ip le lambs (P = 0.06) and fewer ewes giv ing birth 

to one lamb (P  = 0 .06) than their  counterparts grazing pasture (Table 3.6) .  

B i rth we ight and weaning weight were not affected by nutrit ional t reatment and 

there were no interactions with birth rank at any stage.  However, the percentage of 

lambs that survived from b i rth to wean ing (Table 3.6) was greater ( P  < 0 .05) i n  

lambs that were conceived to dams which were grazed on L. corniculatus (88.3%) 

than those that were conceived to dams grazed on pastu re (77. 1 %) .  
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Table 3.6. Experiment 1 .  Effect of grazing ewes on perennial ryegrass/white 
clover (Lolium perennefTrifolium repens) pasture or Lotus corniculatus 
L. on reproductive efficiency, lamb birth weight ,  lamb wean ing weight 
and lamb mortal ity during 2001 i n  a d ryland commercial pastoral 
system.  

Reproductive eff iciency 

Scanning rate (foetus/ 1 00 ewes mated) 

Pregnancy rate (ewes pregnantl 1 00 ewes mated) 

Lambing ( lambs born / 1 00 ewes lambing) 

Fecundity (per 1 00 ewes/ lambing) 

Single bearing 

Mult iple bearing 
(Confidence interval 95%) 

Docking (Iambs/ 1 00 ewes lambing) 

Weaning (Iambs/ 1 00 ewes lambing) 

Lamb mortal ity 

Birth - weaning (%) 

Birth weight 

Sing les male 

female 

Multiple male 

female 

Weaning weight 

Sing les male 

female 

Twins male 

female 

NS:  not significant ( P  < 0.05). 
• (P < 0 .05). 
I Applies to multiple - bearing ewes. 

Pasture 

(n = 93) 

1 70 

93 ± 40 

(n = 82) 

1 59 

40 

60 
0.49 to 0.70 

1 30 

1 23 

22.9 

6.43 ± 0 . 1 9 

5.94 ± 0.22 

4.93 ± 0 . 1 2 

4.59 ± 0. 1 1 

36.04 ± 1 .29 

35.32 ± 1 .40 

29.75 ± 0 .76 

27.98 ± 0 .75 

Lotus 

(n = 98) 

1 79 

98 ± 33 

(n = 87) 

1 75 

26 

74 
0.63 to 0.82 

1 59 

1 55 

1 1 .7 

6.38 ± 0.37 

5 .91  ± 0.20 

5.06 ± 0.09 

4.60 ± 0. 1 0  

38.56 ± 2 .09 

34. 1 8  ± 1 . 1 6  

29.90 ± 0.58 

27.03 ± 0.65 

p 

NS 

P = 0. 06 
P = 0. 06 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
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I n  Experiment 2 ,  du ring the f i rst mating cycle (seven days after the start of mat ing) ,  

there was a l i near relat ion between OR and the duration of grazing on L.  

corniculatus before mating (P < 0 .05 ;  Table 3 .7) .  A s imi lar trend was evident for 

l ambs born and su rviving to weaning,  but this only attained stat istical s ign if icance 

for lambs surviving 24 hou rs after b i rth ( P  < 0.05) and for lambs present at docking 

(P < 0 . 1 0) .  There were no sign if icant d ifferences between treatments in 

reproductive wastage and in lamb mortal ity from b i rth to wean ing ,  even though th is 

looked to decl ine with increased t ime of feeding on  L .  corniculatus. 

Effects of the nutrit ional t reatment upon mean b i rth weight with the i nteract ion 

between b irth rank and sex were not s ign if icant. By contrast, there were 

i nteractions between b i rth rank and sex upon weaning weight, with s ing le male 

l ambs conce ived on L. corniculatus ( 1 0 days treatment;  P < 0.05 and 21 days 

treatment ;  P = 0 .06) being heavier than thei r  counterparts conceived on pasture 

(Table 3.8) .  There were no treatment effects upon the weaning weight of m u lt ip le­

born lambs. 

3.3.5. Correlations. 

There were weak positive relationships between ovu lation rate and LW for ewes 

that were mated on L. corniculatus, but no such re lationships for ewes that were 

mated on pasture (Table 3.9) . There were no with in-treatment re lationsh ips 

between OR and dai ly l iveweight gain or between OR and body condit ion score . 

142 



Table 3.7. Experiment 2 .  Effect of grazing ewes on perenn ial ryegrass/white clover (Lolium perenne/Trifolium repens) 
pasture or Lotus corniculatus L. on reproductive efficiency for cycle one and lamb mortal ity du ring the 
productive season of 2002 in a d ryland farming system.  

Pasture Days of Lotus feed ing before ovu lation 

0 1 0  2 1  

Reproductive efficiency 

(n = 75) (n = 75) (n = 75) 

Ovulation rate (corpora lutea l 1 00 ewes mated) 1 73 ± 7.89 a 1 82 ± 7.96 1 89 ± 7.75 

First cycle (n = 51 ) (n = 42) ( n = 50) 

Lambing (lambs bornl 1 00 ewes lambing) 1 62 ± 8.34 1 71 ± 9. 1 9  1 70 ± 8.42 

Surviving after 24 hours ( lambs 1 1 00 ewes lambing) 1 3 1  ± 9.04 a 1 50 ± 9.96 1 58 ± 9 . 1 3  b 

Docking (lambs / 1 00 ewes lambing) 1 23 ± 9.08 1 30 ± 1 0.0 1 42 ± 9. 1 7  

Weaning (lambs / 1 00 ewes lambing) 1 23 ± 9.26 1 30 ± 1 0.2 1 36 ± 9.35 

Reproductive wastage 
Ovu lation - birth (%) 1 3 . 1  ± 3 . 1  1 4.5 ± 3.4 1 5.0 ± 3 . 1  
Ovulation - weaning (%) 3 1 .7 ± 4.7 32.9 ± 5.2 29.1  ± 4.8 

Lamb mortal ity 
B irth - weaning (%) 24. 1  22.5 1 9.5 

Number of  ewes (n) .  
Means within the same row with differing superscripts are significantly different by analysis of  variance (ANOVA) . •  (P  < 0.05). 
ANOVA also used for analyses of lamb mortality using log it-transformed data. 
NS:  no significance. 

42 

(n = 75) 

200 ± 7.64b 

(n = 55) 

1 76 ± 8.03 

1 60 ± 8.70 b 

1 4 1 ±  8.75 

1 40 ± 8.91 

1 3 .4 ± 3.0 
30.0 ± 4.6 

20.6 

Linear 

contrast 

p =  0.28 

P = 0. 1 0  

P =  0. 1 8  

NS 
NS 

NS 
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Table 3.8. Experiment 2. Comparative l iveweight change of lambs conceived on 
perenn ial ryegrass/white clover (Lolium perenne/Trifolium repens) 
pasture or Lotus corniculatus L. over the productive season of 2002 i n  
a commercial g razing d ryland system on the East Coast of North Is land 
of New Zealand. Mean val ues with S .E .M .  

Birth weight (kg) 

Singles male 

female 

Multiple male 

female 

Weaning weight (kg) 

Sing les male 

female 

Mu ltiple male 

female 

Pastu re 

o 

5.2 ± 0.33 

5. 1 ± 0 .25 

4.5 ± 0. 1 5  

4.3 ± 0. 1 4  

26.3 ± 1 .9 1 " 

28.5 ± 1 .55 

25.0 ± 0 .91  

23.9 ± 0.85 

Days of Lotus feed ing before mat ing 

1 0  

5.6 ± 0.21 

4 .9 ± 0 .29 

4.4 ± 0. 1 7  

4 .5 ± 0. 1 6  

3 1 .9 ± 1 . 1 8b 

26.2 ± 1 . 74 " 

26. 1  ± 0.99 

24.7 ± 0.95 

21  

5.0 ± 0.29 

5.3 ± 0.26 

4.4 ± 0. 1 4  

4.0 ± 0. 1 7  

3 1 .2 ± 1 .60 

30.9 ± 1 .57 b 

27.3 ± 0.92 

24.3 ± 1 .09 

42 

5.3 ± 0 .31  

5 .2 ± 0 .33 

4.3 ± 0. 1 7  

4.3 ± 0. 1 6  

30.7 ± 1 .86 

30.7 ± 1 .90 

25.2 ± 0.96 

24.0 ± 0 .90 

Means within the same row with differing superscripts are Significantly different by analysis of 
variance. (P < 0.05). 
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Table 3.9. Correlat ion coefficients between dai ly l ive weight gain ,  body condition score and ovu lation rate (OR; square­
root transformed) for cycle one in g roups of ewes grazing perennial  ryegrass/white clover (Lolium 
perennelTrifo!ium repens) pasture or Lotus cornicu!atus L. (b i rdsfoot trefoi l) over the mat ing season of 2002 i n  
a commercial d ryland farming system .  

Pasture 

Live weight1 0.07 

Liveweight change (g/day)2 0.07 

Body condition score3 0. 1 3  

{n) Number of animals for analysis. 
Measu red at day 53 for all groups. 2 Calcu lated between days 1 to 53 for all groups. 

3 Measured at day 40 for all groups. 
NS: no significance. 

0 

P 

NS 

NS 

NS 

1 0  

(n) p 

69 0.23 0.06 

69 0.07 NS 

69 0.002 NS 

Days of Lotus feeding before mating 

21  42 

(n) P (n) P (n) 

70 0.36 0.05 72 0.21 0.08 74 

70 0. 1 4  NS 72 0.03 NS 74 

70 0.09 NS 72 0.002 NS 74 



3.4 DISCUSSION 

CHAPTER THREE 

The objectives of these experiments were f irstly to establ ish the effects of feed ing 

Lotus corniculatus L. (bi rdsfoot trefoi l ;  cv. Grasslands Goldie) before and during 

mating upon reproductive eff iciency in  a commercial dryland farm ing system and to 

define the length of t ime that ewes need to g raze L. corniculatus before mating to 

maxim ise reproductive performance . Secondary objectives were to estab l ish the 

effect of feedi ng L. corniculatus during the mati ng period on woo l  p roduction of the 

ewe and l ive weight to weaning of their lambs. The most s ignificant f indings were 

that g razing ewes on L. corniculatus rather than pastu re before and over the 

mating period in summer-autumn i ncreased the number of lambs born and 

weaned by 1 6  and 32% un its (Experiment 1 )  and increased OR and number  of 

lambs weaned by up to 1 6  and 1 4% un its respective ly (Exper iment 2) .  The 

increase in reproductive efficiency was due to i ncreases i n  ovu lation rate in 

Experiment 2 and to possibly i ncreases i n  fecundity i n  Experiment 1 ,  with more 

m u lt ip le b irths and less s ingle births for ewes that were mated on L .  corniculatus ( P  

= 0.06) .  

Responses i n  cycle one of Experiment 2 showed that i ncreases i n  duration of 

g razing L. corniculatus before mating of up  to 42 days increased OR.  These 

results confirm the effects of mati ng u pon L. corniculatus i n  increas ing OR as 

summarised by Min et al. (2003) and extend the f ind ings to com mercial dryland 

farm ing .  These studies have also opened up the possib i l ity for the fi rst t ime that 

mating ewes on L. corniculatus may reduce post-natal lamb mortal ity. Differences 

between Experiment 1 and 2 may be related to ewe numbers and to the length of 
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t ime that L. corniculatus was fed into pregnancy. Using the data generated i n  

Experiments 1 and  2 ,  the numbers of ewes/group needed to  detect treatment 

d ifferences in post-natal mortal ity at the 5% level of probabi l ity with a power of 

80% can be calculated and are shown i n  Tab le 3 . 1 0. This shows that to have a 

reasonable probabi l ity of detecting treatment d i fferences with two animal groups 

(control and L. corniculatus) , the number of ewes per group needs to be 

d ramatical ly i ncreased . A min imum of 350 ewes per group is suggested to detect a 

30% reduct ion i n  mortal ity. 

An approximate measure of vo luntary feed i ntake can be calculated from pre­

grazing and post-grazing pastu re masses and the areas of each feed that were 

grazed. The approximate VFI was s im i lar for ewes mated o n  lotus or pastu re i n  

Experiment 1 ( 1 .45 vs. 1 .63 kg OM/ewe/day) and Experiment 2 ( 1 .63 vs. 1 .32 kg 

OM/ewe/day) . Therefore, the greater LW and l iveweight gain in  sheep mated on L. 

corniculatus compared to sheep mated on pasture in both experiments can be 

explained by the h igher OMO, OOMO and est imated ME values for L. corniculatus. 

However, the weak positive correlation between OR and l ive weight for ewes 

mated on L. corniculatus and the absence of a re lationship  between OR and l ive 

weight for ewes mated on pasture ,  suggests that the higher LW of ewes grazing on 

L. corniculatus was not a major factor explain ing the i r  greater reproductive rate. 

S imi larly ,  as there was no relat ionship between OR and l iveweight change and OR 

and body condit ion score, it is also evident that the h igher values of both of these 

for L. corniculatus -fed ewes does not explain their greater reproductive rate. 

147 



--'>-00 

Table 3.1 0. Est imated number of lambs and ewes needed to detect treatment d ifferences i n  lamb mortal ity between birth 
and weani ng at the 5% level of probabi l ity, based upon variat ion i n  the lamb mortal ity data generated between 
birth and weaning in Experiments 1 and 2 .  

Reduction in post-natal lamb mortality 
(birth to weaning) 

Experiment 1 a data 

(%) Lambs/treatment Ewes/treatment 

1 0  

20 

30 

40 

50 

5092 

1 221  

5 1 8  

276 

1 66 

a Based on mortality of 22.9% for lambs born to control ewes in Experiment 1 .  
b Based on mortality of 24. 1 %  for lambs born to control ewes in Experiment 2 .  

2909 

698 

296 

1 58 

95 

Experiment 2b data 

Lambs/treatment Ewes/treatment 

4767 277 1 

1 1 44 665 

485 282 

259 1 5 1  
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Thus ,  relative to ewes grazed on pasture ,  the increased reproductive eff iciency of 

ewes mated on L. corniculatus i n  both experiments suggests that the effect was 

mediated by the CT in L. corniculatus, (M in et al. , 1 999, 2001 ) ,  which red uces 

proteolysis of forage protein  in  the rumen (Jones and Mangan , 1 977) , red uces 

ru men and plasma ammonia concentrat ions, reduces blood plasma u rea 

concentration (M in  et al. , 1 999, 2001 ) and increases the net absorption of EM 

(Waghorn et al. , 1 987) especial ly branched chai n amino acids (Min et al., 1 999) 

from the small i ntest ine. These metabol ic changes may promote events such as 

fol l icu loge nesis ( i .e .  from f inal stages to ovu lation) ,  conception, attachment, 

embryo survival ,  foetal growth and lamb viab i l ity . 

S m ith et al. (1 983) found t hat, although ad libitum pastu re-feeding of ewes for up 

to s ix  weeks prior to mating (f lushi ng) l i nearly increased OR in l ighter ewes, there 

was no increase i n  the proportion of ewes lambi ng mu ltiples after th ree weeks of 

f lush ing, due to increased embryonic losses in groups f lushed for fou r  to six 

weeks . Possible reasons for this difference are that even though the protein  

avai labi l ity in the d iet increases OR through increased blood concentration of 

BCAA (Waghorn et al. , 1 990 ; Downing and Scaram uzzi , 1 991 ; Downing et al. , 

1 995) ,  the h igh  intake of d ietary sol uble prote in may have led to increased 

embryonic mortal ity (Visek, 1 984 ; Butler, 1 998). 

McRae (1 984) postulated that the uterine environment ( luminal and/or endometrial) 

is  regu lated by a blood-uter ine lumen barrier, wh ich regulates complex processes 

of permeabil ity ( inf lux and eff lux) , secretion and reabsorption .  Feed ing excess 
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crude protein (GP ;  1 7  to 1 9%) diets i n  cattle (Buttle r, 2000) du ri ng the l uteal phase 

decreases uterine pH (E l rod and Buttler, 1 993; E lrod et al. , 1 993) ,  alters the 

concentrat ion of  other ions i n  uterine secretions (Butt ler, 2000) ,  and reduces the 

su rvival of  ova, sperm, embryos and uterine receptivity (Blanchard et al. , 1 990) .  In  

more recent studies (McEvoy et al. , 1 997) stated that feeding a su rp lus of  rumen 

degradable protein (RDP) to  sheep for n ine weeks increases ammonia and u rea 

concentration i n  both blood p lasma and the utero-oviductal m icroenvironment, with 

the concentrat ion of ammonia and u rea in the utero lumen being correlated with 

u rea concentrat ion i n  b lood p lasma. I n  consequence ,  embryo su rvival three days 

after insemination is decreased due to embryotoxic substances that d isrupt the 

oviduct environment (Fahey et al. , 1 998 ;  McEvoy, et al. , 2001 ) and alter the ovine 

embryo critical fourth cel l  cycle (F ind lay et  a/. , 1 990; Fahey et al. , 1 998) . 

Fu rthermore, i n  the long term, non- lethal reprogramming of the embryo with 

altered foetal g rowth and delayed parturit ion may occur (McEvoy et al. , 1 997) . 

This ,  therefore , suggests that the l inear effect of the duration of grazing L .  

corniculatus before mating on  OR (Experiment 2) is probably due to the effect of 

GT reducing rumen prote in degradation to ammonia and increasing EAA 

absorption ,  and thus reducing early embryonic losses (Min et al. , 2001 ) and 

i nc reasing both neonatal viabi l ity and wean ing percentages (Exper iment 1 )  under 

some ci rcumstances. It is l i kely that these effects are mediated possib ly thro ugh 

changes i n  uter ine environment. Nevertheless, i t  a lso has to be recognised that in  

the studies conducted to date, effects upon embryonic and post-natal su rvival have 

not always been repeatable from trial to trial, probably because of the d isparity of 
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the duration of L. corniculatus feed ing reg imes between experi ments. Thus,  as 

experiments have concentrated on feeding L. corniculatus before and dur ing 

mating , the length of feedi ng it on into early pregnancy has not been wel l  defined. 

This may explain the difference between Experi ment 1 and Exper iment 2 .  

Experiment 1 provided ewes with L .  corniculatus wel l  i nto preg nancy, but the 

em phasis i n  Experiment 2 on extended pre-mating feed ing of L. corniculatus 

reduced the duration of its avai labi l ity after mat ing.  Further studies are requ i red to 

def ine the length of t ime that is necessary to graze L. corniculatus after 

conception, re lative to control ewes grazing perennial/wh ite clover pasture ,  to 

investigate whether a reduction in reproductive wastage from ovu lat ion to wean ing 

under dryland farm ing conditions occurs.  

Wool growth is dependent upon the avai labi l ity and absorption of EAA especial ly 

su lphur-contain ing amino acids from the small intestine (Reis ,  1 979) . Ewes grazing 

L. corniculatus during the mating season prod uced more wool than thei r pasture­

fed cou nterparts in  Experi ment 1 ,  but not i n  Experiment 2 ;  a d ifference that 

appears to correspond to lower summer/autumn rainfal l in 200 1 than in  2002 

(Table 3 . 1 ) .  Therefore , perhaps a short period of feed ing L. corniculatus during 

mating may benefit wool production more during drought years than in non-drought 

years. 

The greater reprod uctive eff iciency in ewes m ated on L. corniculatus re lative to 

ewes mated on pasture in both experiments confirms earl ier f indings that mating 

on L. corniculatus increases OR (Min et al. , 2003) and may also increases lamb 

survival , although fu rther experi mentation is necessary to i nvestigate this. The 
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larger responses in  both reproductive rate and wool production i n  Experiment 1 (a 

d rought year) than in Experiment 2 (a non-d rought year) suggests that in  d ryland 

farm ing best responses to inputs of L. corniculatus can be expected in d rought 

seasons.  

The authors wish to thank Meat & Wool I nnovations for financial ly supporting th is 

study and The New Zealand Min istry of Foreign Affairs and Trade,  Massey 

Un iversity and the Colombian Agricu ltu re Research Agency (CORPOICA) for 

provis ion of Scholarship support to Carlos A. Ramfrez-Restrepo . We also wish to 

acknowledge the contribution of Associate Professor Tim Parkinson for advice on 

reproductive issues and review of this paper. Geoff Purchas, Nei l  K i lm ister, James 

Bruce, Gavin Anstis and Col in Morgan are thanked for their  help and support with 

al l  aspects of sheep hand l ing. Massey Un iversity Nutrit ion Laboratory is  thanked 

for the nutritional analyses . Agricu ltural Services at Massey Un iversity and David 

Cameron at Greater Wel l ington Regional Counci l 's Masterton Office are thanked 

for the supply of c l imatic data. 

3.5 REFERENCES 

Alien, D .  M and Lamm ing, G. E .  ( 1 961 ) .  Nutrit ion and reproduction i n  the ewe. 

Journal of Agriculture Science. 56, 69-79 . 

Barry,  T .  N .  ( 1 989). Condensed tann ins .  Their ro le in  rum inant protein  and 

carbohydrate d igestion and possible effects upon the rumen ecosystem . In J .  

No lan. V . ,  Leng R.  A and Demeyer, D .  I (Eds. ) .  The roles of protozoa and 

fungi in ruminant digestion. (pp. 1 53-1 69) .  Armidale :  Penambu l Books . 

152  



CHAPTER THREE 

Bel lows , R. A ,  Pope, A L. ,  Meyer, R. K. ,  Chapman, A B and Casida, L. E. ( 1 963) . 

Physiolog ical mechan isms in nut rit ional ly induced d ifferences i n  ovarian 

activity of mature ewes. Journal of Animal Science. 22, 93-1 08.  

B lanchard ,  T . ,  Ferguson,  J . ,  Love , L . ,  Takeda, T . ,  H enderson ,  B . ,  Hasler, J and 

Chal upa, w. ( 1 990). Effect of d ietary crude-protein type on ferti l ization and 

embryo qual ity in dai ry catt le. American Journal of Veterinary Research. 51 , 

905-908 

Butt ler, W. R. ( 1 998) . Review: Effect of p rotein  nutrition on ovarian and uterine 

physiology in dairy catt le.  Journal of Dairy Science. 81 , 2533-2539 . 

Buttler, W .  R .  (2000) .  Nutritional i nteractions with reproductive performance in 

dairy cattle .  Animal Reproduction Science. 60-61 , 449-457. 

Coop, I .  E .  ( 1 962) . Liveweight-product ivity re lationships in  sheep. New Zealand 

Journal of Agricultural Research. 5 ,  249-264. 

Cruickshank, G. J . ,  Smith, J. F and Fraser, D .  G. ( 1 988) .  The i nf luence of 

abomasal i nfusion of prote in or energy on ovu lation rate in ewes. 

Proceedings of the New Zealand Society of Animal Production. 48 , 77-79 . 

Dasgupta, P .  R . ,  Kar, A. B and Dhar, M .  L. ( 1 971 ) .  Spermicidal activity of u rea. 

Indian Journal of Experimental Biology. 9, 41 4-41 5. 

153 



CHAPTER THREE 

Downing, J. A and Scaramuzzi , R. J. ( 1 991 ) .  N utrient effects on ovulation rate, 

ovarian function and the secretion of gonadotrophic and metabo l ic hormones 

i n  sheep. Journal of Reproduction and Fertility, Supplement. 43, 209-227. 

Downing, J. A. , Joss, J and Scaramuzzi , R .  J .  ( 1 995) . A m ixtu re of the branched 

chain amino acids leucine, isoleucine and val ine i ncreases ovulat ion rate i n  

ewes when infused du ring the late l uteal phase of the  oestrous cycle:  an 

effect that may be mediated by insu l i n .  Journal of Endocrinology. 1 45 ,  31 5-

323. 

E l rod, C. C and Butler, W .  R. (1 993) . Reduction of ferti l ity and alteration of uter ine 

pH i n  heifers fed excess rum inal ly degradable prote in .  Journal of Animal 

Science. 71 , 694-701 .  

E l rod , C .  C . ,  Van Amburgh,  M and But ler, W.  R.  ( 1 993) . Alterat ions in response to 

increased d ietary protein  in  cattle are unique to the uterus. Journal of Animal 

Science. 71 , 702-706. 

Fahey, J . ,  Boland, M .  P and O'Cal laghan, D.  O .  ( 1 998) .  Effects of d ietary u rea on  

embryo development i n  superovu lated donor ewes and on e mbryo su rvival 

fol lowing transfer in recipient ewes.  Proceedings of the British Society of 

Animal Science. 1 82 .  

F indlay, J .  K . ,  Salamonsen, L .  A and Cherny, R.  A.  ( 1 990) .  Endometrial funct ion :  

studies us ing isolated cel ls in vitro. Oxford Reviews. Reproductive Biology. 

1 2 , 1 81 -223.  

1 54 



CHAPTER THREE 

Foo, L. Y . ,  Jones, W . T . ,  Porter, L. J and Wi l l iams, V. M.  ( 1 982) . Proanthocyan id in 

polymers of fodder legumes. Phytochemistry. 21 (4) ,  933-935. 

Haresign,  W .  ( 1 981 ) .  The inf luence of nutrit ion on reproduction in  the ewe. Animal 

Production. 32, 1 97-202. 

Jackson,  F. S., McNabb, W. C,  Barry,  T .  N . ,  Foo, Y. L and Peters, J. S .  ( 1 996) . 

The condensed tannin content of a range of subtropical and temperate 

forages and the reactivity of condensed tann in  with r ibu lose-1 ,5-bis­

phosphate carboxylase (Rubisco) prote in .  Journal of the Science of Food and 

Agriculture. 72 , 483-492. 

Jeffer ies, B. C.  ( 1 961 ) .  Body condit ion scoring and its use in management. 

Tasmanian Journal of Agriculture. 32, 1 9-2 1 . 

Jones , E .  T and Mangan, J .  L .  ( 1 977) . Complexes of the condensed tannins of 

sa info in  (Onobrychis viciifolia Scop.) with fraction 1 leaf protein  and with 

submaxi l lary mucoprotein, and their reversal by polyethi lene g lycol and pH.  

Journal of  the Science of  Food and Agriculture. 28, 1 26-1 36. 

Jordan,  E. R . ,  Chapman, T. E . ,  Ho ltan,  D .  W and Swanson ,  L. V. ( 1 983) . Relat ion 

of d ietary crude protein to composit ion of uterine secretions and blood i n  

h igh-producing postpartum dairy cows. Journal of Oairy Science. 66, 1 854-

1 862.  

1 55 



CHAPTER THREE 

Kel ly, R. W and Al l ison,  A. J .  ( 1 976) . Measurements of ovu lation rates by 

laparoscopy and effects on reproductive performance . Proceedings of the 

New Zealand Society of Animal Production. 36, 240-246. 

Kenny, D .  A. ,  Diskin ,  M .  G and Sreenan, J .  M .  (2000) . Prote in  and fermentable 

carbohydrate i ntake and embryo survival i n  catt le. Theriogenology. 53 ( 1 ) ,  

284. 

Knight, T. W. ( 1 980) . Effects of d iet and l ive we ight on ovu lation rates in Romney 

ewes. Proceedings of the New Zealand Society of Animal Production. 40, 38-

42.  

Littel , R.  C. ,  Henry, P .  R and Ammerman, C .  B .  ( 1 998) . Statist ical analysis of 

repeated measu res data us ing SAS p rocedures. Journal of Animal Science. 

76, 1 21 6-1 231 . 

McEvoy, T. G . ,  Robinson, J .  J . ,  A itken,  R. P . ,  F ind lay, P .  A and Robertson ,  J .  S. 

( 1 997) . Dietary excesses of u rea i nf luence the viabi l ity and metabol ism of 

pre implantation sheep embryos and may affect fetal growth among survivors . 

Animal Reproduction Science. 47, 71 -90.  

McEvoy, T .  G . ,  Robinson, J .  J . ,  Ashworth , C .  J . ,  Rooke ,  J .  A and S inciai r, K. D .  

(200 1 ) .  Feed and forage toxicants affect ing embryo survival and fetal 

development.  Theriogenology. 55, 1 1 3-1 29.  

McLeod, M. N .  ( 1 974) .  Plant tann ins-their  ro le in  forage qual ity. Nutrition Abstracts 

& Reviews. 44(1 1 ) , 803-81 5.  

1 56 



CHAPTER THREE 

McRae ,  A. ( 1 984) . The blood-uteri ne l u men barrier and its possib le signif icance i n  

early embryo development. Oxford Reviews. Reproductive Biology. 6, 1 29-

1 73 .  

M in , B .  R . ,  Barry, T .  N . ,  Attwood ,  G.  T . ,  and McNabb, W. C. (2003). The effect of 

condensed tann ins on the nut rition and health of ru minants fed f resh 

temperate forages : a review. Animal Feed Science and Technology. 1 06 ,  3-

1 9 . 

M in ,  B .  R . ,  Barry, T. N. , McNabb , W.  C and Kemp,  P. D. ( 1 998). Effect of 

condensed tannins on the prod uction of woo l and on its processing 

characteristics i n  sheep grazing Lotus corniculatus. Australian Journal of 

Agriculture Research. 49, 597-605 .  

M in ,  B .  R . ,  Fernandez, J .  M . ,  Barry, T .  N . ,  McNabb, W .  C and Ke mp,  P.  D .  (2001 ) .  

The effect of  condensed tann ins in  Lotus corniculatus upon reproductive 

efficiency and wool production in ewes during autu mn.  Animal Feed Science 

and Technology. 92, 1 85-202 . 

M in ,  R .  B . ,  McNabb, W. C . ,  Barry, T .  N . ,  Kemp, P .  D . ,  Waghorn , G .  C and 

McDonald, M. F.  ( 1 999) . The effect of condensed tan nins in  Lotus 

corniculatus upon reproductive eff iciency and woo l  production i n  sheep during 

late sum mer and autumn.  Journal of Agriculture Science, Cambridge. 1 32,  

323-334. 

1 57 



CHAPTER THREE 

O'Cal laghan , D. 0 and Boland, M. P. ( 1 999) . N utritional effects on ovu lat ion ,  

embryo development and the estab l ishment of  pregnancy i n  ruminants . 

Animal Science. 68, 299-31 4. 

O'Cal laghan , 0.0 . ,  Lozanot, J .M . ,  Fahey, J . ,  Gath , V . ,  Sn ijders , S and Boland , M .  

P .  (2000) . Recent developments i n  the effect of nutrition o n  fert i l ity i n  dairy 

cows. Irish Veterinary Journa( 53(8) ,  4 1 7-425 . 

Reis ,  P .  J .  ( 1 979) .  Effects of amino acids on the growth and propert ies of wool .  I n  

J .  L .  B lack and J .  Reis (Eds . ) .  Physiological and environmental limitations to 

wool growth. (pp. 223-242) . Armidale: New Eng land Pub l ish ing U nit. 

Robertson ,  J. B and Van Soest , P. J .  ( 1 98 1 ) .  The detergent system of analyses 

and its appl ication to h uman foods .  I n  W. P.  T,  James and O.  Theander  

(Eds . ) .  Basic and Clinical Nutrition, Vo1 3. (pp . 1 23-1 58) . New York: Marce l  

Dekker, I nc. 

Roughan , P .  G and Ho l land, R .  ( 1 977). P redict ing in  vitro d igest ib i l it ies of herbages 

by exhaust ive enzymic hydrolysis of cel l  wal ls .  Journal of the Science of Food 

and Agriculture. 28, 1 057-1 064. 

Sm ith , J. F.  ( 1 985) . Prote in ,  energy and ovu lation rate. In R.  B. Land and D. W .  

Robinson (Eds. ) .  Genetics of reproduction in sheep. (pp. 349-359) . London :  

Butterworths. 

Sm ith , J .  F .  ( 1 988) . I nfluence of nutrit ion on ovu lation rate in  the ewe. Australian 

Journal of Biological Science. 41 , 27-36 . 

1 58 



CHAPTER THREE 

Smith,  J .  F. ( 1 99 1 ) .  A review of recent developments on the effect of nutrition on 

ovu lation rate (the f lushing effect) with particular reference to research at 

Ruaku ra. Proceedings of the New Zealand Society of Animal Production. 51 , 

1 5-23. 

Smith, J .  F. ,  Jagusch ,  K,  T and Farquhar. (1 983) .  The effect of the du ration and 

t im ing of f lush ing on the ovu lation rate of ewes. Proceedings of the New 

Zealand Society of Animal Production. 43 , 1 3-1 6 .  

Snedecor, G .  W and Cochran , W. G.  ( 1 980) . Statistical methods.  Ames :  Iowa 

State University Press. 

Statistical Analysis System .  (2001 ) .  User's Gu ide:  Statistics , Version 8 .2 ,  SAS 

I nstitute , North Carol ina, U SA. 

Swain ,  T .  ( 1 979) .  Tann ins and l ign ins .  In  G .  A. Rosenthal and D. H. Lanzen (Eds.) .  

Herbivores; Their interaction with secondary plant metabolites. (pp.  657-682). 

London :  Academic Press. 

Terri l l ,  T. H . ,  Rowan, A. M . ,  Doug las, G. B . , and Barry, T .  N. ( 1 992) .  Dete rm ination 

of extractable and bound condensed tann in  concentrations in  forage plants, 

prote in concentrate meals and cereal gra ins.  Journal of the Science of Food 

and Agriculture. 58, 321 -329. 

U lyatt, M .  J. ( 1 981 ) . The feed ing val ue of temperate pastures. In F.  H. W . Morley 

(Ed . ) .  Grazing Animals. (pp. 1 25-1 39) . New York: E lsevier Scientific 

Pu bl ish ing Com pany. 

1 59 



CHAPTER THR EE 

Umezaki , C and Ford ney-Settlage, D .  S .  ( 1 975) . I n  vitro studies on cervical 

contraception :  use of urea as spermicidal agent .  Contraception. 1 2 , 465-476. 

Visek, W. J. ( 1 984) . Review of effects of ammonia. Journal of Dairy Science. 

67(3) , 481 -498. 

Waghorn , G .  C and Barry, T. N. ( 1 987) . Pastu re as a nutrient sou rce . In N icol , A. 

M ( Ed . ) .  Feeding livestock in Pasture. New Zealand Society of Animal 

Production. Occasional Publication No 1 0. (pp . 2 1 -37) . C ristchurch :  

Bascands Commercial Print. 

Waghorn, G. C.  ( 1 986) .  The effect of different protein/energy i ntakes on nutrit ional 

and physiological parameters in young sheep. Proceedings of the New 

Zealand Society of Animal Production. 46, 31 -35 .  

Waghorn, G. C . ,  Smith ,  J .  F and U lyatt, M .  J .  ( 1 990) . Effect o f  prote in and energy 

i ntake on d igestion and nit rogen metabol ism in wethers and on ovu lat ion i n  

ewes.  Animal Production. 51 , 291 -300. 

Waghorn , G .  C . ,  Ulyatt, M .  J . ,  John ,  A and F isher, M .  T .  ( 1 987) . The effect of 

condensed tann ins on the site of digestion of amino acids and other n utrients 

in sheep fed on Lotus corniculatus. British Journal of Nutrition. 57, 1 1 5-1 26.  

Wang, Y. , Douglas ,  G.  B . ,  Waghorn , G. C,  Barry, T. N. ,  Foote , A.  G and P u rchas, 

R. W .  ( 1 996) . Effect of condensed tannin upon the performance of lambs 

grazi ng Lotus corniculatus and lucerne (Medicago sativa) . Journal of 

Agricultural Science, Cambridge 1 26, 87-98. 

1 60 



CHAPTER 4. 

USE OF LOTUS CORNICULA TUS CONTAINING 

CONDENSED TANNINS TO I NCREASE LAMB GROWTH 

OVER THE SUMMER UNDER COMMERCIAL DRVLAND 

FARMING CONDITIONS WITH MINIMAL ANTHELMINTIC 

DRENCH INPUT 

This chapter has been subm itted to Animal Feed Science and Technology 



C HAPTER FOUR 

ABSTRACT 

A rotational grazing experiment was conducted for 95 days i n  the summer of 

2002/2003 under d ryland farming condit ions to compare the effects of g raz ing 

Lotus corniculatus L. (bi rdsfoot trefoi l ;  cv. Grasslands Goldie) and perenn ial 

ryegrass (Lolium perenne)/white clover ( Trifolium repens) pastu re on l ive weight 

and carcase gain, and dynamics of nematode parasite i nfect ion ,  i n  Suffo lk x 

Romney weaned lambs fed ad libitum. Half of the lambs (n = 30) grazing either L .  

corniculatus or pasture received oral anthe lm int ic at the start and at monthly 

intervals (regu lar-drenched groups) ,  whi lst the remaining 30 lambs i n  each 

treatment only received oral anthe lm int ic when mean faecal nematode egg cou nts 

(FEes) exceed 1 ,000 eggs/g wet faeces (trigger-drenched groups) and l iveweight 

gains were depressed . This occurred on  day 58 only for both groups .  Trigger and 

regular-drench lambs grazed separate areas . 

Total condensed tann in  (eT) concentration i n  the d iet selected was 3 1  to 40 g 

eT/kg OM for L. corniculatus, with on ly trace amounts i n  pastu re . In vitro organic 

matter d igest ib i l ity (OMD) ,  d igestib le organic matter i n  dry matter (DOMD) , and 

est imated metabol isab le energy concentrat ion (ME) were h igher for L. 

corniculatus than for pasture and decl ined less under drought cond it ions than the 

grass-based pasture. 

Regular-drenched lambs grazing L. corniculatus had significantly h igher l ivewe ight 

gains (LWG; 298 g/day) and carcass we ight gains ( 1 33 g/day) than a l l  the othe r  

groups, whi lst t rigger-drenched lambs g razing L .  corniculatus had s ignificantly 
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greater LWG (228 g/day) and carcass gai ns (99 g/day) than regu lar-drenched 

(200; 66 g/day) and trigger-drenched ( 1 87;  63 g/day) lambs graz ing pasture .  

Carcass fatness was significantly lower fo r  trigger-drenched lambs than fo r  regu lar­

d renched lambs, when fed either L. corniculatus or pastu re .  Dag score was 

consistently lower for regular-drenched lambs grazing L. corniculatus than pasture ;  

trigger-drenched lambs showed s im i lar effects up  to day 48, with n o  d ifferences 

between the two groups thereafter. Regu lar anthelm int ic treatment maintained 

FECs at low values,  while trigger-drenched lambs on L .  corniculatus tended to 

have higher FECs than pasture-fed lambs. Relative to trigger-drenched l ambs that 

grazed pasture, grazing on L. corniculatus reduced s ignif icantly the worm burdens 

at s laughter of Haemochus contortus, Te/adosargia spp. , Nematodirus spp. and 

Cooperia spp. ,  but greater bu rdens of Trichostrongylus spp. , Chabertia ovina, 

Oesophagostonum spp. and Trichuris ovis were present in  L. corniculatus-fed 

lambs . 

It was concl uded that grazing L. corniculatus (b irdsfoot trefoi l  cv. G rasslands 

Gold ie) u nder dryland farm ing condit ions can i ncrease LWG and carcase gain of 

weaned lambs, whi lst reducing rel iance on anthelmint ic drenches to control 

parasites. These effects are probably due to i ncreased protein  supply from the 

action of CT enab l i ng the lambs to have ahigher LWG when carry ing a parasite 

burden , and to L. corniculatus mainta in ing its high M E  value under drought 

conditions. Us ing L. corniculatus to f in ish weaned lambs without anthelmintic 

drenches for a seven-week period is proposed. 
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Keywords : Lotus corniculatus, perennial ryegrass (Lolium perenne)/white clover 

( Trifolium repens) pasture ,  condensed tann ins ,  oral anthe lm int ic, d ryland farm ing 

systems. 

Abbreviations: BA, b reak area; CT, condensed tann ins ;  C4
C]CT, 1 4carbon­

label led CT; cv, cu ltivar; CW, carcass we ight ; CWG , carcass weight gai n ;  OM, d ry 

matter; cm,  cent imetre ;  DOMD, digestib le organic matter in  the d ry matter (g)/1 00 

g OM;  EAA, essential amino acid ;  FA, feed al lowance; FCW, f inal carcass weight; 

FEes, faecal egg counts ; GR, carcass fatness ; HM herbage mass; LW, l ive 

weight ; Ltd , l im ited ;  LWG , l ivewe ight gain ;  ME,  metabol isab le energy ;  MJ,  mega 

joules ; J.l9, micro; NDF, neutral detergent f ibre ;  NZ; New Zealand, OMD organic 

matter d igestib i l ity ; ®; Registered ; SAS, Statist ical Analys is System ; VFI , vol untary 

feed i ntake ; WC, worm counts. 

4.1 INTRODUCTION 

A New Zealand (NZ) sheep industry target is to achieve lamb l iveweight gains of 

400 g/day under pastoral cond itions to meet increased market demands and to 

maintain the ir  position i n  the international meat industry (The New Zealand Sheep 

Counci l ,  2000) .  P rem ium prices for lamb could be paid if systems could be 

developed using special ist forages with a higher feeding value than perenn ial 

ryegrass ( Lolium perenne)/wh ite clover ( Trifolium repens) pastu re ,  whi lst also 

reducing the i nternal parasite problems using low-chemical i nputs to prevent 

anthelmint ic drench res istance , improve feed conversion efficiency and decrease 

the risk of chem ical res idues in lamb meat to the final consumer. 
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Condensed tann ins (CT) are plant secondary compounds that b ind strongly with 

leaf protein  after chewing (Jones and Mangan, 1 977) , reducing protein degradation 

in the rumen at pH (6.0-7 .0) ;  the CT-protein  complex then d issociates at pH < 3.5 

i n  the abomasum (Jones and Mangan , 1 977) increasing essential amino acid 

(EAA) absorpt ion in the smal l  i ntest ine in sheep fed L. corniculatus (Waghorn et 

al. , 1 987) . Ramfrez-Restrepo et al. (2002, 2004a) showed that sustainable farm ing 

systems may be developed i n  d ryland areas du ring the spring/early summer 

lactation period with no pre- Iambing anthelm int ic drenching,  using the CT­

contain ing legume Lotus corniculatus fed to ewes and lambs between birth and 

weaning. These effects were probably due to the CT in lotus reducing the mot i l ity 

of i nfective L3 i nternal parasite-laNae and disrupting the development of eggs and 

laNal mou lts (Molan et al. , 1 999,  2000a) and to the increased EAA absorption 

enab l ing the animal to deve lop increased tolerance to worm burdens, with a 

substantial i ncreased sheep productivity. Therefo re ,  use of CT-contain ing L. 

corniculatus as a special ist feed may contribute to low chemical input sheep 

farm ing systems through s imu ltaneously increasing lamb growth and reducing 

anthelm intic d renching requ i rements between weani ng and s laughter. 

The fi rst objective of this experiment was to compare the growth of weaned lambs 

grazing Lotus corniculatus (B i rdsfoot trefoi l  cv. Grasslands Gold ie) and perenn ial 

ryegrass/white clover (Lolium perenne/Trifolium repens) at high al lowances, such 

that leaf on ly was consumed, with the objective of al lowing a l iveweight gain 

(LWG) of 400 g/day as poss ible . The second objective was to achieve this with the 

least possib le amount of anthelm intic drench , using  a systems approach, where 
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plant production ,  animal performance and parasite epidemiology were measu red 

at the same t ime. 

4.2 MATERIALS AND METHODS 

4.2. 1. Experimental design 

A rotational graz ing experiment was conducted from 1 8  November 2002 to 2 1  

February 2003 (95 days) at Massey's Riverside farm in t he  Wai rarapa, on  the East 

Coast of the Southern North Island, New Zealand . Fol lowing wean ing in spr ing 

2002, 1 20 Suffolk x Romney weaned male lambs were selected from a pool of 344 

lambs that were conceived and developed early e mbryonic stages when the i r  

dams grazed on either L. corniculatus or perennial ryegrass/wh ite clover pastu re 

(Ramfrez-Restrepo et al. , 2004b) .  Lambs were balanced for l ive we ight and 

conception treatment and randomly al located to L .  corniculatus (n = 60) or 

perenn ial  ryegrass/white clover pasture (n = 60).  Half of each group (n = 30) was 

drenched at the start of the experiment with ivermectin ( Ivomec®; Merk, Sharp and 

Dohme, NZ Ud) and regu larly drenched at approximately four-weekly i ntervals to 

control internal nematode parasites.  The other half (n = 30) were not treated at the 

beginn ing of the experiment and were on ly drenched with anthelm i nt ic when the 

g roup mean faecal nematode egg counts (FECs) exceed 1 ,000 eggs/g wet faeces 

(trigger-drenched groups) and lambs experienced reduced mean l iveweight gains .  

Trigger drench was administered to  both the  L .  corniculatus and pastu re groups at 

the same t ime. Regu lar-drenched lambs grazed on separate repl icates of each 

forage from trigger-drenched lambs. 
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Variables investigated were LWG,  the i ncidence of dags (accumulation of faeces 

in the wool surrounding the anus) ,  FECs, cu ltu red larvae counts, carcass 

characteristics and worm counts (WC) in the digest ive tract at s laughter. 

4.2.2. Forages 

Pure vegetative swards of L. corniculatus L. (b irdsfoot trefo i l ;  cv. Grasslands 

Goldie) and perennia l  ryegrass/wh ite clover (Lolium perenne/ Trifolium repens) 

pasture were grazed in weekly breaks by the lambs. After g razing, areas of legume 

and pastu re were l ight ly grazed by commercial f locks of sheep and catt le or topped 

mechan ical ly to reduce the proportion of stem and remove any flowering t issue, to 

stimu late vegetative growth and provide h igh-qual ity forage i n  both swards. 

Measurements of pre-grazing and post-grazing herbage mass and botan ical 

composit ion were determined for each weekly break by cutti ng 8 random quadrats 

(0. 1 80 m2) per break of each forage to grou nd leve l .  Samples were washed and 

dried overn ight ( 1 6 h) in a forced-air oven (Contherm ; Thermotec 2000; New 

Zealand) at 80° C.  

S ix wire mesh cages measur ing 1 .4 x 0 .9  m were placed i n  each break 

immediately before animals were introduced for grazing . At the end of grazing that 

break, the cages were removed and the forage was hand plucked correspond ing 

to what animals were observed to be eating (diet selected) .  These samples were 

pooled and stored at - 20° C for nutritive value analysis .  
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4.2.3. Grazing management 

Lambs were rotationa"y grazed on  L .  corniculatus or  pastu re at a feed al lowance 

of 6 .0 kg green OM/Iamb/day (total OM - dead OM) for the f i rst 8 weeks of feed ing 

and i ncreased to 8.0 kg green OM/Iamb/day from n inth week unt i l  the end the 

experiment (1 3th week) . Weekly breaks were used,  with front and back e lectric 

fences. Area of each weekly break for regu lar d renched and restricted d rench 

lambs i n  both swards were calcu lated as : 

7 days x n x FA 

E3A :: -----------------------

HM 

Where H M  i s  herbage mass (kg OM/ha) , E3A i s  break area (ha) , n i s  number of 

lambs ,  and FA is feed al lowance per head per day (kg) .  Th is management was i n  

order to provide vegetative h igh qual ity forage at a "  t imes. Lambs had free access 

to water. 

4.2.4. Animal measurements 

Live weight was measured at days 0 ,  1 6, 30, 5 1 , 58, 65, 79, 95 us ing e lectronic 

scales (Tru-test, Auckland , New Zealand) . Rectal faecal samples were col lected 

on day 0, 1 4 , 28, 49 , 63, 77 and 93 to est imate FEes f rom a" trigger-drenched 

lambs and from 1 8  regular-drenched randomly selected lambs grazing each 

sward. The same lambs were sampled on each occasion.  Oag score was 

performed as described by Ramfrez-Restrepo et al. (2004a) for all lambs i n  each 

group. 
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I n itial carcass we ight was estimated through slaughter of 20-non experimental 

lambs at the start of the experiment, to determ ine the ratio of carcass weight (CW) 

to l ive weight (LW ; 0.47). This was then appl ied to the in itial LW of the 

experimental lambs to rpovide an estimate of the in it ial carcase weight of each 

lamb used in this trial . 

At the end of the trial , al l  lambs were we ighed on the farm and s laughtered at a 

commercial abatto ir .  Val ues of CW and carcass fatness (GR ;  a measurement of 

su bcutaneous fat depth measured as soft tissue depth over the 1 ih rib at a point 

1 1  cm from the dorsal mid l ine;  Ki rton ,  1 989) were recorded for al l  lambs. 

Abomasal , and smal l  and large intestines for WC were col lected from twelve 

regu lar-drenched and twe lve trigger-drenched randomly selected lambs grazing 

each sward and stored at - 20° C. 

4.2.5. Laboratory analyses 

4.2.5. 1 .  Forages 

Al l  samples of d iet selected were stored at - 20° C and freeze-dried using a 

Cuddon 061 0 freeze drier (W.G.G.  Cuddon L TO,  Blenheim,  New Zea land) ,  and 

g round to pass a 1 mm diameter s ieve (Wi ley mi l l ,  Swedesboro, USA) before 

laboratory analysis .  Total n itrogen (N) was determined by the Oumas pri nciple 

(Leco CNS 2000 Analyser, Model 602 600 200, USA) . Neutral detergent f ibre 

(NOF) was determ ined by the detergent system of Robertson and Van Soest 

( 1 981 ) ,  with alpha amylase (B OH , Poole,  UK) being added during NOF extraction.  

Sod ium su lph ite was not added. Acetone/water-extractab le ,  protei n-bound and 
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fibre-bound CT f ractions in  forages were determined us ing a butanol-HCL 

colorimetric procedure (Terri l l  et al. , 1 992) ,  with total CT concentrat ion being 

reported . Al l  CT concentrations were determined using CT extracted from Lotus 

pedunculatus as a standard reference (Jackson et al. , 1 996) . Phenol ic glycosides 

were determined using the h igh-performance l iqu id chromatographic (H PLC) 

procedure of Meier et al. ( 1 988) .  In vitro organic matter digest ib i l ity (OMD) and 

digestib le OM in  the DM (DOMD) were measured us ing the enzym ic procedu re of 

Roughan and Hol land ( 1 977) , with samples from in vivo digest ib i l ity tr ia ls used as 

standards,  with pastu re standards used for the in vitro determinat ion of pastu re 

samples, and L. corniculatus standards used for the in vitro determination of L .  

corniculatus samples. 

4.2. 5.2. Parasitological techniques 

Faecal samples for FECs were refrigerated overnight (4° C) and F ECs determined 

using a modified McMaster method (Stafford et al. , 1 994) where each egg cou nted 

represented 50 eggs/g of wet faeces. Larval cultures were made from pooled 

faeces from each group m ixed with verm icu l ite and water and cu l tured at 25° C for 

1 0  days . Larvae were recovered using a Baermann techn ique (Min istry of 

Agricu lture ,  F isheries and Food, 1 986) .  Worm burdens were estimated from 

counts i n  5% al iquots (Wood et al . ,  1 995) . Up to 50 male nematodes from each 

genus were col lected for speciation (U riarte et al. , 2003). 
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4.2. 6. Statistical analyses 

Differences in  fo rage chemical com posit ion ,  forage botan ical composit ion, pre­

grazing and post-g raz ing herbage mass were assessed using the MIXED 

procedure of the SAS statistical package (SAS , 2001 ), with a l inear model that 

incl uded the effects of forage type (L .  corniculatus or  pastu re) ,  anthel mintic 

treatment and the interaction between them as facto rs . Data for LW , LWG,  

carcass weight gain (CWG),  CW and carcass fatness were analysed using the 

MIXE D procedure of SAS (2001 ) .  The l i near model incl uded the fixed effects of 

conception treatment ( i .e . lambs conceived when dams g razing L. corniculatus or 

pastu re), forage type , anthelm intic treatment and their i nteractions. Litter size at 

b i rth and the in it ial LW for each period were incl uded as covariate for LWG, in it ial 

carcass weight was included as covariable for CWG and f i nal carcass weight was 

included as covariable for carcass fatness . 

Faecal egg count data were normal ised after square root transformation (Snedecor 

and Cochran, 1 980) . Repeated measurements of LW, FECs and dag score were 

then analysed us ing PROC MIXED (SAS , 2001 ) ,  with a l i near model that i ncluded 

the effects of conception treatment, forage type, anthe lmintic treatment, day, 

forage type by anthelm intic treatment interaction and the i nteractions amongst 

forage type , anthe lm intic treatment and day. Using the Akaike's i nformation 

criterion ,  a compound sym metric erro r structure was determ ined as the most 

appropriate residual covariance structure for repeated measures over t ime with in 

animals for LW, transformed FECs and dag score (Littel et al. , 1 998) .  Correlations 
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between dag score and FECs (square-root transformed ; Snedecor and Cochran , 

1 980) ; were analysed us ing PROC CORR (SAS, 200 1 ) .  

Signif icant d ifferences between treatments i n  t he  f requency o f  i nfective larvae of 

each parasite genus i n  lamb faeces were performed using the P ROC GENMOD 

(SAS, 200 1 ) with log it transformation ,  assuming a binomial d istribution .  The l i near 

model i nc luded only the f ixed effects of treatment. Worm counts at s laughter for 

each parasite species were analysed with a l i near model that included the effect of 

forage type us ing PROC GENMOD (SAS, 200 1 ) , assuming a Poisson d istr ibution 

and therefore a log l i nk function was declared . A second analysis considered the 

effect of sex of parasite within each combinat ion of parasite species and forage 

type. The l i near model considered the fixed effects of forage type, parasite species 

and their i nteraction .  Differences between species  for abomasal , smal l  and large 

i ntest ine paras ites were performed us ing the PROC GENMOD (SAS, 200 1 ) ,  

assuming a Po isson d istribution and therefore a log l i nk funct ion was declared . 

The l i near model considered the f ixed effects of forage type, parasite species and 

their interact ion .  

4.3 RESULTS 

4. 3. 1 .  Forages and botanical composition 

Both L. corniculatus and perenn ial ryegrass/white clover pasture swards were i n  

the vegetative growth stage throughout most the experiment ,  with some 

reproductive g rowth caused by the hot summer condit ions. P re-graz ing and post­

grazing herbage mass were higher for L. corniculatus than for pasture (Tab le 4 . 1 ) ,  
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with pre-g razing and post-g razing dead matter content being consistently g reater 

fo r pasture than for L. corniculatus especially from week six to the end of the 

experiment (Fig. 4 . 1 ) . For L. corniculatus, diet selected was predominantly leaf , 

with negl ig ib le amounts of stem or white clover being consumed. In  contrast, the 

g rass stem and wh ite clover components of pastu re swards accounted for 20 and 

1 7% respectively of the d iet selected ,  with grass leaves accounting for 

approx imately 60% of the diet selected .  
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Table 4.1 . Pre-grazing and post-grazing herbage mass (t OM/ha) and plant component of Lotus corniculatus L.  (bi rdsfoot 
trefo i l ;  cv. Grasslands Goldie) and perenn ial ryegrass/white clover (Lolium perenneITrifolium repens) over the 
spring/summer season of 2002 and 2003 in a commercial farm on the East Coast in  New Zealand. 

Lotus 

Regular-drenched T rigger -drenched 

Pre-grazing Post- Pre-grazing 
(n = 1 3 ) grazing (n = 1 3 ) 

Herbage mass 3.28 ± 0.27 2.26 ± 0.23 3.24 ± 0.27 

Green DM 3.20 ± 0.28 2.07 ± 0.23 3 .07 ± 0.28 

Dead matter 0.07 ± 0.04 0. 1 8  ± 0.06 0. 1 6  ± 0.04 

t 2. 1 7.9 4.9 

Leaves 1 . 1 7  ± 0. 1 4  0 .51  ± 0.09 1 .26 ± 0. 1 4  

Stems 1 . 1 1  ± 0. 1 2  1 . 1 1  ± 0. 1 2  1 . 1 4  ± 0. 1 2  

White clover 0.35 ± 0.08 0.26 ± 0.06 0.38 ± 0.08 

Weeds 0. 1 6  ± 0.06 0. 1 5  ± 0.06 0. 1 9  ± 0.06 

(n) Means are for weekly breaks with their standard errors (S.E .M. ) .  
t Percentage dead matter of  total herbage mass. 

Post-
grazing 

2.20 ± 0.23 

2.01 ± 0.23 

0. 1 8 ± 0.06 

8. 1 

0 .56 ± 0.09 

0.97 ± 0. 1 2  

0 .31  ± 0.06 

0. 1 6  ± 0.06 

Pasture 

Regular drenched Trigger-drenched 

Pre-grazing Post- Pre-grazing Post-
(n = 1 2) grazing (n = 1 2) grazing 

2.68 ± 0.28 1 .74 ± 0.23 2.51 ± 0.28 1 .79 ± 0.23 

2.36 ± 0.29 1 .42 ± 0.23 2.20 ± 0.29 1 .42 ± 0.23 

0.28 ± 0.04 0.30 ± 0.06 0.23 ± 0.04 0.35 ± 0.06 

1 0.4 1 7.2  9 . 1  1 9. 5  

1 .36 ± 0. 1 4  0.73 ± 0.09 1 .39 ± 0. 1 4  0.82 ± 0.09 

0.44 ± 0. 1 3  0. 1 8  ± 0. 1 3  0.35 ± 0. 1 3  0 .21  ± 0. 1 3  

0.31 ± 0.08 0.08 ± 0.06 0.29 ± 0.08 0. 1 8  ± 0.06 

0.1 8 ± 0.06 0.28 ± 0.07 0.24 ± 0.06 0. 1 7 ± 0.07 



CHAPTER FOUR 

3 0  

25 
-
::E 
c 
cu 20 -0 -
c::: 
� 0 1 5  -... Cl) --CU 1 0  
E 
'0 CU Cl) 
C 5 

0 

0 2 4 6 8 1 0  1 2  

E x p e r i m e n t a l  w e e k s  

Figure 4.1 . Pre-g razing dead matte r i n  areas of Lotus corniculatus ( . ) and 
perenn ial  ryegrass/white clove r pasture (. ) grazed by groups or 
weaned lambs regu larly anthelmintic treated or trigger-dre nched over 
the spring/summer season of 2002 and 2003 in a com mercial d ryland 
syste m on the East Coast of New Zealand . Vert ical bars represent 
one standard error of the mean. 

4.3.2. Chemical composition 

Total N concentration was s l ightly higher for L .  corniculatus than for pasture in  the 

diet selected (Tab le 4.2) ,  whilst NOF concentration was consistently lower (P < 

0.001 ) i n  lotus than i n  pasture .  Total CT concentration i n  lotus swards was 35.6 g 

CT/kg OM.  Only trace amounts of total CT were detected in  the pasture . Most CT 

in the L. corniculatus selected was read ily extractable (71 .2%) , with much smal ler 

amounts being prote in-bound (24.3%) or f ibre-bound (4.5%) . In vitro OM O, OOMO 

and est imated metabo lisable e nergy concentration (ME) were al l h igher (P < 
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0.001 ) for L. corniculatus than for pasture (Table 4 .2) .  In both swards OMD and 

est imated ME concentrat ion decl ined slowly throughout the experiment from late 

spring to late summer (Fig. 4.2), with the decl ine for pasture being more 

pronounced from week 6 onwards. 

4.3.3. Conception treatment 

There were no concept ion or birth rank treatment effects on f inal  l ive we ight. 

4.3.4. Live weight, live weight gain, carcass weight and fatness values 

Final l ive weight was greater (P  < 0.001 ) for regular-drenched lambs than for 

trigger-d renched lambs grazing L. corniculatus, but was s im i lar for both g roups of 

lambs grazing pasture (Table 4.3) . Trigger-drenched lambs graz ing L. corniculatus 

were heavier than regu lar-drenched (P  < 0 .054) and tr igger-drenched lambs 

grazing pasture (P  < 0.05). The average LWG adjusted to b irth rank and i n it ial LW 

was s ign if icantly g reater for L. corniculatus-fed regu lar-drenched group than that of 

the other three groups (P < 0.001 ) (Table 4.3) , with the d ifferences between  the 

other th ree groups being s imi lar to that of f inal LW. 

Carcass we ight and CWG were greater for regular-drenched than for L. 

corniculatus-fed trigger-drenched lambs (P < 0 .0 1 ) and were also g reater for L. 

corniculatus-fed t rigger-drenched lambs than either regu lar-drenched or the 

pasture-fed trigger-drenched lambs (P  < 0.001 ) (Table 4 .3) .  Carcass fatness was 

significantly lower for trigger-drenched lambs than for regu lar-drenched lambs, 

when grazing either L. corniculatus or  pastu re (P  < 0.05) .  
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Table 4.2. Mean values of total nitrogen (N) ,  neutral detergent f ibre (NOF) ,  in vitro organic matter d igest ibi l ity (OM O) and 
d igestible organic matter in dry matte r (OOM O),  estimated metabol isable energy concentration (ME ,  MJ/ kg 
OM) , condensed tannin (CT) and phenolic fractions of d iet selected by treated or trigger-treated lambs grazing 
Lotus corniculatus L. (birdsfoot trefoi l ; cv. Grass lands Goldie) or perenn ial ryegrass/wh ite clover (Lolium 
perenne/Trifolium repens) pasture .  

Lotus 

Regular-drenched Trigger-drenched Regular-drenched 

(n = 6) (n = 6) (n = 6) 

Total N (g/kg OM) 27. 1 ± 1 .68 27.7 ± 1 .68 26. 5  ± 1 .68 

NOF (g/kg OM) 343.6 ± 1 1 .79 a 351 .9 ± 1 1 .79 a 462.9 ± 1 1 .79 b 

(n = 1 2) (n = 1 2) (n = 1 2) 

In vitro 

OMO 0.70 ± 0.007 a 0.69 ± 0 .007 a 0.65 ± 0.007 b 

OOMO 0.65 ± 0.006 a 0 .64 ± 0.006 a 0.59 ± 0 .006 b 

ME 1 0.64 ± 0.0009 a 1 0.58 ± 0 .0009 a 9 .64 ± 0.0009 b 

Secondary com pounds (g/kg OM) (n = 4) (n = 4) (n = 4) 

Total CT1 (g/kg OM) 39.87 ± 1 .39 a 31 .32 ± 1 .39 b 1 .57 ± 1 .39 c 

Catechin + epicatechin 0.31 ± 0 .03 a NA 0.07 ± 0.03 b 

Other flavanoid monomers 1 1 .63 ± 0 .98 a NA 6.23 ± 0 .98 b 

Total phenol ic glycosides 1 0 .70 ± 2.09 NA 1 0.74 ± 2.09 

Chlorogenic acid 0.08 ± 0.08 a NA 0.39 ± 0.08 b 

(n) Samples for analysis. 1 Extractable + protein-bound + fibre-bound. ME = DOMD x 1 6.3. 
Means within the same row with differing superscripts are significantly different by analysis of variance (abed; p < 0.05).  
NA; not analysed. 

Pasture 

Trigger -drenched 

(n = 6) 

25.8 ± 1 .68 

464. 1  ± 1 1 .79 b 

(n = 1 2) 

0 .64 ± 0.007 b 

0 .58 ± 0 .006 b 

9.54 ± 0 .0009 b 

(n = 4) 

1 .20 ± 1 .39 c 

NA 
NA 

NA 

NA 



CHAPTER FOUR 

7 5  ( A ) 

-- 7 0  ';!!. l!... 
� 
;e 6 5  Ui C1) Cl :0 
� 60  0 
e -':;; 
oS 5 5  

5 0  +---�--�--�--�----�--�--�--�--�--��--�--. 
o 2 4 6 8 1 0  1 2  

E x p e r i m e n t a l  w e e k s  

1 2 . 0  ( 8 ) 
� c 
Cl � 1 1 . 0 :::, 
� 
c:: 0 :0:: 1 0 . 0  ca ... -c:: C1) (J c:: 0 9 . 0  (J 
w � 
" C1) 8 . 0  -ca 
E 
:0:: 1/1 
W 

7 . 0  +---�--�--�--�----�--�--�--�--�----�--�� 
o 2 4 6 8 1 0  1 2  

E x p e r i m e n t a l  w e e k s  

Figure 4.2. (A) Mean values of in vitro organic matter d igest ib i l ity and (8)  
est imated metabolisable energy concentration (ME ,  MJ/ kg DM) of  
d iet selected by treated and trigger treated lambs grazing Lotus 
corniculatus L .  (bi rdsfoot trefo i l ;  +) and perennia l  ryegrass/white 
clover (Lolium perennelTrifolium repens) pasture (. ) over the 
summer f in ish ing season of  2002-2003 i n  a d ryland pastoral system 
( I  = S.E .M . ) .  
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Table 4.3. Effect of grazing weaned lambs on Lotus corniculatus L. or perennial 
ryegrass/white clove r (Lolium perennefTrifolium repens) pasture upon 
animal productivity with regu lar and trigger anthelmentic drench input in 
a dryland farming system.  

In itial live weight (kg) 

Final live weight (kg) 

Liveweight gain (g/d) 

Carcass weight (kg) 

Carcass weight gain (g/d)2 

Carcass fatness 

(GR, mm)  3 

Regu lar­
drenched 

(n = 30) 
1 

28.7 ± 0.96 

57.2 ± 0.96 a 

298 ± 7.8 a 

26.8 ± 0.66 a 

1 33 ± 4 .3  a 

1 8.2 ± 0 .7 a 

Lotus 

Trigger­
drenched 

(n = 30) 

28. 5 ± 0.91 

50.1 ± 0.91 b 

227 ± 7.7 b 

23.6 ± 0.66 b 

99 ± 4.3 b 

1 6.2  ± 0.6 b 

Pastu re 

Regular­
drenched 

(n = 30) 

29 . 1  ± 0.96 

47.7 ± 0.96 c 

200 ± 7.9 c 

20.3 ± 0.66c 

66 ± 4.3 c 

1 6.0 ± 0.6 b 

Trigger­
drenched 

(n = 30) 

29.6 ± 1 .00 

47.5 ± 1 .00 c 

1 86 ± 8. 1 c 

1 9 .9 ± 0 .66 c 

63 ± 4. 3  c 

1 3.7 ± 0.6 c 

1 Number of lambs per treatment group.  2 Adjusted to equal initial carcass weig ht. 
3 Adjusted to equal final carcass weight. 
Means within the same row with different superscripts are significantly d ifferent (abed; p < 0.05). 

When expressed in  consecutive 4 week periods, lamb LWG general ly fol lowed the 

trend of being higher for the L. corniculatus regular-drenched group, least for the 

two pastu re groups which were not signif icantly d ifferent and i ntermediate for the 

L. corniculatus trigger-d renched group (Table 4.4). Al l  LWGs decl ined over time as 

herbage nutritive value decli ned due to h igh temperatu res (Figs 4. 1 and 4 .2) , with 

the decl ine being most pronou nced for both trigger-drenched groups i n  period 2 ,  

prior to  drenching on day 58. Lotus corniculatus regu lar-d renched lambs showed 

the least decl ine in growth with t ime and in period 1 app roached the NZ Sheep 

Industry target of 400 g/day. 
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Table 4.4. Comparative l iveweight gain (g/day) of g razing weaned lambs on  Lotus 
corniculatus L. or perennial ryegrass/wh ite clover (Lolium 
perenneiTrifolium repens) pastu re with regular and restricted 
anthelmentic d rench input i n  a d ryland pastoral system in the Wairarapa 
on the East Coast of North I s land , New Zealand. 

Weeks 1 - 4 (30 days) 

Weeks 4 - 9 (35 days) 

Weeks 9- 1 2  (30 days) 

Week 1 -7 (51  days) 2 

Regular­
drenched 

(n = 30) 
1 

350 ± 9 .8 
a 

271 ± 1 3. 1  
a 

261 ± 1 2.9 
a 

353 ± 9.6 
a 

Lotus 

1 Number of lambs per treatment group. 
2 First drenching practice to restricted treatments. 

Trigger­
drenched 

(n = 30) 

323 ± 9.7 b 

1 36 ± 1 2.9 b 

238 ± 1 1 .5 b 

251 ± 9 .5 b 

Pasture 

Regu lar 
drenched 

(n = 30) 

286 ± 1 0.0 c 

1 32 ± 1 3.2 b 

1 97 ± 1 1 .9 c 

2 1 0  ± 9.8 c 

Trigger­
drenched 

(n = 30) 

280 ± 1 0. 1  c 

1 1 4 ± 1 3.4 b 

1 81 ± 1 2 . 1  c 

1 94 ± 9.9 c 

Means withi n  the same row with different superscripts are significantly different (abed; p < 0.05) . 

4.3.5. Oag score, faecal egg counts and gastrointestinal nematode burdens 

Changes i n  dag score and FECs val ues over the duration of the experiment for 

regu lar-drenched and trigger-drenched lambs grazing L .  corniculatus and pastu re 

are summarised in F igure 4.3 and F igu re 4.4. The L. corniculatus regu lar-

d renched group had consistently a lower dag score than the pastu re regu lar-

d renched group (P < 0.05) ,  whi lst there were no s ignificant d ifferences in the 

trigger-d renched groups between L. corniculatus and pasture .  
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8 0  1 0 0 

8 0  1 0 0 

Figure 4.3.  Mean dag score of groups (A) regu larly treated (at four  weeks 
intervals) or (8) trigger-drenched lambs grazing Lotus corniculatus L. 
(b irdsfoot trefoi l ;  +) and perenn ial ryegrass/wh ite clover (Lolium 
perennelTrifolium repens) pasture (. ) .  n I ndicates oral anthelm intic 
g ive n .  Vertical bars represent standard erro r of the mean. 
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On the L. corniculatus and pastu re swards admin istrat ion of regular anthe lm intic 

treatment maintained s im i lar and relatively low values of FEes (Fig. 4.4). I n  the 

trigger-drenched groups, FEes remained relatively constant with t ime for the lambs 

graz ing pasture ,  but i ncreased in lambs grazing L. corniculatus up to the t ime of 

drenching on day 58, with the value at day 49 being greater than for lambs graz ing 

pasture (P  < 0.00 1 ) .  Fol lowing drench ing ,  FEes continued to increase again in  the 

lambs grazing L. corniculatus. 

After nematode larval incubat ion,  re lative to lambs that g razed on  pasture ,  lambs 

grazed on L. corniculatus had consistently reduced proportions of Trichostrongylus 

larvae that hatched from faeces (Fig.  4 .5) .  

Trigger-drenched L. corniculatus-fed lambs had s ignif icantly lower ( P  < 0.00 1 ) 

Haemochus con tortus , Teladosargia spp, Nematodirus spp. and Cooperia spp. 

worm burdens at slaughter than trigger-drenched lambs grazing pastu re, but 

greater burdens of Trichostrongylus spp., Chabertia ovina, Oesophagostomum 

spp. and Trichuris ovis ( P  < 0.001 ) (Table 4.5) .  Relative to pasture-fed lambs,  

grazing on L. corniculatus also caused smal l  changes i n  the relative p roport ion of 

ind ividual sub-species with in Teladorsagia, Nematodirus and Trichostrongylus 

species (Table 4.5) .  There were consistently higher female than male popu lat ions 

for abomasal and smal l  intestine parasite species recovered from lambs grazi ng 

both L. corniculatus and pasture (P  < 0.00 1 ) ,  wh i lst in  the large intest ine 

d ifferences were less notable (Table 4 .6) .  General ly,  the effects of forage type 

upon worm burdens were s imi lar for male and female parasites, except for 

Cooperia spp. 
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Figure 4.4. Least squ are mean values of FEes (eggs g/wet faeces) i n  (A) groups 
regu larly anthelmintic treated (at four  weeks intervals) or  (B) trigger­
drenched lambs (one drench) grazing Lotus corniculatus (+) or 
perennial ryegrass/wh ite clove r pastu re ( . ) . D. I nd icates oral 
anthelm intic given. Bars show poo led standard error from square-root 
transformed data for clearer interpretation of trends. 
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Figure 4.5. Comparative proportions of infective gastro intest inal nematode larvae 
hatched from 1 0  days i ncubation at 25° C of in (A) groups regu larly 
anthelm int ic treated (at four weeks intervals) or (8) trigger-drenched 
lambs (one drench) grazing Lotus corniculatus L. (b i rdsfoot trefoi l )  (. ) 
or perennial  ryegrass/white clover ( Lolium perennelTrifolium repens) 
pasture (. ) . Chab/Oes: Chabertia and Oesophagostonum species. 
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Table 4.5. Arithmetic means and least square means of natural log transformed worm counts data (± S.E . M.)  in  groups of 
trigger-drenched lambs grazing Lotus corniculatus L. (bi rdsfoot trefo i l )  or perenn ial ryegrass/white clover 
(Lolium perennelTrifolium rep ens) pasture over the spring/summer autumn season of 2002-2003 in  d ryland 
farming conditions on the East Coast of the lower North Is land, New Zealand. 

Abomasum Small  intestine 

Haemonchus T eladosarg. T. axei Nematodirus Trichostrongylus Cooperia 

L. corniculatus 1 7  2023 ' 350 3025 3 1 0840 5 1 77 7 

2.83 ± O.OS 7.61 ± 0.006 5.85 ± 0.01 8.01 ± 0.005 9.29 ± 0.002 5. 1 7  ± 0.02 

Perennial ryegrass/white 30 3975 2 298 3823 4 1 458 6 1 98 7 
clover 

3.40 ± 0.05 8.28 ± 0.004 5.69 ± 0.01 8.24 ± 0.004 7.28 ± 0.007 5.29 ± 0.02 

Significance a < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

a Comparison between sward types within parasite species. 

1 0.90 identified as Teladosargia circumcincta and 0. 1 0  as Ostertagia trifurcata; 2 0.81 identified as T. circumcincta and 0. 1 9  as 0. trifurcata. 

3 0.95 identified as Nematodirus spathiger and 0.05 as N. filicolis; 4 0.87 identified as N. spathiger and 0. 13  as N. filicolis. 

5 0.74 identified as Trichostrongylus vitrinus and 0.26 as T. colubriformis; 6 0.67 identified as T. vitrinus and 0.33 as T. colubriformis. 

7 Identified as Cooperia curticei. 

Large intestine 

Chabertia Oesophag. Trichuris 

1 1 1  262 7 

4.70 ± 0.02 5.56 ± 0.01 1 .90 ± 0. 1 1  

22 56 3 

3. 1 0  ± 0.06 4.03 ± 0.03 1 .05 ± 0. 1 7  

< 0.001 < 0.001 < 0.001 



CHAPTER FOUR 

Table 4.6. Arithmetic means and least square means of natu ral log transformed 
data and their standard errors of male and female worm counts i n  
groups of trigger-drenched lambs grazing Lotus corniculatus L .  
(b i rdsfoot trefoi l )  or perenn ial ryegrass/white clover (Lolium 
perenneITrifolium repens) pasture over the spring/summer autumn 
season of 2002-2003 in dry land farm ing conditions in  the  Wai rarapa on  
the East Coast of New Zealand.  

Abomasum 

Teladorsargia spp. 

Smal l  intestine 

Nematodirus spp. 

Trichostrongylus spp. 

Cooperia spp. 

Large intestine 

Chabertia ovina 

Oesophagostomum spp. 

Trichuris ovis 

Lotus 

Trigger-drenched 

male 

580 
(6.36 ± 0.01 2) a1 

272 
(5.60 ± 0.0 1 7) a1 

867 
(6.76 ± 0 .009) a1 

55 
(4.00 ± 0.038) a 1 

58 
(4.05 ± 0.037) a 

1 47 
(4.99 ± 0.023) a1 

2 
(0.75 ± 0 . 1 98) a1 

female 

1 443 
(7.27± 0.007) a2 

2753 
(7.29 ± 0.005) a2 

9973 
(9 .20 ± 0.002) a2 

1 22 
(4.80 ± 0.026) a2 

53 
(3.97 ± 0.039) a 

1 1 5 
(4.74 ± 0.027) a2 

5 
( 1 . 54 ± 0 . 1 33) a2 

Pasture 

Trigger-drenched 

male 

872 
(6.77 ±0.009) b1 

522 
(6.25 ± 0 .0 1 2) b1 

357 
(5.87 ± 0.01 5) b1 

50 
(3.91 ± 0.040) a1 

1 1  
(2.40 ± 0.086) b 

26 
(3.26 ± 0.056) b 

1 
(-0.08 ± 0.30 1 )  b1 

female 

3 1 03 
(8.04 ± 0.005) b2 

3302 
(8. 1 0  ± 0.005) b2 

1 1 00 
(7.00 ± 0.008) b2 

1 48 
(5.00 ± 0.023) b2 

1 1  
(2.41 ± 0.086) b 

30 
(3.40 ± 0.052) b 

2 
(0.82 ± 0 . 1 90) b2 

Means between same genders with in the same row with differing superscripts letter are significantly 
different (ab; p < 0.05) . 
Means between genders with in the same treatment with differing superscripts number are 
significantly different C2; P < 0.05). 
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4.3.6. Correlations 

There were no sign if icant post ive re lationships at any time of the experi ment 

between dag score and FECs val ues for both drenching practices i n  lambs graz ing 

e ither  L. corniculatus or  pasture .  

4.4 DISCUSSION 

The objectives of th is experi ment were f i rstly to produce high growth rates of 

weaned male lambs over summer in a commercial dryland f in ish ing system,  

graz ing L. corniculatus or  perennial ryegrass/white clover pasture at high OM 

al lowances. The second objective was to ach ieve this with reduced rel iance on 

anthe lm intic treatme nt to control nematode parasites . The main f inding was that 

ove r the late spring/summer regular-drenched lambs grazing L. corniculatus 

produced the highest growth rates of approx 300 g/day over the 1 4  week period , 

which in  spri ng were (350 g/day) close to the NZ Sheep Industry target of 400 

g/day (The New Zealand Sheep Counci l ,  2000). Trigger-drenched lambs grazing L. 

corniculatus produced a lower mean l iveweight ga in of approximately 230 g/day 

but higher than that of either group grazing perenn ial ryegrass/wh ite clover pastu re 

(200- 1 90 g/day) . As carcass-weight gain of trigger-drenched lambs grazing L. 

corniculatus was exactly half way between that of regu lar-drenched lambs grazing 

L. corniculatus and pasture ,  it seems that anthelmintic use can be restricted in 

weaned lambs grazing L. corniculatus but this wi l l  resu lt in  some loss of 

productivity re lative to regular-drenched lambs on L. corniculatus. Whi lst 

anthe lmintic d rench cou ld be restricted without loss of productivity for lambs 
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grazing pasture i n  this experiment, a summary of s i mi lar experim ents conducted i n  

New Zealand has shown this to b e  a h igh risk strategy, which dramatically reduced 

lamb LWGs in half of the experiments (Ramfrez-Restrepo et al. , unpubl ished) .  

From measu rements of p re- and post-grazing herbage mass, it can be calcu lated 

that the approximate vol untary feed i ntake (VFI )  was s im i lar for lambs fed L. 

corniculatus and pastu re in  the regu lar-drenched groups (2.67 ± 0 .45 vs . 3 .06 ± 

0 .47 kg OM/Iamb/day) and in the trigger-drenched groups (2.56 ± 0 .44 vs. 2 .59 ± 

0 .50 kg OM/Iamb/day) ; the greater productivity of L. corniculatus-fed lambs can 

therefore be explained by combined effects of h igher OMO, OOMO and est imated 

M E  values for L. corniculatus, by both the improved efficiency of prote in d igestion 

(Waghorn et al. , 1 987) and by improved tolerance of a parasite b u rden in the case 

of trigger-drenched lambs. 

The eT-prote in complex during d igest ion is stable in the rumen,  reducing forage 

p rotein  degradation in the rumen, but releases prote in in the abomasum (Jones 

and Mangan 1 977) due to pH dependant reactivity , which i ncreases the absorpt ion 

of EAA from the smal l  intestine (Waghorn et al. , 1 987) and improves nutritional 

status and sheep productivity (Ramfrez-Restrepo et al. , 2002, 2004ab) .  I ncreased 

immune response to paras ite challenge in ewes (Houdijk et al. , 2000) and lambs 

(Abbott et al. , 1 988) has been related to the i ngestion of h igh p rotei n  d iets. 

There are several ways in which grazing L. corniculatus cou ld reduce parasite 

p roblems in lambs. These include a tal ler growth habit than perenn ial ryegrass­

based pastures ,  reducing the ingestion of infective L3 larvae and both d i rect effects 
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of CT i n  inh ib it ing larval moti l ity (Mol an et al. , 1 999) and possible indirect effects of 

increased protei n  absorption from CT st imu lating the immune system. From Figure 

4.4 B and Table 4.5 g razing on L. corniculatus was not particu larly effective i n  

reducing egg output and parasite infection in  the  restricted drench lambs. By 

com parison with grazing ryegrass based pastu re , grazing on L. corniculatus did 

reduce the establ ishment of Haemonchus contortus, Teladosargia spp. , 

Nematodirus spp. and Cooperia spp. in trigger-drenched lambs but this was more 

than compensated for a large increase in the establ ishment of Trichostrongylus 

spp . .  Thus,  the main attribute of L. corniculatus appears be the i ncreased abi l ity of 

lambs to grow when carry ing a parasite burden,  probably due to the increased 

absorption of EAA. 

The mechanism of how this occu rs is unclear. The lowered of the populat ion of 

Haemonchus contortus, Teladosargia spp. , Nematodirus spp. and Cooperia spp. 

at slaughter L. corniculatus-fed versus pasture-fed lambs co uld involve res istance 

and the associated production of antibod ies, but this wo uld seem unl ike ly as the 

popu lat ion of Trichostrongylus spp. increased dramatically in lambs grazing L. 

corniculatus. Resi l ience is characterised by a lack of immune respo nse and stable 

paras ite pop ulations in  infected animals, result ing in reduced daggi ness (W .C. 

McNabb, personal commu nication) . Resu lts of the present experi ment do not fu l ly 

f it a res i l ience def i nit ion e ither, as FECs and estab l is hed populat ions of 

Trichostrongylus spp. i ncreased in lambs grazing L. corniculatus, a lthough 

dagginess was markedly reduced. The development of resistance to i nternal 

parasites is usually associated with reduced an imal productivity, wh ich does not 
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occur i n  the case of res i l ience (W .C.  McNabb, personal commun icat ion) .  The 

resu lts of this experiment cannot be fu l ly  explained by the above definit ions of 

either resistance or resi l ience ; one possib i l ity is that react ions occu rred in the gut 

between digesta constituents ( includ ing CT) and parasites and that these affected 

some parasite species more than others (Niezen et al. , 1 995 ; Hoskin et al. , 2000) .  

Epidem iological patterns of  strongyloid nematodes after larval incubation (F ig .  4 .5 )  

i l lustrated that graz ing on L. corniculatus duri ng summer consistently reduced the 

proportions of Trichostrongylus larvae that hatched from lamb faeces,  relative to 

lambs that grazed pasture .  These results are s imi lar to those of Ramfrez-Restrepo 

et al. (2004a) who found that du ring spring , relative to parasited sheep grazing 

pasture ,  ewes and lambs graz ing on L. corniculatus tended to reduce the 

proportion of Trichostrongylus larvae hatching after incubation , with these effects 

being more pronounced in lambs than i n  ewes. However, Trichostrongylus 

numbe rs at slaughter i n  trigger-drenched lambs accounted for 67% of total worm 

counts on L. corniculatus to 1 8% on pasture .  This suggests that, although graz ing 

on L. corniculatus did not reduce the establ ishment of Trichostrongylus worms i n  

lambs, it m ight have reduced either egg laying o r  egg hatch ing o r  both .  The most 

l ikely cause of this is the CT content of L. corniculatus. The in vitro data from 

Molan e t  al. ( 1 999 , 2000a) suggested that extracted CT has an  inh ibitory activity 

against sheep Trichostrongylus colubriformis nematode parasites,  and specifical ly 

reduced egg hatching, the development of eggs to L3 larvae and the mot i l ity of L3 

larvae , as demonstrated for eT extracted from Lotus pedunculatus, L.  
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corniculatus, su l la ,  sainfoin (Onobrychus viciifolia) and ch icory (Chicorium intybus) 

(Mol an et al. , 2000b). 

P revious graz ing studies (N iezen et al. , 1 998) indicated that lambs on L. 

corniculatus had h igher Trichostrongylus popu lations than lambs that grazed other 

forages. However, i t  is interesting to note that, whi lst trigger-drenched lambs fed L. 

corniculatus had s ign ificantly more T. axei and T. colubriformis worm burdens 

compared with trigger-drenched lambs fed pastu re ,  a d ifferent effect was reported 

by N iezen et al. ( 1 995) who found that undrenched lambs fed su l la  (Hedysarum 

coronarium) had lower numbers of these nematode species than those which fed 

lucerne (Medicago sativa) . These results may be explained by d ifferences in eT 

concentration , chem ical structure and reactivity between these forage legumes, 

which has previously been described (8arry and McNabb, 1 999) .  

The effects of  grazing L.  corniculatus on i ncreasing the populat ions of some 

paras ites at s laughter and decreas ing the popu lations of others are probably due 

to  d i rect or cummulative effects of CT on nematode cutic le ,  control and 

development of the ecdysis ( i .e .  moult ing) process , or the neuromuscu lar activity in 

the nematode species. However, such a hypothesis needs further investigation .  An 

alternative and com plementary explanation is that changes i n  the CT molecu le 

du ri ng digest ion after the prote in is re leased i n  the abomasum cou ld reduce the 

i nh ib itory effect of eT on nematode parasites as d igesta passes down the 

d igestive tract. Effects of eT extracted f rom chicory on the mot i l ity of nematode 

larvae (L3 stage) of gastrointestinal nematodes in vitro showed that the inh ib itory 

activity of eT i s  reduced by 1 2  % and 5% from rumen to abomasal f lu id at 

1 9 1  



CHAPTER FOUR 

concentrations of 1 00 or 1 000 �g ch icory CTlml of f lu id respectively (Molan et al. , 

2003). Secondly, Terri l l  et al. ( 1 994) found that ,  although [1 4C]CT appeared not to 

be absorbed from the smal l  and large i ntestines, the recovery of CT from d igesta 

decreased as it f lowed from the abomasum to the rectum,  suggesting that it was 

being changed to other compounds. The effect iveness of L. corniculatus feeding i n  

reducing worm popu lations (Table 4.5) also decreases from the  abomasum to  the 

smal l  i ntestine to the large intest ine,  and it is possib le that decl i n i ng effective CT 

concentrat ions are i nvolved in this transit ion.  Fu rther studies are requ i red to 

u nderstand specific mechan isms of CT in L. corniculatus to l im it nematode 

epidemiology u nder grazing cond itions and also in the digestive tract. 

The present data confirmed the suggestion by Ramfrez-Restrepo et al. (2004a) 

that dag score compared to FECs is not a strong indicator to trigger d renching, but 

also that FECs are a time-dependant condition i n  parasit ised lambs grazing L. 

corniculatus. Faecal nematode egg cou nts increased i n  restricted d rench lambs on 

L .  corniculatus up  to day 49 and a s im i lar i ncrease was observed after anthelm int ic 

t reatment (day 58) . As trigger-drenched lambs grazing L. corniculatus gained 1 2 .8 

kg l ive weight from weaning to day 5 1 , compared with 8.8 kg f rom day 5 1  to day 

95,  it seems that, if sustainable f in ish ing systems are to be developed on CT­

contain ing L. corniculatus in the absence of anthelm intic d renching,  lambs cou ld 

be d rafted for s laughter at about day 5 1 . This early decis ion wou ld  avoid grad ing 

penalties due to excess carcass fat, as there was a tendency towards over fatness 

of regular-drenched lambs grazing L. corniculatus. Secondly, the farming system 

m ight meet both human health and an imal welfare regu lations ;  it wou ld e l im inate 
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the need for a withhold ing period before slaughter. Furthermore,  as L. corniculatus 

produced s im i lar dry matter yield to perenn ial ryegrass/white clover pasture duri ng 

spri ng u nder d ryland farm ing and is more productive during summer/autumn 

(Ramfrez-Restrepo et al. , 2003) , the f in ish ing regimen suggested could al low 

lambs to be sold for s laughter early ,  thus ensur ing there is sufficient L. corniculatus 

to feed ewes during mati ng i n  autumn ,  so that thei r reproduct ive performance is 

increased compared to ewes mated on pasture (Ramfrez-Restrepo et al. , 2004b) . 

Th is  proposed system would have extra advantages i n  very dry summers, as 

d igestib i l ity and estimared ME concentration decreased less for L. corniculatus 

than for pasture under drought cond itions (F ig.  4 .2) . 

I n  a recent review Rattray (2003) est imated that i nternal parasites cost the NZ 

Sheep Industry around $ 300 mi l l ion per annu m  ( inc ludi ng d rench costs) , whi lst 

d rench resistance is estimated to cost $ 20 m i l l ion annual ly, but predicted to reach 

$ 60 mi l l ion per year by 2022. It is therefore qu ite feasib le that, in commercial 

d ry land pastoral systems, the greater feedi ng val ue of CT -contai n ing L. 

corniculatus re lative to pastu re, al lows weaned lambs to enhance their abi l ity to 

tolerate worm burdens, wh i lst mainta in ing or increas ing productivity, delaying the 

development of drench resistance i n  some parasite populat ions and reducing the 

requ i rement for broad-spectrum anthelmintics to suppress nematode infections. 
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PRODUCTION OF LOTUS CORNICULA TUS UNDER 
G RAZING I N  A DRYLAND ENVIRONMENT 
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ABSTRACT 

A three-year experiment (from November 2000 to October 2003) was conducted at 

Massey U niversity's  R iverside farm , i n  the Wai rarapa on the East Coast of the 

lower North I s land, New Zealand to compare, u nder grazing conditions ,  seasonal 

and ann ual g razed net herbage accumulat ion rate and seasonal dynamics of 

und isturbed net herbage accumu lation rate of Lotus corniculatus L. (bi rdsfoot 

trefoi l ;  cv. G rasslands Goldie) relat ive to perenn ial ryegrass (Lolium perenne)/white 

clover ( Trifolium repens) dominant pasture. P rediction equations to estimate 

standing OM in L. corniculatus and pasture from the ris ing plate meter (RPM) and 

sward surface height were also generated.  

L. corniculatus and pasture growing i n  a moderate fert i l ity and Iow-pH so i l  

accumulated s im i lar total net herbage mass accumu lation (24.3 vs. 24. 1 t OM/ha) 

over the three years, with the OM p roduction be ing greater for L. corniculatus than 

for pasture d ur ing 2000-2001 ,  producing more OM during summer/autumn  drought 

condit ions. The net herbage accum u lation rates from undisturbed areas of L. 

corniculatus and pasture were s im i lar. Ouring the spring/summer period Pastu re 

and L. corniculatus undistu rbed net herbage accumu lation rate was at maximum at 

a gross herbage yield of 9 .9 and 5 .8  t OM/ha respective ly. The undisturbed net 

herbage accumulat ion rate was as its lowest, possib ly due to severe moisture 

def icits, d u ring the summer season .  Seasonal variation i n  the cal ibration 

regressions f itted to estimate herbage mass of L. corniculatus non-destructively, 
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suggested a combination of destructive and non-destructive methods are needed 

to assess herbage mass. 

It was concluded that L. corniculatus has the potential to i ncrease the performance 

of a perennia l  ryegrass/white clover pasture-based sheep farm i ng system due to 

its abi l ity to grow i n  acidic soi ls ,  its tolerance of d rought condit ions during 

summer/autumn and its seasonal ity of feed supply. I ts  h igh feeding value and both 

the moderate and beneficial concentration of condensed tan nins  (eT) have been 

identif ied in  other stud ies. 

Keywords: Lotus corniculatus, perenn ial ryegrass/wh ite clover pasture ,  herbage 

mass, sward surface height, dryland farming systems. 

Abbreviations: CEC, cation exchange capacity ; CT, condensed tann ins ;  cv, 

cultivar; DM, dry matter ;  K, potassi u m ;  Kh , Kohinu i  soil ser ies; m, meter ;  me, 

mi l l iequ ivalents ; N, nitrogen ;  p, phosphate ; PPD, plant popu lat ion density; ®; 

Registered ; RLA, residual leaf area; RPM, ris ing plate mater; R5D, res idual 

standard deviat ion ;  504, su lfate ; 55, sward stick. 

5.1  INTRODUCTION 

Efficient pastoral farm ing systems combine the practice of maintain ing,  or 

increasing pasture production, crop growth and animal performance with in  the 

constraints of socio-economic and biophys ical enviro nments . Nevertheless, 

b iological sustainabi l ity and performance of d ryland farmi ng systems wi l l  depend 

on the h igh stabi l ity of the system components, such as forage product ion,  

especial ly during periods of soi l  moisture deficit (Squ i res, 1 99 1 ) .  
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Successfu l  dryland farm ing syste ms in the North and South Island of New Zealand 

over the last 50 years have focused on the introduct ion of ryegrass and clover 

varieties (Brown and Green ,  2003). However, pastoral farm ing systems in the 

dryland regions have been not able to cope with an imal demands, especial ly 

during sum mer/autu mn condit ions, due to the depression i n  production and 

persistence of white clover ( Trifolium repens) , or even l ucerne (Medicago sativa) , 

when used as the predominant forage legu mes with in  a perennial pastu re based 

syste m (Brown and Green, 2003; Brook et al. , 2003 ; Moot et al. , 2003). Th is has 

res ulted in an osci l lation in feed qual ity and dry m atter (OM) product ion, and 

considerable variabi l ity in  ani mal production. 

The use of alternative deep tap-rooted perennial legu me species, such as Lotus 

corniculatus L. (birdsfoot trefo i l ;  cv. Grasslands Gold ie) , relative to perenn ial 

ryegrass ( Lolium perenne)/white clover pastu re, has been suggested as way to 

i ncrease the current year rou nd sheep productivity in  d ryland farm ing environments 

(Ram frez-Restrepo et al. , 2002 , 2004abc) . The advantages of L. corniculatus are 

its better seasonal ity of feed supply, its h igh feed value ,  its moderate concentrat ion 

of condensed tann ins (eT; Barry et al. , 2003), its abi l ity to grow in low fert i l ity so i ls ,  

and tolerance of  so i l  acidity and impeded drainage (He inrichs, 1 970 ; Douglas and 

Foote 1 993) ,  and summer d rought conditions (Ram frez- Restrepo et al. , 2004b) . 

However, to date there has been a lack of research that compares , under grazing 

condit ions, the patterns of net herbage accumu lation and seasonal dynamics of 

net herbage accumu lation rate of L. corniculatus relative to perennia l  

ryegrass/white clover pastu re in  a dryland farming system in  New Zealand.  
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Add itional ly, practical gu idel ines to est imate farm average L. corniculatus cover by 

the use of r is ing plate meter un its (RPM) and the sward stick (SS ; sward s u rface 

he ight, cm) are not avai lab le .  

The fi rst objective of th is  study was to determine seasonal and annual grazed net 

herbage accumu lation rate of Lotus corniculatus L. (b irdsfoot trefoi l ;  cv. 

G rasslands Gold ie) re lat ive to perenn ial ryegrass/wh ite clover (Lolium 

perenne/Trifolium repens) pastu re over th ree consecutive years i n  a d ryland 

commercial environment us ing a systems approach,  where plant product ion and 

effects upon animal productivity (Ramfrez-Restrepo et al. , 2002, 2004abc) were 

measured s imu ltaneously. The second objective was to assess the seasonal 

dynamics of un-grazed net herbage accumulation rate of L. corniculatus and 

pasture .  The th i rd objective was to develop equat ions to est imate L. corniculatus 

herbage mass by the use of the r is ing plate meter and the sward stick. 

5.2 MATERIALS AND METHODS 

5.2. 1 .  Location and experimental site 

The evaluation was carried out at Massey Univers ity's R ivers ide farm located 

approximately 1 5  km North of Masterton, in the Wai rarapa (grid reference; 307374 

NZMS 260T26) on the East Coast in  the lower North Is land of New Zealand (400 

50' 40" S ,  1 750 73' 00" E)  from October 2000 to October 2003. Riverside farm 

experiences a mean rainfa l l  of 1 230 mm (recorded at R ivers ide from 1 989 to 2002) 

with summer/autumn periods (December-Apri l )  h istorical ly characterised by low 

rainfal l rates and h igh evapotranspi ration (Sal i nger, 2003) . The s ite was located on 
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an aggradational terrace system characterised by a Kohinu i  so i l  series (Kh;  Pol lok 

et al. , 1 994) . The soil was a medium-textu red stony soi l ,  40 to 50 cm deep, free 

d rain ing (Pol lok et al. , 1 994) with a pH of 5 .35. Soi l  analyses were Olsen 

phosphate (P) of 31 .8 /19 Pig , su lfate (S04) 9 . 9  /19/g and cations, potassium (K) 

0 .40 and C EC 0.83 me/1 00g . 

5.2.2. Establishment and grazing management 

N ine hectares (ha) of L. corniculatus were estab l ished as a monoculture in  

March/2000. Sowing rate was 20 kg/ha of  coated and i nocu lated seed and the 

seed was sown 1 0  mm deep and in  rows 1 50 mm apart with a cone-type plot 

seeder equ ipped with a double d isc.  During the f i rst wet season, the legume was 

sprayed with herbicide to remove invad ing grasses (haloxyfop 300 g a. i .lha 

(Gallant® NF) .  Broad-leaved weeds were sprayed during the second winte r with 

375 g a. i .lha paraquat p lus 225 g a. i .lha diquat (Preeglone TM®) and metribuzin 700 

g a. i .lha (Sencor®) .  No ferti l iser was appl ied on the crop at any stage during the 

evaluation ,  except for 1 8  kg Nlha, as urea, dur ing August 2000. S imi lar areas of 

adjoi n ing perenn ial ryegrass/white clover pastu re were used as the contro l .  

Areas of L. corniculatus and pasture were rotational ly grazed with sheep (Ram frez­

Restrepo et al. , 2002 , 2004abc) except during winter and early spring ( i .e .  May­

August) . There were between seven to eight grazings per year with a rest during 

winter. Surplus areas of legume and pasture were grazed by commercial groups of 

sheep and cattle. Addit ional ly, pastu re paddocks were mechanically topped duri ng 
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summer to remove reproduct ive stem material to stimu late the vegetative g rowth 

stage. 

5.2.3. Plant measurements 

The net herbage accumu lation rate (kg OM/ha/day) i n  grazed areas of both L .  

corniculatus and pasture was measured at monthly intervals over 36 months us ing 

two methodos sim u ltaneously. F i rstly, eight random quadrats (0 . 1 8 m2) were 

selected,  marked and cut to ground level us ing a portable electric shearing hand­

p iece i n  a specific area to be grazed in approximately 30 days. On the same 

another set of eight random quadrats were selected , marked and protected with 

wire mesh exclosu re cages measuring ( 1 .4 x 0.9 m) in a nearby area to be also 

sampled 30 days later to g ive an est imate of growth over a fixed period . For the 

second method , the residue after grazing was cut to g round leve l  from eight 

quadrats and pastu re mass estimated . This area was al lowed to regrow and was 

sampled again from e ight d ifferent exclosure areas 30 days later. These two 

methods gave the net herbage accumu lat ion rate for forage i n  the 30 days post­

g raz ing ,  and the net herbage accumu lation rate for forage i n  a spe l led area that 

was to be grazed i n  30 days time. The in it ial dates of samp l ing were staggered so 

that g rowth was studied i n  successive overlapping periods of 30 days (Oavies, 

1 993) . 

Un-grazed net herbage accumulat ion rate (kg OM/ha/day) was measured 

fortnightly throughout four experimental seasons. At the start of each evaluat ion , 

six large wire mesh exclusion cages (2 m x 0.5 m) were placed permanently on  
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both L. corniculatus and pasture .  Eval uation 1 was conducted from 2 1 /1 0100 to 

1 2/0 1 101 (83 days ; 42 quadrats/forage).  Evaluation 2 commenced on 1 6/02/0 1 and 

f in ished on 27/04/01 (70 days ; 48 quadrats/forage) .  Eval uation 3 began on 5/02/02 

and f in ished on 1 5/04/02 (69 days; 36 quadrats/forage) . Evaluation 4 was carried 

out between 7/1 0102 and 1 0102/03 (1 26 days;  60 quadrats/forage) .  

For a l l  evaluations,  quadrats (0 . 1 8 m2) were positioned in  rows with in  each cage. 

Harvests from Evaluation 1 to Eval uation 3 were cut to ground level .  P lant sam ples 

during the fourth eval uation were harvested from in it ia l  pre-trimmed areas of L. 

corniculatus (50 mm sward s u rface height) and pastu re (30 mm sward su rface 

height) to check that g round levels cuts we re not affect ing regrowth. Both forages 

were harvested to a s im i lar mean sward su rface height at each sampl ing to ensure 

optimum p lant regrowth. Thus,  the estimate prof i le of u n-grazed net herbage 

accumu lation rate was constructed throughout the seasons by d ivid ing difference 

in net accumulated herbage mass between sampl i ngs by the number of days of 

the regrowth period . All plant material was washed to remove soi l  and faeces, 

dried overn ight ( 1 6 h) in a forced-ai r oven (Contherm ; Thermotec 2000 ; New 

Zealand) at 80° C and weighed ind ividual ly. 

Pred iction eq uations to est imate herbage mass (kg OM/ha) were calcu lated from a 

pool of 6520 quad rat (0 . 1 8  m2) cuts made in d ifferent transects to est imate pre­

and post-g razing experimental herbages masses (Ram frez-Restrepo et al. , 2002, 

2004abc) . Each quad rat was measured in  the centre of its undisturbed sward with 

both the SS and the RPM before the sward was cut to ground level .  There were 

3281 quadrats in L. corniculatus and 3239 quadrats i n  pastu re .  
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After the determ ination of OM harvested ,  herbage mass (y) per u nit of RPM (un its , 

x) or  sward surface he ight of SS (cm, x) were calculated monthly as the slope 

component (b) of a l inear equation (y = a + bx) from a simp le l i near regression 

without an i ntercept (a) for both L. corniculatus and pasture. Therefore , g iven the 

average RPM readi ng or  sward surface height and the month of that read ing the 

average herbage mass could be calcu lated . 

Pred iction equations to reduce the main source of variat ion due to seasonal 

changes in swards characteristics were also calcu lated from pooled data across 

years during early spring (August-September) , late spring (October-November) ,  

summer (December-February) , autum n  (March-Apri l) and winter (May-Ju ly) s ince 

this provided more observations, especial ly over winter, to convert both the plate 

meter readi ng and sward surface height measu rements in L. corniculatus and 

pastu re to herbage mass. Monthly and seasonal regressions were com pared 

between forages. 

5.2.4. Climatic conditions 

Annual and seasonal rai nfal l  to compare with 50-year values (New Zealand 

Metereological Service, 1 983) , and d i u rnal soi l  temperatu res (at a depth of 1 0  cm) 

were recorded at R iverside farm throughout the three consecutive years . 

5.2.5. Calculation of data and statistical analyses 

Data for annual and seasonal precip itation and soi l  temperatu re were analysed 

using arithmetic mean values. Data of herbage accumulat ion in each year was 
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analysed us ing the M IXED procedure of SAS (2001 ) .  The l inear model included 

the effects of forage type (L. corniculatus or pasture) ,  month , their interaction and 

the residual e rror. Mu lt iple comparison of least square means for each forage in 

each month were performed . 

The sign ificance of the d ifferences between forage type was not calcu lated 

because the study was a systems experiment without true repl ication .  However, 

s ign ificant d ifferences between means (us ing forage type as repl icates) of annual 

and seasonal grazed net herbage accum u lation rate were analysed us ing the 

PROC MIXED (SAS , 2001 ) with a l i near model that included the effect of forage 

type. Correlat ions between grazed net herbage accumu lation rate and soi l  

temperature were analysed using PROC CORR (SAS, 2001 ) .  

Seasonal patterns of un-grazed net herbage accumulat ion rate were analysed 

us ing the MIXED procedure of SAS (2001 ) ,  with a l i near model for repeated 

measurements that included the effect of forage type, date and their interact ion. 

Using the Akaike's information criterion ,  a compound symmetric error  structu re 

was determined as the most appropriate residual covariance structure for repeated 

measures over t ime (Littel et al. , 1 998) .  

Regression analysis for the predict ion of herbage mass by the use of RPM or  SS 

cal ibration equat ions was performed . Fitness of the model was determined by the 

coefficient of variation (CV) associated with the cal ibration equat ion. The CV was 

calculated as residual standard deviat ion (RSD)/mean of herbage mass. 
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Comparison of regression slopes between L. corniculatus and pastu re were 

performed us ing the PROC GLM (SAS , 2001 ) .  

5.3 RESULTS 

5.3. 1 .  Rainfall and soil temperature 

Annual rainfal l (November-October) was h igher than average i n  2001 -2002, but 

2000-2001 and 2002-2003 were close to the 50-year average (New Zealand 

Metereological Service , 1 983 ; Table 5 . 1 ) .  The summer/autumn  season 

(December-Apri l )  in  2002-2003 was drier  than the 50-year average and the other 

two years (Table 5 . 1 ) . Annual soi l  temperature was h igher i n  2000-2001 than the 

other years , and also the summer/autum n  mean soi l  temperatu re was higher than 

the other two years . 

5.3.2. Annual and seasonal dry matter production 

Total DM product ion that is  net herbage mass accumu lat ion over three years was 

s imi lar  for L. corniculatus and pastu re (Tab le 5 .2) .  Annual DM production of L .  

corniculatus was greater than pastu re i n  2000-2001 , but  was lower than pasture in  

2002-2003 (Table 5.2) . The highest values of  total seasonal DM production for  L .  

corniculatus and pasture were in  summer/autumn and spring with the lowest DM 

production in  winter (Table 5.2) . 
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Table 5.1 . Total and seasonal rai nfal l values compared with the 50-year average 
val ues, and mean d iurnal soi l  temperatu re (1 0 cm depth) over three 
consecutive years at Massey Un iversity's R ive rs ide farm , in the 
Wairarapa on the East Coast of the lowe r North Is land, New Zealand . 

Year/month Rainfal l (mm) Soil temperature (0 C) 

2000-200 1 967 1 5 .8 

Summ er/autumn 1 305 1 7 .2 

Winter2 307 1 0 .9 

Spring3 356 1 6 .8 

200 1 -2002 1 072 1 2 .9 

Summ er/autumn 444 1 6 .8 

Winter 355 8.8 

Spring 273 1 1 .4 

2002-2003 991 1 3.9 

Summ er/autumn 230 1 4.7  

Winter 339 9.3 

Spring 423 1 6 .5 

50-year values4 971 NA 

Summ er/autumn 341 NA 

Winter 306 NA 

Spring 324 NA 

1 Calculated from December to April , May to Julr and August to November3. 
4 Data from New Zealand Metereo logical Service 1 983 recorded at East Taratahi (Wairarapa) 
metereological station 20 km south of the site. 
NA; no apply. 
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Table 5.2. Annual and seasonal d ry matter production (t DM/ha) of perenn ial 
ryegrass/white clover (Lolium perenne/Trifolium repens) pastu re or 
Lotus corniculatus L. (b i rdsfoot trefo i l ;  cv. G rass lands Go/die) averaged 
over three consecutive years in a com mercial d ry land farming system 
on the East Coast in New Zealand . Mean values with standard error 
(S .E .M) .  

Pastu re Lotus p 

Annual productiod 

2000-200 1 7.03 8 .46 

200 1 -2002 9.99 1 0 . 5  

2002-2003 7.06 5 .30 

Seasonal production 

2000-200 1 
Summer/autumn2 1 .98 4 .48 

Winter3 0 .22 0.06 

Spring4 4.82 3 .9 1  

200 1-2002 
Summer/autumn 4. 1 9  3 .70 

Winter 0 .81  0 .95 

Spring 4.97 5.93 

2002-2003 
Summer/autumn 3.64 1 .56 

Winter 0.00 0. 1 3  

Spring 3 .41  3 .60 

Total production 

Annual 8.02 ± 0.98 8.08 ± 1 . 5 1  NS 

Summer/autumn 3 .27 ± 0.87 3 .24 ± 0.66 NS 

Winter 0 .34 ± 0.24 0.34 ± 0 .24 NS 

Spring 4.40 ± 0.49 4 .48 ± 0 .73 NS 

1 Calcu lated from November to October. 
2 Estimated from December to April, May to Ju ll and August to November4. 
NS; no significance. 
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5.3.3. Grazed net herbage accumulation rate 

Patterns of g razed net herbage accum u lation rate for both L. corniculatus and 

pastu re were s im i lar in 2000-2001 (L. corniculatus; 2 1 .87 ± 1 .85 kg OM/ha/day vs. 

pasture ;  1 7 .67 ± 1 .88 kg OM/ha/day) and 2001 -2002 (L. corniculatus; 26 .08 ± 1 .57 

kg OM/ha/day vs. pastu re ; 25.83 ± 1 .59 kg OM/ha/day) , but lower for L. 

corniculatus (8.00 ± 1 .53 kg OM/ha/day) than for pastu re (1 5 .44 ± 1 .53 kg 

OM/ha/day; P < 0 .001 ) in 2002-2003. The grazed net herbage accumulation rate 

of L. corniculatus was greater than for pastu re i n  Oecember (P  < 0 .001 ) ,  January 

(P < 0 .05) , February (P < 0.001 ) and September (P < 0.01 ) i n  the lower rainfa l l  of 

2000-2001 rather than in the wetter condit ions of either 2001 -2002 or 2002-2003 

(F ig .  5 . 1 ) .  The negative grazed net herbage accumu lation rates for some periods 

in  late autumn and winter (Fig. 5 . 1 ) were associated with low soi l temperatures in 

the range 7.0 to 1 2.3° C resu lt ing in  L .  corniculatus (P < 0.05;  r = 0 .35) and 

pasture growth (P = 0.06; r = 0.33) that occu rred more s lowly than the rate of 

senescence . 
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Figure 5.1 . Grazed net herbage accumu lation rate of (- ) perennial ryegrass (Lolium perenne)/white clover ( Trifolium 
repens) pastu re and (+ ) Lotus corniculatus L (b irdsfoot trefoi l ;  cv_ Grasslands Goldie) g rown in the 
Wai rarapa on the East Coast of the North Is land , New Zealand _ Data col lected f rom November 2000 to 
October 2003 . Bars (I) i ndicate pooled standard error for clearer i nterpretation of trends when forages 
sign ificantly  d ifferent (P < 0 .05) .  
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5.3.4. Un-grazed net herbage accumulation rate 

I n  Evaluation 1 ,  the h ighest net herbage accumu lation rate , i n  un-grazed pasture ,  

was observed during late spring and early sum mer at a herbage mass of 6007 and 

9982 kg OM/ha respectively, but from late spring (4053 kg OM/ha) to the end of the 

evaluation (mid summer; 5280 kg OM/ha) L. corniculatus accumu lated less 

herbage mass than pastu re (F ig .  5.2A) . A s im i lar trend f rom in it ial pre-trimmed 

areas was found i n  Evaluation 4: with the highest un-grazed net herbage 

accumu lat ion rate for both L. corniculatus and pasture occurring duri ng late spring 

at a herbage mass of 1 766 and 1 956 kg OM/ha respectively, but from mid 

November onwards, L. corniculatus also accumulated less herbage mass than d id 

pasture (F ig .  5.28) .  

I n  Evaluations 2 and 3 over the summer/autumn periods m inor d ifferences in  the 

dynamics of u n-grazed net herbage accumu lation rate between species were 

detected ( F ig. 5.3) ,  with both species havi ng a negative un-grazed net herbage 

accum u lat ion rate for part of the period. 
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Figure 5 .2 .  Comparative un-grazed net herbage accu mu lation rate (kg O M/ha/day) 
for spring/summer of (. ) perennial ryegrass (Lolium perenne)/wh ite 
clover (Trifolium repens) pastu re and ( .) Lotus corniculatus L. 
(birdsfoot t refo i l ;  cv. G rasslands Gold ie) . Measured from (A) 2 1 /1 0/00 
and 1 2/01 /0 1 and (8) 7/1 0/02 to 1 0/02/03 i n  a commercial d ryland 
pastoral syste m in the Wai rarapa on the East Coast of the southern 
North Is land, New Zealand . Vertical bars (I) indicate pooled standard 
error for clearer interpretation of trends. 
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Figure 5.3. Comparative u n-grazed net herbage accumu lation rate (kg OM/ha/day) 
for summer/autumn of ( . ) perenn ial ryegrass (Lolium perenne)/white 
clover ( Trifolium repens) pasture and ( . ) Lotus corniculatus L. 
(b irdsfoot trefo i l ;  cv. Grasslands Gold ie) . Measured from (A) 1 6/02/0 1 
to 27/04/0 1 and (8) 5/02102 and 1 5/04/02 in a com mercial d ryland 
pastoral farm ing system in the Wairarapa on the East Coast of the 
lower North Is land, New Zealand _ Vertical bars (I) represent poo led 
standard error for clearer i nterpretation of trends. 
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5.3.5. Estimation of yields 

Monthly herbage mass cou ld  be predicted i n  L. corniculatus fro m  plate meter 

readings un its (Table 5.3) and sward su rface height (Table 5.4), with the l inear 

regression cal ibration equations account ing for 71 -89% and 67-91 % of the 

variabi l ity (r) i n  the data set, respectively. S lopes of  the L. corniculatus 

regressions were consistently different (P  < 0.0001 ) from those of pasture, with the 

L. corniculatus regressions having a lower s lope w ith plate meter readings un its 

du ring late summer/autumn ,  mid and late winter, and early spri ng, wh i lst slopes i n  

m id winter and early spring f rom sward su rface height measu rements were h igher 

than those for pastu re . .  

Additional ly, s lopes for the pooled cal ibration regressions t o  est imate changes i n  

seasonal herbage mass measured to  ground level from plate meter readi ngs un its 

were significantly lower (P < 0.000 1 ) in L. corniculatus than in pasture over the 

summer/autumn period , whi lst the regressions for sward surface height 

measurements had consistently lower slopes (P  < 0 .0001 ) i n  L .  corniculatus than 

i n  pastu re throughout the year (Table 5 .5 ,  F ig .  5 .4 and 5.5) .  
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Table 5.3. Comparative monthly regression parameters to est imate herbage mass (Y; kg OM/ha) at g round leve l from 
plate meter readings (X) for perenn ial ryegrass ( Lolium perenne)/wh ite clover ( Trifolium rep ens) pasture or  
Lotus corniculatus L. (b irdsfoot trefoi l ; cv. Grasslands Goldie) . 

Pasture Lotus 

Month n @1 se 1 CV n @1 se CV Sign ificancea 

January 358 1 60.76 3 . 1 2 0.88 37.7 355 1 65.00 3.75 0.85 42.6 0.0001 

February 337 1 93.45 3.04 0.92 3 1 .0 359 1 45.36 3.83 0.80 5 1 .0 0.0001 

March 395 21 8.63 3.72 0.90 36.3 401 1 84.79 4.32 0.82 49.2 0.0001 

April 3 1 4  203.58 4.00 0.89 36.5 3 1 5 1 99. 1 4  7.20 0.71 62.2 0.0001 

May 1 52 1 41 .76 6.55 0.76 55.0 1 43 1 61 .23 7.62 0.76 53.7 0.0001 

June 1 1 2 221 . 57 7.68 0.88 37.5 1 1 2  21 7.88 9.48 0.83 44.8 0.0001 

July 88 203.69 8.38 0.87 43.3 93 1 71 .24 7.07 0.86 39.5 0.0001 

August 1 60 1 55.62 6.75 0.77 63.4 1 56 1 5 1 . 78 6.01 0.80 49. 1 0.0001 

September 1 84 1 27. 1 2  5.71 0. 73 60. 1 1 9 1 1 50.37 3 .79 0.89 37.6 0.0001 

October 235 1 36.46 3.88 0.84 50.3 244 1 43.44 3 .58 0.87 4 1 .3 0.0001 

November 306 1 37.87 3.07 0.87 40.7 3 1 4  1 62.71 4.08 0.84 45.4 0.0001 

December 41 0 1 53.30 3 .58 0.82 47.4 428 1 60.09 3.55 0.83 44.6 0.0001 

Observations for analysis (n) .  
Slope (/31 ) . 
Coefficient of determination (I). 
Coefficient of variation (CV) . 
a Significance of difference between slopes (/31) of pasture and L. corniculatus. 



N 
N 
o 

Table 5.4. Comparative slopes (r3 1 )  requi red to formu late a cal ibration regression (Y = r31 x) between herbage mass (kg 
OM/ha) from ground level and sward stick height (sward height; cm ; X) for peren nial ryegrass (Lolium 
perenne)/white clover ( Trifolium repens) pasture o r  Lotus corniculatus L. (b i rdsfoot trefoi l ; cv. Grasslands 
Goldie). 

Month n 

January 298 

February 328 

March 395 

April 3 1 4  

May 1 52 

June 1 1 2  

July 88 

August 1 60 

September 1 84 

October 222 

November 228 

December 294 

Observations for analysis (n) .  
Slope (�1 ) '  
Coefficient o f  determ ination (I) .  
Coefficient of  variation (CV) . 

Pasture 

@1 se 1 CV 

208.60 5.02 0.85 41 .7 

21 2.60 4.96 0.85 43 .7 

268.62 5.68 0.85 43.9 

249. 1 2  6.38 0.83 45.9 

1 48.78 8.77 0.66 65.3 

271 .44 1 0.55 0.86 41 .4 

282.28 1 8.93 0.72 64. 1 

1 37.20 1 0.51 0.52 91 .7 

1 62. 1 9  7.07 0.74 58.8 

1 69.84 6.01  0.78 59.0 

1 99.94 5.87 0.84 45.3 

1 9 1 .42 6.93 0.72 56.3 

a Significance of difference between slopes (�1 ) of pasture and L. corniculatus. 

Lotus 

n @1 se 1 CV Significancea 

281 1 68.08 4. 1 9  0.85 41 .8 0 .0001 

304 1 39. 1 9  4.57 0.75 56.7 0 .0001 

367 1 81 .01 4.93 0.79 53.5 0 .0001 

3 1 5  1 89.44 6.86 0.71 62.3 0.0001 

1 43 1 34.08 7.94 0 .67 63. 1 0.0001 

1 1 2 275.02 1 1 .05 0.85 41 .9 0.0001 

93 1 94.04 1 3.39 0.70 59.2 0.0001 

1 56 1 62.06 6 .89 0.78 52.0 0.0001 

1 9 1  1 49.58 3 .73 0.91  34.0 0.0001 

1 77 1 64. 1 3  4.98 0.86 42.3 0.0001 

237 1 89. 1 5  4.97 0.86 41 .6 0 .0001 

262 1 81 .33 4.99 0.83 43.3 0 .0001 
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Table 5.5. Comparative seasonal s lopes (� 1 ) requ i red for the predict ion of herbage mass (Y = �1 x; kg DM/ha) at ground 
level f rom plate meter readings and sward stick height (sward height; cm) for perenn ial ryegrass (Lolium 
perenne)/white clover ( Trifolium repens) pasture or Lotus corniculatus L. (b i rdsfoot trefo i l ;  cv. Grass lands 
Goldie) . 

Pasture Lotus 

n @1 se 1 cv n @1 se cv Significancea 

Plate meter 

Early spring 1 344 1 34.22 4.33 0.74 63.0 347 1 50.66 3 . 1 0  0.87 41 .7 0.0001 

Late spring2 541 1 37.55 2.37 0.86 44 .2 558 1 53.82 2.79 0.85 44.4 0.0001 

Summer3 1 1 05 1 62.25 2.09 0.85 42.7 1 1 43 1 57.88 2. 1 5  0.82 46.0 0.0001 

Autumn4 709 2 1 1 .65 2.73 0.89 36.5 7 1 6  1 89.09 3.76 0.78 54.6 0 .0001 

WinterS 352 1 70.20 4.68 0.79 5 1 .3 348 1 77.49 4.89 0.79 49.4 0 .0001 

Sward stick 

Early spring 344 1 54 .31  5.90 0 .67 71 .0 347 1 51 .80 3.00 0.88 40.2 0.0001 

Late spring 450 1 88.77 4.25 0 .81  5 1 .3 4 1 4  1 78.43 3.60 0.86 42.7 0 .0001 

Sum mer 920 203.45 3.33 0.80 48.6 847 1 63. 1 1 2.70 0 .81  47.8 0 .0001 

Autu mn 709 259.62 4.25 0.83 44.9 682 1 84.22 4.04 0.75 57.5 0 .0001 

Winter 352 1 88.42 7 .01  0.67 64.3 348 1 66.77 6.28 0.67 62. 1 0 .0001 

1 Calcu lated from August/September; 2 October/November; 3 December/February; 4 March/Apri l ;  S May/July. 
Observations for analysis (n) .  
Slope (� 1 ) '  Coefficient of determination (I) .  Coefficient of variation (CV) . 
a Sig nificance of difference between slopes (�1)  of pasture and L. corniculatus. 
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Figure 5.4. Cal ibration regressions to est imate herbage mass (kg OM/ha) as a function of plate meter reading (un its) for 
Lotus corniculatus L. (birdsfoot trefo i l ;  cv. Grasslands Goldie) during (A) early spring, (8) late spri ng, (C) 
summer, (0) autumn and (E) winter. 
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Figure 5.5. Comparative cal ibration regressions during early (A) and late (8) spring, summer (C), autumn (0) and winter 
(E) to est imate herbage mass (kg OM/ha) at ground level from sward stick height (cm) for Lotus corniculatus 
L.  (b i rdsfoot trefoi l ;  cv. Grasslands Goldie) . 
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The objectives of th is study were f i rstly to determ ine seasonal and annual growth 

patterns of herbage accumulation of semi-erect Lotus corniculatus L. (bi rdsfoot 

trefo i l ;  cv. Grass lands Goldie) in a commercial dryland pastoral system over a 

three-year period re lative to perennia l  ryegrass/white c lover ( Lolium 

perennelTrifolium repens) , under rotational g razing by sheep. Secondary 

objectives were to evaluate seasonal dynamics of net herbage accumu lat ion rate 

i n  L. corniculatus and pastu re and to develop cal ibration regressions to predict L. 

corniculatus herbage mass by the use of the ris ing plate meter or  the sward stick. 

The most sign if icant f indings were that L. corniculatus growing in a moderate ly 

ferti le and acid ic soi l  in a d ryland environment exh ib ited a s im i lar level of seasonal 

and total OM p roduct ion to that of pasture .  

I t  i s  difficu lt to draw strong conclusions about the causes that l im ited the herbage 

mass accumu lation of L .  corniculatus in the th i rd year under graz ing management. 

However, these resu lts m ight be explained as fol lows. The short l i fespan of lateral 

branches and leaves being grazed by sheep resu lted in  s low regrowth which might 

have encouraged weed invasion (Barry et al. , 2003) . Previous ly Van Keu ren and 

Oavis ( 1 968) , Van Keu ren et al. ( 1 969) and Chapman et al. ( 1 990) reported 

reduced persistence of L. corniculatus under g razing management. 

Turkington and Franko ( 1 980) found that L. corniculatus is largely dependent upon 

carbohydrate product ion from the canopy photosynthetic area rather than from root 

reserves . This is in contrast to a larger tap-root legume,  such as lucerne,  but is  
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probably explainable, because whi lst the regrowth of L. corniculatus depends 

largely on active upper axi l lary branching ,  lucerne tends to grow from both the 

crown (Nelson and Smith, 1 968ab) and carbohydrate root reserves (Nelson and 

Smith ,  1 969) .  Al ison and Hoveland ( 1 989) showed yield reductions of 49% in 

cu ltivars of L. corniculatus after two years when the stubble height decreased f rom 

1 0  to 3 cm duri ng the spri ng with a 21 -day harvest i nterval ,  whi lst stand density of 

p lants decreased by 48%. Defol iation height is often important to yield , especial ly 

du ri ng summer, when carbohydrates root reserves in L. corniculatus are at a low 

leve l ,  contrary to autumn when vegetative growth ceases (Smith, 1 962; Smith and 

Ne lson , 1 967) . Greub and Wed in  ( 1 971 ) reported that close defo l iation to 3 .8 cm 

removed leaf area, axi l lary bud s ites and increased crown and root diseases . Th is 

is  consistent with the observation by Van Keuren and Davis ( 1 968) who i nd icated 

that L. corniculatus persists at a productive level better under rotational than u nder 

cont inuous grazing management. More recent studies (Ayala ,  2001 ) strongly 

suggest that 20 to 30 day graz ing intervals and defol iation heights of 6 cm to 1 0  

cm duri ng spring, and moderate cutti ng heights (� 6 cm) with rest periods duri ng 

summer, were critical for pers istence of L. corniculatus. Defo l iation in  late autumn 

and  low cutting height (4  cm)  or grazing i n  winter are detrimental to  persistence . 

Thus ,  it might be assumed that under graz ing management the rate of regrowth i n  

L. corniculatus i s  a funct ion of the residual leaf area (RLA) , cutti ng o r  graz ing 

height and the carbohydrate supply from the photosynthetic t issues or root 

reserves.  However, it is possib le that under year-round grazing conditions the 

desired RLA occu rs before the planned defo l iation height ,  which cou ld potent ial ly 
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s low the fodder crop regrowth. Consequently, it is necessary to u nderstand the 

balance between herbage mass, defol iation height and RLA to develop an  

ind icator for lax o r  i ntensive grazing that al lows adequate g razing practices to 

red uce the risk of poor sward persistency. More i ntensive research is requ i red o n  

popu lat ion dynamics under f ield condit ions. 

Based on the cl imatic variat ion reported (Table 5. 1 ) , it seems l i kely that fai l u re of 

seed germ ination and early seed l ing establ ishment from the soi l  seed reserves to 

replace the orig inal p lants could have occu rred , particu larly du ring the wet 

condit ions in year 2001 -2002 due to a combination of factors such as low ambient 

temperatures and moisture stress during both early spring and autumn .  L .  

corniculatus has poor seed l i ng vigou r  (Seaney and Henson, 1 970; Foulds ,  1 978; 

Beuse l inck and Grant, 1 995) so requ i res a long establ ishment period . Therefore , 

sub-opt imal plant density cou ld have contributed to a reduced L. corniculatus O M  

production during the th ird growing season.  McGraw et al. ( 1 986) fou nd that plant 

popu lation density (PPO) is critical in L. corniculatus as it requ i res a m in imum PPO 

o f  30  plants/m2 for h igh OM product ion.  Consequently, i n  i nterpret ing the 

responses i n  th is study i t  appears that under g raz ing management al lowing a rest 

period at least every two years to al low natural  reseeding and early seedl ing 

g rowth during summer/autumn cou ld substantial ly reduce stand losses. Further  

agronomic research with emphasis on  grazing management, prostrate and winter 

active cu ltivars , stem palatab i l ity, increased leaf/steam rat io and improved 

persistence reducing weed invasion of L. corniculatus is sti l l  requ i red. 
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The negative growth rates i n  Figu re 1 for some periods in late autumn and winter 

were l ikely due to low temperatures, resu lt ing i n  L. corniculatus and pasture growth 

that was occurring more slowly than the rate of senescence, as a consequence 

presumably of reduced root activity in water and nutrient uptake (Sonneveld , 

1 962) . The opt imum temperatu re range for L. corniculatus and pasture is  1 8  to 25° 

C (Mitche l l ,  1 956ab ; Kunel ius and Clark, 1 970) .  Growth of L. corniculatus ceases 

below 9° C and that of perennia l  ryegrass ceases below 6° C (M itchel l ,  1 956ab ; 

Kunel ius and Clark, 1 970) . 

The resu lts of this study highl ighted the importance of mon itoring herbage mass for 

eff icient forage management and to meet an imal production targets over the entire 

year (Ramfrez-Restrepo et al. , 2004abc) . This is the f i rst attempt to associate L. 

corniculatus herbage mass with plate meter read ings and sward surface height. 

The relationship between herbage mass and both plate meter read ings and sward 

stick height suggested that cal ibration regressions from both procedu res are 

potential options for the est imation of L. corniculatus herbage mass i n  spring. 

However, both techn iques are un l ikely to be su itab le for the semi-erect L. 

corniculatus (B i rdsfoot trefoi l cv. Grass lands Goldie) in  summer, when the 

accu racy of these calibration equations, as measured by their coefficient of 

determination (i) ,  or their coefficient of variat ion (CV; F ig .  4 & 5) is low (Piggot, 

1 986 ; Thomson, 1 986). Also, the seasonal changes in the structu re and 

morpho logy of L. corniculatus make it un l ikely that a s imple method for pred ict ing 

herbage mass of L .  corniculatus throughout its g rowing season can be developed . 
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The changes in the slopes and regression equations to predict herbage mass of L. 

corniculatus between spring and summer are most l ikely re lated to the product ion 

of erect f lowering stems and the resu lt ing changes in the morphological structu re 

of the sward . Various authors (Earle and McGowan 1 979;  Thomson ,  1 983;  

Stockdale, 1 984; Barthram , 1 986; Thomson , 1 986 ; L'Hu i l ler  and Thompson , 1 988;  

Thomson et al. , 1 997) have reported that c l imate, forage type , growth habit, plant 

morphology, botanical composition ,  plant dens ity , OM content, soi l  su rface and 

operator are components of variation that affect the accuracy of predict ion 

equations for herbage mass.  The RPM measu res a combination of plant density 

and height (Hodgson , 1 990) , and SS the sward su rface height (Barthram , 1 986) , 

with both methods developed to be appl ied on forages with h igh t i l ler  popu lat ions 

and prostrate growth habit (Hodgson ,  1 990) . 

I n  summer the most re l iable option is  to estimate herbage mass of L .  corniculatus 

by cutt ing samples to g round level with a descrpt ion of the botan ical composit ion of 

the sward . Additional ly, the variabi l ity in the slopes of the cal ibration equations 

re lative to pasture suggests that, i n  d ryland conditions,  f u rther studies on the 

estimat ion methods of est imating pastu re avai lab i l ity are requ i red , s ince standard 

equations have not been calcu lated from data col lected i n  d ryland env i ronments in  

New Zealand (P iggot, 1 986 ; L'Hu i l ler  and Thompson, 1 988;  Hainsworth ,  1 999 ;  

B ishop-Hurley, 1 999) . 

Records quoted by Radcl iffe (1 975) and Bologna et al. ( 1 996) ind icate that i n  a 

d ryland environment, OM production of pasture and L. corniculatus ranges from 

8.9 to 1 4 .9 t OM/ha and from 7.5 to 1 3. 1  t OM/ha respectively. The present study 
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provides d i rect evidence that L. corniculatus is as productive as perennial 

ryegrass/white clover pasture in  the moderate P ,  acid ic soi l and d ryland condit ions 

of the Wai rarapa and has the potential to support commercial sheep farm ing 

systems. 
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CHAPTER SIX 

ABSTRACT 

Three d igestion experiments involvi ng cryptorchid weaned lambs were conducted 

for 1 4  days over the spring ,  summer and autumn to dete rmine the in vivo 

digest ib i l ity of dry matter (DMD),  organic matter (OMD) ,  d igestib le organic matter i n  

the dry matter (DOMD) and est imated metabol isable energy (ME)  concentration of 

Lotus corniculatus L. (b i rdsfoot trefoi l ;  cv. Grasslands Goldie) at d ifferent stages of 

matu rity. The experiments were carried out i ndoors at Massey U niversity 's  

Riverside farm , in  the Wairarapa, North Is land , New Zealand. In vivo d igestib i l ity 

samples were used as standards to i nvestigate if the enzymatic in vitro system of 

Roughan and Hol land ( 1 977) cou ld predict OMD and DOMD of condensed tann i n  

(CT)-contain ing L. corniculatus. 

Digest ib i l ity of L. corniculatus decl ined as it matured , but the rate of decl ine was 

m uch less than that wh ich occu rs for temperate grasses and for white clover. It 

was concl uded that the in vitro enzymatic system of Roughan and Hol land ( 1 977) 

can be used to predict OMD and DOMD of L .  corniculatus, provided a standard 

curve i nvo lving in vivo data generated with L. corniculatus is used. Using a 

standard curve with in vivo data from perenn ial ryegrass (Lolium perenne)/white 

clover ( Trifolium repens) pasture led to bias which increased at lower OMD values.  

Reasons for the d ifferences between L. corniculatus and pastu re standard curves 

are discussed , i nc lud ing possible effects of CT. 

Keywords: Lotus corniculatus; condensed tann ins ;  perennial ryegrass/white clover 

pastu re ; in vivo digestib i l ity; in vitro digestib i l ity. 
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Abbreviations: CT, condensed tann ins ;  cv, cu ltivar; OM , dry matter; DOMD, 

d igestib le organic matter i n  the dry matter (g)/1 00 g OM; EAA, essential amino 

acid ;  kJ ; ki lo jou les ; ME, metabol isable energy concentrat ion; MJ,  mega joules;  

NDF,  neutral detergent f ibre ;  OM, organic matter; OMD organic matter d igestib i l ity. 

6.1 INTRODUCTION 

Lotus corniculatus L. is  a temperate forage legume p lant for d ryland farm ing that 

contains condensed tann ins (CT; 30-40 g/ kg OM) , which are known to improve 

the efficiency of protein  d igestion in ruminants (Waghorn et al. , 1 987) . I n  grazing 

tria ls ,  act ion of CT has increased animal production f rom L. corniculatus (Wang et 

al. , 1 996ab; Min et al . , 1 998, 1 999, 2001 ; Ramfrez-Restrepo et al. , 2002, 2004ab). 

In grazing experiments there is a need to predict the organic matter d igest ib i l ity 

(OMO) and d igest ib le organic matter in the dry matter (OOMO) in the d iet of 

an imals grazing CT-contain ing forages, re lative to that of sheep grazing non-CT 

forages , such as perenn ial ryegrass (Lolium perenne)/wh ite clover ( Trifolium 

repens) (80: 20) pasture, which is the normal forage on New Zealand (NZ) farms. 

One such in vitro predict ion technique is  that of Roughan and Holland ( 1 977) , 

which i nvolves neutral detergent extraction of ground herbages, fol lowed by an 

i ncubation at 50° C with fungal cel lu lase (3. 2 . 1 .4; I nternational U nion of 

B iochemistry,  1 984) and hemicel l u lase enzymes,  and which was orig inal ly 

val idated to pred ict the d igest ib i l ity of d ry matter (OMO) and OMO in non CT­

contain ing temperate and tropical grasses, and temperate legumes. 
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Objectives of the present study was to measure in vivo OMD and DOMD in L. 

corniculatus as it matured and then to use d iet samples f rom these in vivo stud ies 

as standards to i nvestigate if the in vitro system of  Roughan and Ho l land (1 977) 

cou ld  be used to predict OMD and DOMD of eT -conta in ing L. corniculatus. 

6.2 MATERIALS AND METHODS 

6.2. 1 .  Forage and diets 

Plots  in a pure sward of Lotus corniculatus L. (b i rdsfoot trefoi l ;  cv. Grasslands 

Gold ie) (Ramfrez-Restrepo et al. , 2003) were mechan ically harvested at three 

d isti nct stages of growth duri ng the f lowering season i n  summer 2001 (very short 

vs. short; Experiment 1 ) , vegetative growth in  spring 2002 (short vs. long ;  

Experiment 2) and mature stage in autumn 2003 (pods formed vs. pods conta in ing 

seeds; Experiment 3) .  Al l  feeds were harvested dai ly  between 07.30 and 08.30 

hours with a s ickle bar mower at a height of approximately 5 cm above ground 

level ,  p icked up and del ivered to the animal house. 

6.2.2. Animals and in vivo digestibility 

Three in vivo d igestib i l ity experiments , i nvolving 1 2  male cryptorchid lambs (6 per  

feed) ,  were each conducted for  fou rteen days. The lambs were i nd ividual ly fed in  

metabol ism cages, with the f i rst half of  each tr ial be ing to accustom lambs to thei r  

surroundings and to the new feed . Harnesses were then f itted for faeces 

col lection.  Fresh feed was offered dai ly at 09.30 and 1 6 .30 hours .  Water was 

avai lable ad libitum. For the adjustment period feed was avai lab le ad libitum u nt i l  
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i ntake stab i l ised at the desired level of 1 .3 kg OM/Iamb/day. Feed offered ,  residues 

remai n ing and faeces produced were then measured over a 7 day col lectio n 

period . 

L ive weight was recorded at the start and the end of each experiment ,  with the 

mean values (± SE)  being 45.2 ± 1 .07 kg (Experi ment 1 ) , 47.0 ± 1 . 1 2  kg 

(Experi ment 2) and 41 .8 ± 1 .07 kg for Experi ment 3 .  During the co l lection period , 

samples of feed offered and of the residue left by each sheep were taken daily for 

OM determ ination (drying for 1 6  h at 800 C) and for nutritive value analysis (stored 

at - 200 C) . 

Faeces were co l lected at 1 1 .00 hours from each animal for 7 days, we ighed each 

day and pooled separate ly for each ani mal and stored at - 200 C. At the end of 

each expe ri ment, faeces were thawed for 3 days, mixed and tripl icate samples 

taken for OM dete rmi nation by dryi ng for 72 hours at 800 C in a forced-ai r oven 

(Contherm ; Thermotec 2000 ; New Zealand) .  Add it ional samples (300 g) from the 

mixed faeces of each animal we re stored at - 200 C for labo ratory analys is .  

6.2.3. Analyses 

Al l  samples of feed offered, feed refused and faeces were freeze-dried using a 

Cuddon 061 0 freeze d rier (W .G.G. Cuddo n Ltd , Blen heim,  New Zealand), and 

grou nd to pass through a 1 -mm diamete r s ieve (Wi ley m i l l ,  Swedesboro ,  USA) 

befo re laboratory analys is .  Samples were analysed for OM ,  ash and gross energy 

(kJ/g OM).  In vivo digestibi l ities of dry matte r, organic matter and digest ib le organic 
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mater in the dry matter were calcu lated and metabolisable energy (ME)  in MJ/kg 

DM was calcu lated as 1 6 .3 x DOMD (U lyatt et al. , 1 980) .  

6.2.4. In vitro digestibility 

In vitro digestib i l ity of ground freeze dried herbage samples was performed us ing 

the techn ique of Roughan and Hol land ( 1 977) ,  which has an in itial so lub i l isat ion 

step with hot (90-96° C) neutral detergent solut ion ,  fo l lowed by centrifugat ion and 

washing the residue three t imes. Residues are then incubated with standard ised 

fungal ( Trichoderma reese/) cel l u lase and hemice l l u lase enzymes at 50° C for 5 

hours ,  separated by centrifugation and incubated for a further 1 5  hours .  The 

technique therefore measures the combined total solub i l isation plus enzymatic cel l  

wal l  degradation. The procedure is  ab le to predict in vivo d igestib i l it ies of forages 

by comparing their in vitro d igestib i l ity values with the known in vivo values of the 

standards. To compare accu racy for pred ict ing the d igest ib i l ity of CT-contain i ng 

forage samples, s ix separate repeat runs were performed us ing the in vivo L. 

corniculatus samples col lected in this study as standards ;  in vivo pastu re 

standards were also run at the same t ime, so that the L. corniculatus and pastu re 

standard curves could be compared . 

6.2.5. Statistical analyses 

For herbage harvested at each stage of maturity , analys is of variance for dai ly 

intake, in vivo digestib i l ity of DM,  OMD, DOMD and M E  concentrat ion were 

performed using the MIXED procedure of SAS (200 1 ) .  The l inear model 

considered the fixed effects of d iet, with f inal l ive weight of each lamb used as 
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covariate. Regressions for standard cu rves of in vivo on in vitro digestib i l ity for al l  

experiments were estimated using PROC REG (SAS, 2001 ) .  Comparisons of 

regression slopes and intercepts between L. corniculatus and pasture standard 

curves were performed us ing the PROC GLM (SAS , 2001 ) .  

6.3 RESULTS 

Digestib i l ity of L. corniculatus declined between the three experiments as the plant 

matu red (Table 6 . 1 ) ; however the decl ine of in vivo d igestib i l ity of DM,  OM and 

DOMD, and esti mated ME concentrat ion was not large.  At each of the three stages 

of matu rity, d igest ib i l ity and estimated ME values between the two forms of L. 

corniculatus were not signif icantly d iffe rent. 

In vivo d igestib i l ity of L. corniculatus could be accu rately predicted f rom its in vitro 

OMD (Tab le 6 .2) and DOMD (Table 6 .3) ,  with the l i near regressions accounting for 

9 1 -97 of the variab i l ity (�) and being repeatab le over the s ix experiments. A s im i lar 

level of precis ion was found for the pasture standard curve. Neverthe less, the 

s lopes and i ntercepts of the L. corniculatus standard cu rves were consistently 

d ifferent (P < 0 .00 1 ) from the pasture standard curves in  al l six experiments, with 

the L. corniculatus regressions having a lower slope but h igher i ntercept (F ig .  6 . 1 ) . 

Th is resu lted i n  the two regression l i nes intersect ing (F ig. 6 . 1 ) ; averaged over al l  

the six experiments the mean in vivo values where the l ines intersected was 0 .72 

for OMD and 0 .67 un its for DOMD. 
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Table 6.1 . Chemical composit ion and least square mean values (± SE) of daily intake , in vivo d igestib i l ity for d ry matter, 
organic matter, d igestib le organic matter in the dry matter and estimated metabol isable energy concentrat ion 
(ME, MJ/ kg DM) of Lotus corniculatuts L. (b irdsfoot trefo i l ;  cv. Grasslands Goldie) at d ifferent growth stages, 
determined with cryptorchid weaned lambs. 

Vegetative Flowering Very mature 

Short lotus Long lotus Very short Short lotus Lotus with Lotus with 
lotus pods formed pods 

containing 
seeds 

Chemical comgosition 

Total N (g/kg OM) 35. 1 34.6 27.2 23.3 25. 1  1 6.9 

Total CT (g/kg OM) 28.7 26.2 1 4. 9  2 1 .3 24.7 8.3 

Bound CT (g/kg OM) 1 8.3 7.9 8 . 1  8 .7  8.4 7.0 

(% total CT) 28.9 30. 1  54.3 40.8 34.0 84.3 

I ntake 

Kg OM dal 1 .45 ± 0.03 1 .40 ± 0.03 1 . 1 0  ± 0.02 1 .24 ± 0.03 1 .40 ± 0.03 1 .28 ± 0.03 

Digestibil ity 

Dry matter (proportion OM) 0.722 ± 0.007 0.730 ± 0.007 0.670 ± 0.0 1 0  0.661 ± 0.0 1 0  0.650 ± 0.0 1 3  0.620 ± 0.0 1 3  

Organic matter (proportion OM) 0.736 ± 0.006 0.742 ± 0.007 0.687 ± 0.0 1 0  0.676 ± 0.0 1 0  0.661 ± 0.0 1 3  0.626 ± 0.0 1 3  

Digestible organic matter (proportion OM) 0.673 ± 0.006 0.683 ± 0.007 0.640 ± 0.009 0.634 ± 0.009 0.622 ± 0.0 1 2 0.590 ± 0.0 1 2 

Metabol isable energy 

MJI kg OM 1 1 .0 ± 0. 1 0  1 1 . 1  ± 0 . 1 1 1 0.4 ± 0. 1 6  1 0.3 ± 0. 1 6  1 0. 1  ± 0.20 9.6 ± 0.20 

1 Bound CT = ( (protein-bound + fibre-bound CT)/total CT) .  2 Adjusted to equal final lamb l ive weight. 
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Table 6.2. Standard curves for the predict ion of in vivo organic matter digestib i l ity (OMD;  y) from in vitro organic matter 
d igestibi l ity (Roughan and Hol land, 1 977) (x) for  perennial ryegrass/white clover (Lolium perennelTrifolium 
repens) pasture (80 :20) or Lotus corniculatus L. 

Ex�eriment Pastu re curve r Lotus curve r Egu ivalence �oints 1 
y x 

1 y = 0.704X + 0 . 1 77 0 .9655 Y = 0 .466X + 0.374 0.97 1 0  0.7702 0.8438 

2 y = 0.689X + 0.229 0.9725 Y = 0.36 1 X  + 0.458 0.9423 0.71 08 0.6995 

3 y = 0.774X + 0. 1 34 0 .9363 Y = 0.389X + 0.41 1 0.9469 0 .6904 0.71 86 

4 y = 0.666X + 0.24 1 0 .9 1 83 Y = 0.442X + 0.409 0.9 1 59 0.7403 0.7499 

5a y = 0.698X + 0.223 0 .9375 Y = 0 .398X + 0.432 0.9 1 62 0.71 00 0.6979 

5b y = 0.674X + 0.237 0 .9508 Y = 0.38 1 X  + 0.446 0.951 2 0.71 99 0.7 1 75 

1 The y and x values where the two regression l ines intersect. 
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Table 6.3. Standard curves for the pred iction of in vivo digestible organic matter in  dry matter (DOM D;  y) from in vitro 
DOMD (Roughan and Hol land, 1 977) (x) for perenn ial ryegrass/wh ite clover (Lolium perenneiTrifolium rep ens) 
pastu re (80 :20) or Lotus corniculatus L. 

Experiment 

1 

2 

3 

4 

5a 

5b 

Pastu re curve 

y = 0.728X + 0. 1 47 0.9768 

y = 0.700X + 0.209 0.9271 

Y = 0.768X + 0 . 1 1 9  0.9567 

y = 0.66 1 X  + 0.2 1 5  0.9579 

y = 0.694X + 0. 1 99 0.9658 

Y = 0.659X + 0.2 1 7  0 .9737 

1 The y and x values where the two regression lines intersect. 

Lotus curve ,-2 

Y = 0.409X + 0.386 0.9620 

Y = 0.31 2X + 0.455 0.9467 

y = 0.340X + 0.4 14  0.9484 

y = 0.388X + 0.41 2 0 .9222 

Y = 0.346X + 0.433 0.9 1 34 

Y = 0.329X + 0.446 0.9506 

Equivalence points 
1 

y x 

0.6922 0.7491 

0.6527 0.6342 

0.6487 0.6895 

0.691 2 0.71 98 

0.6658 0.6727 

0.6739 0.693 1 
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Figure 6.1 . Relationsh ips between in vivo and in vitro digest ib i l ity for (A) organic 
matter d igest ib i l ity (OM D) and (8) digesti ble organic matter in dry 
matter (DOMD) for Experiment 2 ,  using sam ples of the diet selected 
by sheep grazing (.) Lotus corniculatus L. (b irdsfoot trefoi l )  and ( . ) 
peren n ial ryegrass/wh ite clover (Lolium perenne/Trifolium repens) 
pasture ,  
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The objectives of these experiments were f i rstly  to measure effects on in vivo OMD 

and DOMD in  L .  corniculatus as the plant matured from the vegetative to  the very 

mature stage. A secondary objective was to determine if the enzymic in vitro 

system of Roughan and Hol land (1 977) cou ld be used to predict accurate ly OMD 

and DOMD of eT  -contain ing L .  corniculatus. The most signif icant f ind ings were 

that as L. corniculatus matures, the dec l ine in in vivo OMD and DOMD is less than 

wou ld be expected for g rass based-pastures (Waghorn and Barry, 1 987) and that 

the enzymic system of Roughan and Hol land ( 1 977) can be used to predict in vitro 

digestib i l ity of L. corniculatus, provided a standard cu rve of in vivo samples 

determined with an imals fed L. corniculatus is used. 

From Figu re 6.1 it can be seen that the bias i nvolved in pred icti ng the OMD of L. 

corniculatus samples using a standard curve prepared with perenn ial 

ryegrass/white clover pasture ( i .e .  the normal for NZ) wou ld depend if the sample 

OMD was above or below the point at which the L .  corniculatus and pastu re 

standard curves i ntersect ( i .e .  the equ ivalence point) . For values of OMD above 

the equivalence point, us ing a pasture standard curve wou ld overestimate the 

OMD of L. corniculatus, whereas be low the equ ivalence point it wou ld 

underest imate OMD. 

Reasons for  over-estimation are that the in vitro method of  Roughan and Ho l land 

(1 977) extracts sol uble substances i n  the in it ial solub i l isat ion step and therefore 

assu mes them 1 00% digested, when they may be digested less than th is in vivo. 
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An example is CT, that is not digested at a l l  (Terri l l  et al. , 1 994) . However, th is is 

un l ikely to be a major sou rce of error, as few in vivo OMD values for L. 

corniculatus (Table 6 . 1 ) were above the equ ivalence poi nt .  

Reasons for under-estimation are that the pasture-based standard curve i s  based 

upon forages that are predomi nantly perennial ryegrass and other grasses, with a 

low legume content and the Roughan and Hol land (1 977) method does not have a 

pepsin/trypsin digestion step to dupl icate post-ru minal d igestion . Relative to 

peren nial ryegrass ,  less legu me nitrogen (N)  is d igested in  the ru men and more N 

is  d igested i n  the smal l  intestine (McRae and Ulyatt , 1 974) . With the action of CT, 

the legume effect on this is l ikely to be even greater for L. corniculatus (Wag horn 

et al. , 1 987) , with a greater proportion of the N d igested in  the small i ntest ine .  

Because the in vitro method does not have a pepsi n/trypsin step, i t  may 

underestimate the in vivo value of legu mes and speci al ly L. corniculatus when a 

pasture standard cu rved is used . This is l i kely to be a su bstant ial sou rce of error, 

as most L. corniculatus in vivo OMD values (Tab le 6 . 1 ) are be low the equ ivalence 

point. The only sure way of avoid ing e ither over-est imation or under-estimation is 

to use a standard cu rve constructed with L. corniculatus, when using in vitro resu lts 

to pred ict the in vivo OMD of CT -contain ing L. co rniculatus. 

It is  poss ible that the neutral detergent extraction may leave a residual co mponent 

of CT in  the residue (Merkel et al. , 1 999) . If this occurs, it is l ikely to inh ib it the 

ce l lu lase/hemice l lu lase enzymes in the Roughan and Hol land (1 977) method and 

may lower in vitro OMD figures . There is evidence of th is in Fig ure 6 . 1 , for values 

below the equivalence point, where in vitro OMD and DOMD (at a g iven in vivo 
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val ue) are lower for the L. corniculatus standard curve that for the pastu re standard 

curve. This can easi ly be corrected by using a standard cu rve also constructed 

with in vivo values from sheep fed L. corniculatus. It may be that separate standard 

curves are needed for each CT -contain ing forage. 

Near infrared reflectance spectroscopy (N I RS) is  a technique that is gai ning 

popu larity for pred icti ng nutritive value (Clark, 1 985) ,  including OMD (De Boever et 

al. , 1 995) . This technique does not involve either solub i l i sat ion or enzymic 

degradation and instead re l ies on emp irical re lat ionships betweeen infrared 

abso rption at two or more wave lengths (Norris, 1 985) and OMO in ground dried 

samples (De Boeve r et al. , 1 995) . These relationsh ips could be i nf luenced by CT 

and other phenol ic compounds that occur in CT-producing p lants. Thus ,  where 

N I RS is being used to pred ict OMD, it would seem advisable to also p redict OMD 

of  CT-contain ing fo rages using standard curves prepared with the same species 

that are being investigated . 
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GENERAL DISCUSSION 

This chapter has been submitted to Animal Feed Science and Technology 



7.1 INTRODUCTION 

CHAPTER SEVEN 

The productivity of New Zealand pastoral farming systems has been developed on 

the eff icient graz ing of grasses, forage legumes, herbs or combi nations of  them to 

meet nutrit ional demands of farm animals. Therefore,  the introd uct ion and 

eval uatio n of improved and special ised g razing cu ltivars in d ryland environments to 

overcome soil ferti l ity and severe moisture def icits du ring the sum mer seaso n is 

beco ming important to improve trad itional farm management, animal performance, 

sustai nab i l ity and profitab i l ity under dryland farm ing co ndit ions.  

Given the importance of the year ro und prod uct ivity i n  a co mmercial d ryland sheep 

farm ing system based on perenn ial ryegrass/wh ite clover (Lolium perenne/ 

Trifolium repens) domi nant pasture ,  the in it ia l  objective of th is study was to assess 

the alte rnative use of Lotus corniculatus L. (bi rdsfoot trefoi l ;  cv. Grasslands Goldie) 

u nder co mmercial dryland farming,  in  part icular to capital ise on the effects of its 

condensed tann in (CT) content i n  i ncreasing amino acid absorption and i n  

i ncreasing animal production (M in  et  al. , 2003) .  Fi rst pr iority was to  examine if 

feed ing L .  corniculatus during mating for at least 6 weeks with l ighter ewes co uld 

increase ovu lation rate (OR) , lambing and weaning percentage under com mercial 

condit ions.  A second aim exam ined the effect of feed ing L. corniculatus to lactat ing 

ewes and their suckl ing  lambs during spring on wool prod uction and lamb weaning 

weight, whi lst red ucing anthelmintic inputs, to increase the proport ion of lambs that 

can be d rafted early for slaughter, before summer-dry conditions occur. The th i rd 

objective evaluated the use of L. corniculatus for increasing the growth of post-
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weaned lambs over the summer, to improve se l l ing weights i n  the market with 

reduced rel iance on anthe lmintic d renches to contro l  nematode parasites. Net 

herbage accumu lat ion rate throughout 3 consecutive years was also measured, to 

compare the p roductivity of L. corniculatus with that of conventional perennial 

ryegrass/white clover pasture u nder commercial dryland farming farming 

condit ions. 

7.2 SYNTHESIS OF RESULTS 

7.2. 1 .  Reproductive performance 

Resu lts have shown that grazing ewes on L. corniculatus rather than pastu re 

before and over the mating period i n  summer/autum n  increased OR by up to 1 6% 

and the number of lambs weaned was i ncreased by up  to 1 4% (Chapter 3 ,  

Experiment 2 ) ,  whi lst the number of  lambs born and weaned i n  Experiment 1 were 

i ncreased by 1 0  and 26% respectively (Chapter 3) .  The increase i n  reproductive 

eff iciency was due to increases in OR and to increases in fecu nd ity, with more 

mu lt ip le births and less si ngle b irths for ewes that were mated on L. corniculatus, 

with lamb mortal ity also being reduced i n  Experiment 1 for ewes mated on L. 

corniculatus. 

A comparison of the resu lts of the present studies with resu lts of s im i lar 

experiments conducted by other authors is shown in Table 7 . 1 . Two types of 

experimental design have been used ; repeat mating of ewes over one or two 

oestrous cycles using vasectomised rams, fol lowed by intact rams for the final 

cycle (Min et al. , 1 999, 2001 ; Luque et al. , 2000) or grazing d ifferent groups of 
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ewes on L. corniculatus for different pe riods of t ime and then mating them at the 

same time (th is  study, Experi ment 2). Regardless of the experime ntal design used, 

it the maximum OR was ach ieved after ewes have been graz ing L.  corniculatus for 

between two or three oestrous cycles. 

Results gained i n  the present study show that there is a l inear response i n  OR to 

days of feed ing L. corniculatus prior to mating in  late summer/autu m n ,  with at least 

6 weeks being requ i red to maximise rep roductive efficiency under  commercial 

d ryland farm ing conditions (Table 7. 1 ) . These effects of mat ing on L.  corniculatus 

com pared to pe ren nial ryegrass/white clover pasture are probably due to h igher 

digesti b i lty, h igher metabol i sable energy (ME) concentration and to the red uced 

ru men prote in degradab i l ity by the CT-contain ing effect in L. corniculatus, leading 

to greater essential amino acid ( EAA) absorption from the smal l  intest ine 

(Waghorn et al. , 1 987) . As there were hig her responses at lam b ing for ewes that 

were mated on L. corniculatus relative to pasture (Tab le 7. 1 ) , it is  poss ible that 

mating on L. corniculatus may reduce embryon ic losses in add it ion to increasing 

OR. Addit ional ly, field observations (C hapter 3 ;  Experi ment 1 and 2)  indicated that 

mating ewes on L .  corniculatus, includ ing the period of early embryo nic 

development ,  may have red uced lamb mortal ity between b i rth and wean ing .  
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Table 7.1 Effect of feed ing ewes for d ifferent lengths of t ime on Lotus corniculatus L. (b i rdsfoot trefo i l ;  cv. Grasslands 
Goldie) before mating on reproductive efficiency measured as ovu lat ion rate (OR ;  corpora lutea (eL)/ewes mated) and as 
lambing percentage ( lambs born/1 00 ewes lambing) , re lative to ewes grazing perennial ryegrass/wh ite clover pasture .  

Days of  grazing Pasture Lotus Response to Lotus Reference 
L. corniculatus feeding (%) 

before ovulation 

Ovulation rate 
First cycle 8 1 .35 1 .43 6 Min et al. ( 1 999) 
Second cycle 25 1 .33 1 .78 33 

Fist cycle 1 6  1 .60 1 .77 1 1  Luque et al. ( 2000) 
Second cycle 32 1 .45 1 .64 1 3  

Third cycle 48 1 .65 1 .77 7 

Fist cycle 1 6  1 .37 1 .58 1 5  Min et al. (2001 ) 
Second cycle 32 1 .60 1 .70 6 

Third cycle 47 1 .48 1 .79 21  

First cycle 1 0  1 .82 5 Chapter 3; Exp 2 
21 1 .89 9 

42 1 .73 2.00 1 6  

Lambing 
NA 1 36 1 70 25 Min et al. ( 1 999) 
NA 1 22 1 69 39 Min et al. (200 1 )  
NA 1 59 1 75 1 0  Chapter 3 ;  Exp 1 
NA 1 62 1 72 6 Chapter 3 ;  Exp 2 

Weaning n � 1 23 1 55 26 Chapter 3; Exp 1 '"d 
1 23 1 40 1 4  Chapter 3 ;  Exp 2 � � 

NA; no apply. In itial weight during the mating season in the range of 53 to 60 kg. 
:=0 
rJ) IV trl Vl -< \0 trl Z 
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This indicates that the durat ion (weeks) of CT-act ing L. corniculatus feed ing duri ng 

mating and early preg nancy may play an important ro le to ach ieve a balance 

among OR, the uteri ne envi ron ment for conception ,  implantation and foetal 

development ,  but also may have a long te rm on lamb survival between b i rth and 

weaning. Possible mechan isms are reduced ru men ammonia concentrations and 

reduced b lood plasma ammonia and urea concentration (Min et al. , 200 1 ) and 

changes in the oviduct and uterus .  Negative effects of diets with high levels of 

rumen degradable prote in on survival of gametes, zygotes, utero-ovid uctal 

m icroenvironment and foetal growth have been previously reported (B lanchard et 

al. , 1 990; F ind lay et al. , 1 990;  E lrod and Butle r, 1 993 ;  E l rod et al. , 1 993 ;  McEvoy et 

al. , 1 997; Fahey et al. , 1 998;  Butler, 2000 ; McEvoy, et al. , 200 1 ) .  

Further studies are requ ired to investigate i f  feed ing on the CT-conta in ing legume 

L. corniculatus du ring mating and early pregnancy can reduce lamb losses from 

b i rth to weaning. These stud ies need to be done with the nu mber of 

ewes/treatment group increased f rom 1 00 to 350. Addit ional ly, areas of L. 

corniculatus used strategically i nto the farm ing system to al locate to ewes just 

mated on pasture cou ld val idate the hypothesis that feeding the CT-act ing legume 

L.  corniculatus i n  very early pregnancy might reduce both embryon ic and post­

natal lamb deaths. 
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7.2.2. Lactation and wool production 

Th is  study has shown that relative to conventional perennial ryegrass/white clover 

pastu re ,  L. corniculatus can be used to i ncrease pre-weaning lamb l ive we ights , 

and both ewe and lamb wool production, whi l st e l im inat ing the need for 

p rophylactic t reatment in winter (pre- Iambing) , as judged by the lower levels of 

F EC and of dag formation (Chapter 2) .  

I n  a comparison with s imi lar experiments conducted du ri ng lactation (Table 7.2) , 

l iveweight gain of lambs on  L. corniculatus (mean 253 g/day) exceeded that on 

conventional perenn ial/wh ite clover pasture (mean 1 98 g/day) , with growth on 

l ucerne (Medicago sativa) being intermediate (mean 237 g/day) . 

Wool  production was ranked i n  the same order. Whi lst these resu lts are below the 

N ew Zealand Sheep I ndustry target of 400 g/day for lambs (The New Zealand 

Sheep Counci l ,  2000) ,  most of the lambs in these experiments were twins and the 

target growth of 400 g/day under grazing may be best ach ieved with s ingle lambs. 

261 



CHAPTER SEVEN 

Table 7.2 Comparative performance of non-parasitized (NP) and parasitized (P )  
lactat ing ewes and the ir  lambs grazing Lotus corniculatus L . ,  l ucerne 
(Medicago sativa) or pasture (Lolium perenne/Trifolium repens) . 

Plant fed 

Lotus Lucerne Pasture 
corniculatus 

NP P N P  P N P  P Reference 

Liveweight gain (g/day) 

Ewes 

- 89 35 a Rattray et al. (1 982) 

- 1 99 b McCall et al. ( 1 986) 

251 59 Douglas et al. ( 1 995) 

67 Wang et al. (1 996a) 

75 Litherland et al. (1 999) 

87 74 c Experiment 1 

1 1 7 36 c Experiment 2 

Lambs 

2 1 0  2 1 0  a Rattray et al. (1 982) 

2 1 3  b McCall et al. (1 986) 

275 263 Douglas et al. ( 1 995) 

231 Wang et al. (1 996a) 

2 1 7  Litherland et al. (1 999) 

258 1 89 c Experiment 1 

247 1 62 c Experiment 2 

Wool growth (mg/1 00 cm2 per day) 

Ewes 1 33 1 23 Douglas et al. ( 1 995) 

1 32 Wang et al. (1 996a) 

Greasy fleece weight (kg) 

Ewes 1 .80 1 .65 a Rattray et al. (1 982) 

1 .65 b McCall et al. ( 1 986) 

4.22 4.07 c Experiment 1 

1 .69 1 .43 c Experiment 2 

Lambs 1 . 1 7  0.98 c Experiment 1 

1 . 1 7  0.81 c Experiment 2 

a Mean values from two consecutive experimental years. 
b Mean values from a 23 factorial experimental design. 
c Chapter 2. 
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Relative to sheep grazed on pasture, the h igh l iveweight gain of lambs g razing CT­

act ing L. corniculatus dur ing lactation in th is study could be related to i ncreased 

m i lk production and increased secretion rates of both lactose and protei n  from the 

action of CT during mid and late lactation (Wang et al. , 1 996a) , and a lso forage 

DM intake by lambs and the h igher nutritive value of L. co rniculatus. It is also 

poss ib le that greater wool production in sheep grazing L. corniculatus was due to 

the i ncreased avai labi l ity and absorption of su lphur-contain ing amino acids from 

the smal l  i ntest ine (SAA ;  Reis ,  1 979) ,  as CT in L. corniculatus reduced 

degradation of SAA in the rumen,  i ncreased i rreversib le loss ( I RL) of cysteine from 

blood plasma and increased the f lux of cysteine to body synthetic react ions (Wang 

et al. , 1 994) . 

The grazing studies reported in this thes is du ri ng spri ng have shown reduced dag 

formation in both ewes and lambs grazing L. corniculatus. The absence of 

endophyte (Neotyphodium lolii) alkaloids, especial ly ergoval ine in L. corniculatus 

compared to sheep grazing pasture, is possible one reason for the reduced faecal 

mo istu re content and reduced dag format ion .  Earl ier research (Leathwick and 

Atkinson ,  1 995; Leathwick and Atkinson, 1 998 ;  N iezen et al. , 1 998;  Robertson et 

al. , 1 995) have provided evidence that u ndrenched sheep grazing L. corniculatus 

had reduced incidence of dag formation compared with t hose sheep g razing high 

endophyte ryegrass cv. Nui or perenn ial ryegrass/white clover. I n  add ition , 

enhanced tolerance to nematode parasites i n  sheep graz ing L. corniculatus, due to 

i ncreased EAA absorpt ion, m ight reduce both anthe lminic treatment and 

production losses. The importance of protei n  supply in the diet (Donaldson et al. , 
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1 997;  Houdij ik et al. , 2000) has been shown to be important i n  enabl ing ewes to 

better res ist parasite burdens. 

Therefore , this work shows that with increased efficiency of nutrient uti l isatio n 

(h igher estimated ME concentrat ion ;  presence of CT) and increased efficie ncy of 

sheep prod uction during the spri ng/sum mer season,  the CT -acting L. corniculatus 

could have management opportu n it ies for dry land farm ing systems associated with 

early lam bing. Success with early lambi ng systems in d ryland farm ing in New 

Zealand depends critica l ly on two forage-related criter ia; f i rstly ensuring sufficient 

h igh qual ity forage for f lushing and mating i n  late su m mer/early autumn and 

secondly ensuring suff icient high qual ity feed for ewes to lamb on in late 

winter/early spring. It is shown in th is thesis that L. corniculatus successfu l ly meets 

the f i rst of these criteria under d ryland farm ing. However, there is a problem with 

the second criteria for the Wairarapa region of New Zealand, which is classif ied as 

a summer hot/winter cold cl i mate, with ins uff icient early spring pasture g rowth to 

support large scale appl ication of early lambing. For large scale appl ication of early 

lambing to be feasible in the Wai rarapa, addit ional supp lementary feed is needed 

in  late wi nter/early spri ng,  such as s i lage or perhaps a wi nte r active brassica crop 

such as turnips . Oryland areas further North in New Zealand , such as Hawke Bay 

and Pove rty Bay, are classified as su mmer hot/wi nter warm c l imates and use of L. 

corniculatus for early lambing would f it well into farm ing systems in  these areas. 

The same concl usion would probably apply in  other d ryland areas throughout the 

world, in that appl icat ion of L. corniculatus for early lambing systems is probably 

best under summer hot/winter warm cl imates. 
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Appl ication of L. corniculatus to early lambing systems under these conditions 

wou ld bring benefits in less parasite problems,  higher lamb sel l ing l ive weights , low 

chemical residues i n  sheep products,  and improved ewe l ive weights fo r the 

summer/autumn mating season. Therefore, fu rther f ield studies are essential to 

evaluate the role of L. corniculatus for early lambing in order to capture premiums 

for ch i l led lamb and to i ncrease the proportion of lambs drafted for  sale before the 

onset of summer drought. Add it ional ly,  the performance of lambs that are 

conceived when their dams graze on L. corniculatus should be establ ished on the 

legume during the spring/su mmer seaso n .  

7.2. 3. Finishing of  weaned lambs and sustainable control of  parasitism 

The cu rrent study has shown that over the late spring/summer, regular-drenched 

lambs grazing L. corniculatus prod uced the highest growth rates of approx 300 

g/day over the 1 4  week period, which in spring were (350 g/day) close to the NZ 

Sheep Industry target of 400 g/day (The New Zealand Sheep Cou nci l ,  2000) .  

Trigger-d re nched lambs grazing L. corniculatus produced lower mean l ivewe ight 

gains of approx 230 g/day, but higher than that of either group grazing perennial 

ryegrass/white clover pasture (1 90-200 g/day) . As carcass-weight gain of trigger­

drenched lambs grazing L. corniculatus (99 g/day) was exactly half way between 

that of regu lar-d renched lambs grazing L. corniculatus ( 1 33 g/day) and pasture (66 

g/day) . The anthe lmintic use can be restricted in weaned lambs graz ing L. 

corniculatus but this wi l l  result in some loss of productivity (Chapter 4) .  
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A summary of g razing trials involving CT-contain ing and non-CT-contain ing 

forages that evaluated parasite status and the performance of parasit ized and non­

parasitized weaned lambs is reported in Tables 7.3 and 7.4. The effect of 

withdrawing anthe lmin itc drench ( i .e .  non-parasitized - parasit ized) depends upon 

the forage grazed.  Withdrawing anthelm intic d rench in  lambs graz ing pastu re 

dramatical ly reduced LWG in two of the fou r  experiments reported (50%) and 

s im i larly reduced LWG in three of the five experiments reported for lambs grazing 

lucerne (60%) . In the two experiments reported for L. corniculatus, withd rawing 

anthelm intic drench dramatical ly reduced LWG in one of them. However, as shown 

in Chapter 4, anthe lmintic drench cou ld potential ly be withdrawn i n  weaned lambs 

grazing L. corniculatus if the grazing period is 7 weeks or less. Withdrawing 

anthelmin itc drenching had the least effect in reduci ng LWG for lambs grazing the 

CT-contain ing legume su l la (Hedysarum coronarium) or  the herb ch icory 

(Chicorium intybus) . Worm burdens at s laughter were m uch lower i n  parasit ized 

weaned lambs grazing su l la than for comparable parasitized weaned lambs 

grazing pasture ,  l ucerne or L. corniculatus (Table 7 .3) .  
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Table 7.3. Comparative parasite status and l iveweight gain of parasitized (P) and non-parasitized (NP) weaned lambs 
grazing perenn ial ryegrass (Lolium perenne)/white clover ( Trifolium repens) pasture ,  l ucerne (Medicago sativa) 
and condensed tannin (CT)-contain ing Lotus corniculatus L. , su l"a (Hedysarum co rona rium) , Lotus 
pedunculatus and chicory (Chicorium intybus) . 

Pasture Lucerne L. corniculatus Sul la L. pedunculatus Chicory 

P NP P NP P NP P NP P NP P N P  

Total G I  worm burden 

Niezen et al. ( 1 995) c 1 9268 801 6  

Niezen et al. ( 1 998) 1 5806 1 8084 22990 1 3090 23665 

Chapter 4 9679 1 68 1 2  

L W  gain (g/day) 

Douglas et al. ( 1 995) a 1 86 228 

Niezen et al. ( 1 995) b 50 245 206 302 

Niezen et al. ( 1 995) c -39 1 84 1 29 200 

Scales et al. ( 1 995) d 1 75 1 88 207 222 290 3 1 1 

Scales et al. ( 1 995) e 88 1 34 1 93 270 207 229 

Niezen et al. ( 1 998) 88 1 66 1 21 243 86 208 1 75 226 1 60 232 

Douglas et al. ( 1 999) 21 5 227 

Chapter 4 1 87 200 228 298 

a Experiment 2. b Experiment 1 ,  c Experiment 2. 
d Experiment 1 ,  e Experiment 2. 

("'} 
::z:: 
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Table 7.4. Depression in carcass weight gain (g/day) caused by i nternal parasites 
( regu larly dre nched ani mals - parasitized an imals) in lambs graz ing five 
forages for 1 00 days at low and high allowances. 

Forage 

Lolium perenne (perennial ryegrass cv. Nui) 

Dactylis glomerata (cocksfoot cv. Wana) 

Festuca arundinacea (tall fescue cv. Au Trium ph) 

Medicago sativa ( lucerne cv. Otaio) 

Cichorium intybus (chicory cv. Puna) 

-Ind icates effects significantly different from zero. 

Adapted from Scales et al. ( 1 995).  

Herbage al lowance 

Low High 

(2 kg OM/Iam b/day) (4 kg OM/Iamb/day) 

32-

24-

26-

30-

3 

26-

32-

3 1 -

50-

8 

Experi mental evidence (Scales et al. , 1 995; Table 7.4) also indicates that carcass 

weight gain of weaned lambs grazing perennial ryegrass,  cocksfoot (Dactylis 

glomerata) , tal l  fescue (Festuca arundinacea) and lucerne were all depressed by 

paras itism , whe reas weaned lambs grazing chicory were unaffected by nematode 

paras ites. Simi lar res i l ience to internal paras itism and i ncreased animal 

productivity in autumn has bee n found in paras itized young farmed red deer 

grazing chicory compared to pasture (Hoskin et al. , 1 999 ; 2003 ; Tab le 7.5)  or fed 

su l la in indoor studies (H oskin et al. , 2000) .  Thus of al l  the forages eval uated, sul la 

and chicory appear to have the most to offer for sustainable long term parasite 

control .  
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Table 7.5. Effect of grazing weaner red deer on perennial ryegrass/white clover 
(Lolium perennelTrifolium repens) pastu re or chicory (Cichorium 
intybus cv. Grasslands Puna) with reg ular and trigger anthelmentic 
d rench input upon animal productivity, c l in ical paras itism and 
nematodes worm cou nts from the lu ngs and gastrointestinal t ract at 
s laughter. Grazing period was autu mn 2002. 

Pasture Chicory 

Regu lar- Trigger- Regu lar- Trigger-
drenched drenched drenched drenched 

Average autumn LWG (g/day) 1 34 60 208 1 75 

Final live weight (kg) 62 57 66 64 

Carcass weight (kg) 3 1  30 37 37 

Dressing (%) 53 54 58 58 

Clinical parasitism (%) 35 

Lungworm (No) 643 0 3 1 1 

GI nematodes (No) 0 2642 52 2240 

Adapted from Hoskin et al. (2003). 

Reasons why parasite prob lems are less in lambs grazing some forages than 

others include tal ler plant morphology and plant density (Knapp,  1 964) , giving less 

opportu nity for infective larvae to mig rate into the zone eaten by grazing rumi nants 

and the prese nce of one or more secondary compounds that are known to have 

anti-parasite properties. A summary of these effects for the forages being 

d iscussed is presented in Table 7.6. 

Reasons for sul la and chicory being so effective in parasite control , as wel l as 

promoting h igh animal growth rates , include tal l  plant morphology (Moss and 

Vlassoff, 1 993) , the presence of high concentrations of an astringent CT in su l la 
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(Terri l l  et al. , 1 992;  Douglas et al. , 1 999) and the presence of low concentrations of 

two secondary compounds, CT and sesqu iterpene lactones, in ch icory that have 

anti-parasite properties (Molan et al. , 2000b ; Schreurs et al. , 2002;  Molan et al. , 

2003) .  Reasons for grasses and lucerne being i neffective in parasite control 

i nc lude an absence of anti-parasite secondary compounds and a short graz ing 

height in the case of grasses, leading to high larval intakes by g razing an imals .  L. 

corniculatus appears to f i t  between these two categories. 

The beneficial effects may partly exp lained by d ifferences i n  CT concentration ,  

chemical structure and reactivity between these forages (Barry and McNabb,  

1 999) . Therefore,  the effects of grazing L .  corniculatus i n  the present study on  

l iveweight gain ,  worm burden and res i l ience of parasitized lambs may have been 

due to increased efficiency of protein  digestion to overcome enteric loss of protein  

and reduced eff iciency of food uti l izat ion (Sykes and  Coop, 1 976;  Bown et al. , 

1 99 1 ) .  I n  previous metabol ism studies with lambs Abbott et al. ( 1 988) found a 

positive response of the immune system to prote in intake . Immunology 

measurements therefore need to be made i n  futu re g razing experiments of this 

type i nvolving CT-contain ing forages and management of internal parasites.The 

CT in  su l la also increase EAA absorption in  sheep (Bermingham et al. , 200 1 ) and 

su l la eT are particu larly effective in larval m igration inh ib it ion (Molan et al. ,  2000a) . 
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Table 7.6. Concentration in secondary compounds concentrat ion i n  temperate 
forages species with pastoral val ue for New Zealand farm i ng systems. 

Forage Total 
condensed 

tannin content 
(g/kg OM) 

Grasses 
Lolium perenne (perennial ryegrass) 1 .8 

Legumes 
Lotus corniculatus (birdsfoot trefoil) 47 

Lotus pedunculatus (big trefoil) 77 

Hedysarum coronarium (sul la) 
Spring 84 

Autumn 5 1  

Trifolium pretense (red clover) 1 .7 

Medicago sativa ( lucerne) 0.5 

Herbs 
Chicorium intybus (chicory) 4.2 

Sanguisorba minor (sheeps burnet) 3.4 

Plantago lanceolata (plantain) 1 4  

Other known 
plant secondary 

compounds 

Endophyte alkaloids 
1 2  to 30 mg/kg OM 

0 

0 

0 
0 

Iso-flavones 
7 to 1 4  g/kg OM 

Sesquiterpene 
lactones 3.6 g/kg OM 

0 

Iridoid glycosides 
ab 

a 
Catalpol 8 g/kg OM 

b Acubin 22 g/kg OM 

Morphology 
under grazing 

short 

medium 

medium 

tall 
tall 
tall 

tall 

tal l  

medium 

Short; recommended grazing height 6 cm for sheep and 1 0  cm for cattle under set stocking (Hodgson. 1 990). 
Tal l ;  recommended grazing height approximately in itial 30 cm down to 1 5  cm under a rotational grazing. 
Medium; in  between these heights under rotational grazing .  
Adapted from Barry et al. (2002). 

This trial (Chapter 4) high l ights also the importance of alternative control of 

gastrointest inal nematode paras ites to develop sustainable methods with reduced 

dependence on anthe lmintic use. The most l ikely cause of this is the CT content of 

L. corniculatus. Recent in vitro stud ies (Molan et al. , 1 999 ; 2000a) suggested that 

CT extracted from L. corniculatus have inh ib itory activity against sheep 

Trichostrongylus colubriformis nematode parasites , and specifical ly reduced egg 
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hatching, the deve lopment of eggs to L3 larvae and the moti l ity of L3 larvae, as 

demonstrated for CT extracted from L. pedunculatus, su l la and sainfoin  

(Onobrychus viciifo/ia) or  chicory (Molan et al. , 2000b) . 

However, patterns of strongyloid nematodes parasites at s laughter  i n  lambs 

grazing L. corniculatus suggest a decreased activity on parasite control from the 

abomasum to the rectum (Chapter 4) .  This may have been due to nematode 

species suscept ib i l ity to CT. Alternatively, changes in the CT molecu le (Terri l l  et 

al. , 1 994) after release protein at pH < 3.5 i n  the abomasum (Jones and Mangan,  

1 977) may explain the reduced effect on gastrointest inal nematode parasites from 

the abomasu m  to the large intest ine.  Moreover, i t  has been found that the in vitro 

parasite inh ib itory activity of CT i n  chicory is reduced from rumen  to abomasal f lu id  

by 7% (Molan et al. , 2003). In  contrast , sesqu iterpene lactones extracted from 

chicory were not affected by the pH o f  either rumen o r  abomasal f lu ids to reduce 

parasite activity (Molan et al. , 2003) .  

Therefore , the greatest impact of the control of gastrointestinal  parasites in  grazing 

systems is not i n  terms of e l im inati ng parasite i nfestation altogether, but rather the 

i ncorporat ion of new alternative temperate forages (Table 7 .6) to reduce losses i n  

production from parasites. The beneficial effects of develop i ng more sustainable 

graz ing systems with th is germplasm relative to pasture-based l ivestock farm 

systems in d ryland areas could be due to: concentration of p lant secondary 

compounds, increased protein supply,  h igh feeding value, p lant structure, abi l ity to 

grow in low or moderate ferti l ity soi ls and seasonal forage p roduction to meet 

deficit periods .  
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As L. corniculatus i n  the cu rrent study has also the potential to i ncrease l iveweight 

gains with trad itional farm ing practices, further grazing trials wi l l  be needed to 

evaluate the effect of feeding L. corniculatus to hoggets duri ng summer/autumn 

and its effect on  mat ing and on reproductive performance . Further research is 

needed to assess the pastoral value of the herb chicory for year rou nd product ivity 

in sheep d ryland commercial farm ing systems. 

7.2.4. Agronomic value of Lotus corniculatus 

It has been shown in the present study that relat ive to a perenn ial ryegrass/white 

clover pasture-based system ,  L. corniculatus i ncreased sheep performance due to 

its abi l ity to g row in acidic soi ls (pH 5.4) , its s im i lar annual dry matter (OM) 

production ,  but g reater OM production during summer/autumn moistu re deficits , its 

h igh feedi ng value ,  and both the moderate ( 1 8 to 40 g CT /kg) and beneficial 

concentrat ion of condensed tann ins (Chapter 5) to improve prote in d igestion .  For 

these reasons L. corniculatus persists better u nder dryland farm ing than under 

h igh rainfal l condit ions and in terms of a systems approach seems better su ited to 

i ntegrati ng i nto d ryland farm ing systems. G iven these advantages, the farm 

management goals and objectives over late summer/autumn (Chapter 3), spring 

(Chapter 2) and late spring/summer (Chapter 4) were achieved . 

However, there are in  theory more opportun it ies to maxim ise an imal performance,  

meeting feed demands for hogget g rowth rates to a su itable leve l for mating or 

additional ly to contribute and test the hypothesis that year round lamb production 

is a viable opt ion in New Zealand pastoral systems ,  even with emphasis in  d ryland 
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environments . Other advantages would depend on ferti l izer inputs to i ncrease the 

stock carrying capacity, dynamics of plant density and botanical com posit ion 

Although not measured in this study, making the assu mption that L. corniculatus 

persists better under alternative management and that the legume has an adaptive 

capacity to respond to either graz ing or harvesting techniques,  the real value of L. 

corniculatus cou ld be in  the context of even more special ized product ion systems.  

Col l i ns ( 1 988) showed that ,  re lative to  pressed (mechan ical fract ion ing that is  

critical factor for a forage harvesting system)  lucerne and red clover ( Trifolium 

pratense) , pressed L. corniculatus was the highest in  N concentrat ion ,  the lowest 

in neutral detergent f ibre (NDF) ,  whi lst its in vitro OM d igestib i l ity was least affected 

by pressing.  Addit ional ly, under hay-reseed management, natural reseed ing may 

i ncrease plant density by up to four-fold and compensate losses i n  OM production 

for the t ime that reseed ing was permitted (Taylor et al. , 1 973) . Stands of L. 

corniculatus persisted after 1 2  years when seed production was al lowed 

(Templeton et al. , 1 967) . 

Therefore , these studies and the current f indings (Chapter  5) suggest that after 

establ ishment ,  a recommended grazing programme and/or associated with 

adequate harvest ing techn iques, could ach ieve mai ntenance and a long l ifespan of 

productive stands of L. corniculatus. This ,  in turn ,  shou ld compensate for the long 

establ ishment period (Seaney and Henson , 1 970; Foulds, 1 978; Beuse l inck and 

Grant, 1 995) ,  reduced persistence under grazing management (Van Keuren and 

Davis, 1 968; Van Keuren et al. , 1 969;  Chapman et al. , 1 990) and weed i nvasion 

(Doug las and Foote , 1 993 ; Beusel inck and Grant, 1 995). Persistence of L. 
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corniculatus may therefore be much longer if a component of the management 

system incl udes mechanical harvesting . 

There are also encou raging i nd ications of effective selection  of cu ltivars to improve 

the competitive persistence of L. corniculatus duri ng wi nter and reduce l im itations 

under grazing conditions by selecti ng for a d ifferent p lant morpho logy and a stable  

content of CT. As  a result, in  pastoral systems i n  Uruguay, the winter active 

cultivars ,  I N IA San Gabriel and Draco,  had 2.6 t imes g reater levels of annual net 

herbage accumu lat ion rate than winter dormant cult ivars (Grasslands Goldie and 

Steadfast; Ayala, 2001 ) .  S imi larly, a select ion programm e  has been carried out i n  

New Zealand to produce a "Grasslands creeping select ion of L .  corniculatus" , 

containing moderate but stable concentrations of CT . This material is currently 

been eval uated i n  Canterbury as pure stands and with white clover and tal l fescue 

as companion species . Seed is  avai lable for research i n  other projects in  New 

Zealand (W . Rumbal l ,  personal communication) . 

Because of the effects of its CT i n  i ncreasing EAA supply in  sheep (Waghorn et 

al. , 1 987) , L. corniculatus i s  currently the best option avai lable for grazing ewes 

during mating to i ncrease reproductive performance (Chapter 3) .  However, whi lst 

L. corniculatus does have some role in  reducing parasite problems, the legume 

su l la  and the herb chicory may be better forage options for th is  pu rpose (Chapters 

2 and 4). However, rh izobial requirements, low persistence (2 years maximum) ,  

price and the lack of a commercial seed supply co u ld be  considered a barrier for 

both on farm tr ia ls and adoption of sul la as a legume alternative i n  agricu ltural 

activities (Rolston,  2003) . 
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Chicory may have the potential to benef it dryland pastoral farm i ng systems due to 

its moderate persistency (4 to 6 years) ,  growth from spring to autum n ,  palatabi l ity 

and tolerance to Sclerotinia (root d isease) .  Relative to grasses and legumes u nder 

rotational grazing, ch icory is wel l  adapted to summer/autumn moisture stress 

because of its deep taproot system (Stewart and Charlton ,  2003). S im i larly, 

compared to perennial ryegrass, its forage contains  high concentrat ions of readi ly 

fermentable carbohydrates (sugars and pecti n) , metabol isable energy (ME)  and 

h igher digest ib i l ity of organic matter (OM) concentration (Barry ,  1 998) .  In add ition ,  

chicory also contains plant secondary compounds (Rees and Harborne, 1 985) and 

h igh concentrations of minerals (Barry, 1 998) . A l im itation is  that it is a herb , and 

therefore does not fix n itrogen,  but this can be overcome by sowing it with a 

companion legume. 

This suggests that, as a pure stand or associated with prostrate species (clovers) ,  

chicory cou ld have a role in mating and f in ish ing systems, but there cou ld be a 

possible restriction over lactation i n  spri ng due to degradation of p lant secondary 

compounds i n  chicory (dihydrolactucin ,  hydroxyphenylacetic acid and 

tetrahydrolactucin ;  Barry, 1 998) , which causes taint in the mi lk of dairy cows . 

Further research on farm is suggested to assess the feasib i l ity of chicory to 

i ncrease reproductive eff iciency, wean ing and post-weaning lamb l ive weights and 

wool production ,  as part of an integrated approach to nematode parasite contro l .  

Th is  possib i l ity needs to be investigated. 
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7.2.5. Chemical composition and nutritive value of Lotus corniculatus. 

The in vivo digestib i l ity of d ry matter (OMO) ,  OMO,  d igest ib le OM in the dry matter 

(OOMO) and estimated metabol isab le energy (ME) concentration of L. corniculatus 

were s imi lar between d iets at the same stage of matu rity, but decl ined as L. 

corniculatus matu red from vegetative growth to very matu re stage (Chapter 6 ) ,  with 

the rate of decl ine being much less than occu rs for temperate grass-based 

pastures. 

Mean val ues of ME, N and CT concentration for L. corniculatus and pasture in  a 

range of experiments are compared i n  Table 7.7. Overal l  mean values for a l l  three 

were higher for L. corniculatus, with the ME value  of L. corniculatus showing l itt le 

variat ion between experiments. Pastu re ME values showed more variation 

between experiments , with particularly low values duri ng drought years . Therefore , 

the nutrit ional benef it of grazing L. corniculatus compared with grass-based 

pastures is l ikely to be maximal in drought years. Condensed tann in  was 

consistently present in L. corniculatus in the range 1 3-45 g/kg OM (mean 27 g/kg 

OM) ,  whereas pastu re contained on ly traces of CT (0 .5-4 . 1  g/kg OM).  Total N 

concentration was s im i lar for the two forages. 

These data also demonstrated that increase in sheep productivity i n  the cu rrent 

studies are the resu lt of h igh in vivo digestib i l ity, h igh nutritive value and improved 

protein d igestion due to the moderate concentration and beneficial effects of CT i n  

L .  co rniculatus. 
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Table 7.7. Mean values of metabol isable energy concentration (ME;  MJ/ kg OM) , total n itrogen (N ; g/kg OM) and 
condensed tann in  concentrations (CT; g/kg OM) of the d iet selected by sheep and deer grazing perennial 
ryegrass/wh ite clover (Lolium perennelTrifolium rep ens) dominant pasture, Lotus corniculatus L. (b i rdsfoot 
trefoi l ;  cv. Grasslands Goldie) or l ucerne (Medicago sativa) . 

Animal Season Pasture L.  corniculatus Lucerne 

Reference Speacies1 ME N eT ME N eT ME N eT 

Chapter 2, Exp 1 a S Spring 9.8 29.7 1 .4 1 0.6  30.3 24. 1  

Chapter 2, Exp 2 a S Spring 1 0.2 26.2 0.5 1 0.7  33.5 26.7 

Wang et al. (1 996a) b S Spring/summer 1 0.8 35.5 44.5 

Chapter 4, Regular-drenched a S Summer 9.6 26.5 1 .6 1 0.6 27. 1 39.9 

Chapter 4, Trigger-drenched a S Summer 9.5 25.8 1 .2 1 0.6  27.8 31 .3 

Adu et al. ( 1 998) b 0 Summer 8.2 21 .7 1 .6 1 0.2  27.9 21 .2 

Wang et al. (1 996b) b S Summer/autumn 1 0.8 3 1 .4 34.0 1 1 .0 4 1 .8 0.3 

Chapter 3, Exp 1 a S Summer/autumn 8.3 1 8.4 1 .8 1 0. 9  28.4 1 8.4 

Chapter 3, Exp 2 a S Summer/autumn 9 . 1  25.5 1 .3 1 0.4 26.0 28.6 

Min et al. ( 1 999) b S Late summer/autumn 1 0.9 46.0 4. 1 1 1 .7 42.2 1 2.8 

Luque et al. (2000) b S Late summer/autumn 8.7 22.8 1 .3 1 0.2  26.0 23.7  

M in  et  al. (200 1 )  b S Late summer/autumn 9.8 37.9 2.2 1 1 .2 44.8 1 7.6 

Mean 9.4 28. 1  1 .7 1 0.7  3 1 .7 27.0 

a ME = DOMD X 1 6.3 
b ME = OMD X OM X 1 6.3 1 

S = sheep; D = farmed deer. 

\) � 
'"C 
� 
trl 
:::0 
'JJ 
tr:I 
< 
tr:I 
Z 



CHAPTER SEVEN 

7.3 I MPLICATION FOR PRODUCTION SYSTEMS; FUTURE TECHNOLOGY 

TRANSFER AND RESEARCH NEEDS 

There is  substantial evidence relative to perennial ryegrass/white clover pasture of 

the potential value  of L. corniculatus i n  dry land farming systems to i ncrease sheep 

product ivity duri ng mating (Chapter 3) ,  lactation (Chapter 2) and f in ish ing seasons 

(Chapter  4) .  These advantages are by p roducing s im i lar annual DM product ion ,  

adaptation to d rought cond itions during summer/autumn (Chapter 5) ,  h igh nutritive 

value and high d igestib i l ity (Chapter 6) .  Add itional ly, as a component of d ryland 

production systems, L. corniculatus cou ld also be considered to improve hogget 

growth,  prior to mating. However, wh i l st L. corniculatus is currently the best 

alternative forage avai lable  to dryland farmers for increasing reproductive 

performance, it seems that both ch icory and su l la could be better options for 

control l ing paras ites in  weaned lambs. Given the agronomic l im itat ions of su l la ,  the 

best alternat ive to L. corniculatus for contro l l ing parasites in  weaned lambs is  

therefo re chicory ,  probably sown in a mixture with a compan ion legume (red or 

white c lover) . 

I n  relation to futu re work, translating the resu lts of the present series of 

exper iments into recommendations for commercial sheep farming systems is  seen 

as the f i rst priority ( i .e. technology transfer) . However, for appl ied scientists,  

consu ltants and farm decision makers to develop, promote and support adequate 

extension programmes, caution should be exercised in focusing on the impact of 

variable percentages of the farm that might be sown on L. corniculatus. Therefore , 
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the development of a decision support model shou ld be considered to determi ne 

the point at which the seasonal and annual OM production of L. corniculatus at the 

whole farm level resu lt in  a marked change i n  existing farm systems .  

Conceptual ly, the  determin istic and biolog ical Stockpol® model l i ng programme 

developed by the model l i ng group at Whatawhata Research Centre (AgResearch) 

in New Zealand (Marshal l  et al. , 1 991 ) provides the opportunity to predict the effect 

of input of L. corniculatus (b i rdsfoot trefo i l ;  cv. Grasslands Gold ie) i nto the farm i ng 

system in  'average', d ry and wet years from both a physical and a f inancial 

perspective (N .M .  Shadbolt, personal commun ication) .  Probab i l it ies could then 

assumed for each of these conditions,  based on h istorical c l imatic data, market 

p rices and costs of production. This suggests that cumu lative probabi l ity curves for 

a range of re levant outcomes for the farm busi ness may be also determined by 

use of the complementary risk analysis programe @RISK®. Through this process, 

the inf luence of inputs of L. corniculatus on the viabi l ity of com mercial d ryland 

farm ing systems could be quantified and the inherent risks and thei r impact 

identified . The proportion of the dryland farm to sow in  L. corniculatus to g ive the 

g reatest financial retu rn cou ld be quantif ied. This i nformation wi l l  ass ist commercial 

lamb producers in their decision on whether to adopt this new technology and , 

based on thei r attitude to risk, to what extent to adopt it . (N .M .  Shad bolt, personal 

commun icat ion) .  

The second priority is research i nvolving long term studies that i nvestigate the 

efficient use L. corniculatus and other alternative forages at strateg ic times in  the 

year round dryland sheep p roduction system .  As improved reproductive eff iciency 
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was reached on  L. corniculatus in terms of OR and lambing percentages (Chapter 

3 ) ,  a nu mber of research opportun it ies may be identif ied . F i rst , to keep L. 

corniculatus as a special ist forage to increase OR and to increase lamb growth in 

spri ng, and to use chicory to promote growth in weaned lambs in late 

spring/summer with reduced anthelm intic input .  A secondary use of chicory could 

be as a pre-mating and mating crop.  I nvestigating if mating ewes on special ist 

forages can reduce lamb mortal ity between b irth and wean i ng is a key research 

area. 

Use of ch icory supported in the low ratio of structural : readi ly fermentable 

carbohydrates may i ncrease m icrob ial protein f low for absorption ,  reducing loss of 

N across the rumen (Barry et al. ,  1 998) , contribut ing then to regu late the uterine 

environment for conception, implantation and foetus development (Chapter 3) as 

proposed for L. corniculatus. Thus ,  at mating weight, hoggets could be moved 

earl ier onto L. corniculatus. Addit ional ly, the post-mating option should b ring two 

extra opportunit ies for the sheep commercial systems: ( i ) i ncreased number of 

m ixed aged ewes mated on the legume or ( i i )  reduced t ime (weeks) that ewes 

wou ld requ i re grazing L. corniculatus to decrease losses from conception to 

lambing with increased lamb viabi l ity to weaning. Add it ional ly, a reasonable 

i nterpretat ion of the present f ind i ngs is that ch icory in a m ixture with legumes 

fol lowing the same scheme noted above cou ld lead to considerable production 

gains with reduced anthelmint ic input .  

I t  wou ld appear, us ing the above mentioned assumptions, that chicory cou ld have 

a part icular role to complement systems based on L. corniculatus or pasture for 
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post-weaning growth,  lactation or perhaps as a mating feed . Thus ,  grazing 

syste ms could be more sustainable for lamb sales or hogget replacements due to 

a higher proportion of chicory DM production du ri ng summer/autu m n  (Barry et al. , 

1 998) , particularly u nder moistu re stress. The anthelm int ic effect of sesqu iterpene 

lactones and eT in chicory (Molan et al. , 2000b ; Schreurs et al. , 2002;  Molan et 

al. , 2003) wi l l  play and im portant ro le to develop alternative approaches on 

parasite epidemiology research in  pastoral dryland farm ing syste ms.  

F inally, in  addit ion to the resu lts descri bed from L.  corniculatus i n  the present 

study, effects of feed ing the legume upon animal productivity may be further 

d iscussed in  terms of the use of wi nter active and creeping germ plasm that may 

further en hance sustai nable productivity in  special ised dryland farm ing systems. 

Mechanical harvest i ng and effective co nservation strategies of surpl uses may also 

be eval uated ; an example of the use of L.  corniculatus as a component of total 

mixed rations (TM R) for dai ry cows in New Zealand, as proposed by Woodward et 

al. (2004). 
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