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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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clover (Lolium perennelTrifolium repens) pastu re (80:20) or 

Lotus corniculatus L. 

Standard cu rves for the predict ion of in vivo digest ib le organic 246 

matter in  dry matter (DOMD;  y) from in vitro DOMD (Roughan 

and Hol land, 1 977) (x) for perennia l  ryegrass/white clover 

(Lolium perennelTrifolium repens) pasture (80:20) or Lotus 

corniculatus L. 

Effect of feeding ewes for d ifferent lengths of t ime on Lotus 259 

corniculatus L. (b irdsfoot trefoi l ;  cv. Grass lands 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 perenn ial ryegrass/white clover pasture .  
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Table 7.2 

Table 7.3 

Table 7.4 

Table 7.5 

Table 7.6 

Table 7.7 

Comparative performance of non-parasitized (NP) and 262 

parasitized (P) lactat ing ewes and their lambs g razing Lotus 

corniculatus L. , l ucerne (Medicago sativa) or pasture (Lolium 

perenne/Trifo/ium repens) . 

Comparative parasite status and l iveweight gain of 267 

parasitized (P) and non-parasitized (NP) weaned lambs 

g razing perennial ryegrass (Lolium perenne)/wh ite clover 

( Trifolium repens) pastu re ,  l ucerne (Medicago saliva) and 

condensed tann in  (CT)-conta in ing Lotus corniculatus L . ,  s u l l la 

( Hedysarum coronarium) , Lotus pedunculatus and chicory 

( Chicorium intybus) . 

Depression i n  carcass weight gain (g/day) caused by internal 268 

parasites (regularly drenched animals - parasitized animals) 

in lambs grazing f ive forages for 1 00 days at low and h igh 

a l lowances 

Effect of grazing weaner red deer on perennial ryegrass/white 269 

clover (Lolium perennelTrifolium repens) pastu re or chicory 

(Cichorium intybus cv. G rass lands Puna) with regu lar and 

tr igger anthelment ic drench i nput upon an imal  p roductivity, 

c l i n ical  parasitism and nematodes worm cou nts from the 

l ungs and gastrointest inal tract at slaughter. G raz ing period 

was autumn 2002 . 

Concentration i n  secondary compounds in  temperate forages 271 

species with pastoral valu e  for New Zealand farming systems.  

Mean values of  metabol isable energy concentrat ion (ME ;  MJ/ 278 

kg OM) , total n itrogen (N ;  g/kg OM) and condensed tann in  
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contents (eT; g/kg OM) of the d iet selected by sheep and 

deer grazing perennia l  ryegrass/wh ite clover (Lolium 

perenne/Trifolium repens) dominant pastu re ,  Lotus 

corniculatus L. (b irdsfoot trefo i l ;  cv. Grass lands Gold ie) or 

l ucerne (Medicago sativa) . 
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