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weeks. During October to December 1995 grazmg tr atments were stopped to allow a 

biological assay of the previous growing season (Moorhead pers comm) and grazing ceased 

after a clean up grazing in December 1995 . 

3.3 Experimental design of grazing experiment 

3.3.1 Experimental design 

The trial was a randomised block factorial design grazing experiment with eight main plots 

(lOrn * 45m) separately fenced across the three replicates of the four clover seed lines / 

cultivars. W ithin the eight main plots there were two blocks (replicates) with four grazing 

treatments in each block. The four grazing treatments had two levels of grazing frequency 

known as se t stocked or rotational grazed and two levels of intensity , lax or hard (Plate 3.1). 

Plate 3.1 The grazing trial; fore-ground is the set stocked hard treatment (plott), sheep 

at the far top are in plot 8 (set stocked lax). 
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Each grazed plot was further subdivided into 12 sub-plots. Within each sub-plot there were 

four rows of sown Porters Pass zigzag, Kentucky zigzag, Monaro Caucasian or Alpine 

Caucasian clovers. Because of the original design for the 1989 seed production experiment 

the subplot level was a strip plot design with three replicates rather than a split plot design 

because the sub-plots were not independently randomised within each main grazing plot 

(Appendix 2)(Plate 3.1). 

Grazing treatments were first applied in early February, then on the 21st of March 1995 to 

allow expression of the grazing treatment. Rotationally grazed treatments were then applied at 

25 day intervals after the second grazing (Table 3.2). The aim of the lax rotationally grazed 

treatments was to have a pre herbage grazing mass of 2000 to 3000 kg/ha and a post herbage 

grazing mass of 1500 to 2000 kg/ha). Hard rotationally grazed pastures aimed to have 1500 to 

2000 kg Iha pre-grazing herbage mass and 700-800 kglha residual (Plate 3.2). Hard set 

stocked pastures aimed to maintain a herbage mass between 600 to 800 kg/ha and lax set 

stocked pastures at about 1700 kg/ha (Plate 3.3). To obtain the correct pasture height the put 

and take method wa" used. 

Table 3.2 The applied grazing treatments; grazing interval, length of grazing and the 

number of sheep within the grazing treatments. 

Average interval Average length of Average number of 
between grazing grazing sheep within the 

grazing treatment 

Rotationally Grazed 25 days 4-5 days 22 
Hard (RH) 

Rotationally Grazed 25 days 3-4 days 22 
Lax (RL) 

Set Stocked Hard 2.5 days 4.5 days 3-4 
(8H) 

Set Stocked Lax 4.5 days 2.5 days 3-5 

(8L) 



Plate 3.2 Lax (plot 2) and hard (plot 4) rotational grazed treatments,' 10th of April 1995. 

Plate 3.3 Lax (plot 1) and hard (plot 3) set stocked grazed treatments, 10th April 1995. 
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3.3.2 Composition of pasture before initial grazing 

Grazing of the trial plot area had not occurred since late December 1994, so the grazing 

treatments were first applied in February 22nd. 

A visual assessment of the grazing treatments before grazing in February, gave an indication 

of growth and vigour of the rhizomatous clovers (Appendix 3). 

Botanical composition of the pasture before the March grazing treatments were applied are 

presented in table 3.3. Hard grazing treatments had a high proportion of bare-ground 20-24% 

and reduced the grass cover percentage. Set stocked lax pastures had little bare ground and 

about 80% grass cover. The highest 'proportion of rhizomatous clovers was in hard 

rotationally grazed pasture (9%). 

Table 3.3 Botanical composition of the grazing treatments prior to the commencement 

of grazing in March 1995. Presented are the percentage point analysis hits for 

each plant species. 

Grazing Treatment 

S ecies SH SL RH RL 

Grass 58 80 56 74 

Rhizomatous Clover 6 4 9 8 
Red Clover 2 0 2 2 

White Clover 7 5 7 2 

Bare Ground 20 8 24 12 

Weed 7 2 2 2 

Dead Material 0 1 0 0 
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3.4 Grazing measurements 

~ 

Botanical composition of the pasture, clover characteristics and ryegrass characteristics were 

measured the day before grazing. Grazing occurred on the 15th of April, 10th of May, 3rd of 

June and the 1st of October. Between the 3rd of June and the 1st of October treatments were 

grazed to between 750 to 850 kg DM /ha every six weeks. 

3.4.1 Botanical composition of the pasture 

Vegetative cover was assessed by using the point score technique to access the botanical 

response of the pastures to the grazing treatments by recording 'cover hits' or first hits for all 

botanical species (Radcliffe and Mountier, 1964) in addition to detached litter and bare 

ground. A string transect was used to bisect the main plots in half going across each sub-plot. 

The pointing apparatus a board which consisted of 20 nails, was placed in line with the 

transect across each row of the sown species, giving 80 hits per sub-plot and 960 hits for each 

main plot. Point analysis was done for both rotationally grazed and set stocked swards prior 

to grazing of rotational grazed treatments (ie every 25 days). 

3.4.2 Clover Morphology 

Clover characteristics were measured within each main plot the day before grazing of 

rotationally grazed plots. 

3.4.2a Number of clover growing points per metre squared 

The number of trifoliate leaves for each sown clover as well as the self sown white clover 

were measured for each sub-plot. 
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Sown clover samples were measured by placing O.lm2 quadrats across sown rows of clover 

species and then counting the number of growing points. ,A sample was taken for each 

species within each sub-plot. Number of trifoliate leaves per metre square was calculated by 

dividing the combined total of growing points from the four samples of each species by four 

then multiplying by 10. 

The number of trifoliate white clover leaves were calculated in a similar method as the sown 

clover however the four samples were taken from between the 1.5m wide strips. 

3.4.2b Individual clover morphology 

For each clover species a measurement of petiole length and middle trifoliate leaf length was 

made within each sub-plot. Thirty individual clover specimens cut at ground height were 

randomly taken from each sown species within each main-plot. Individual white clover 

specimens were collected from the 1.5m strips. All clover specimens had their petiole length 

measured and their middle trifoliate length measure and recorded. Petiole length, middle 

trifoliate length was calculated by dividing each sample of clover species by thirty. 

3.5 Grass characteristics 

3.5.1 Tiller weight and percentage green and dead 

Between replicates of the subplots in the main-plots three O.lm2 quadrats were cut to ground 

level. Each cut sample was mixed and divided into quarters. One quarter was further divided 

into green and dead material. Sampled material was then dried (green, dead and the other 

three quarters of the sampled material were dried separately) to a constant temperature at 

70°C for 48 hours then weighed. 
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3.5.2 Tiller numbers 

The number of live tillers per metre squared was determined by placing 0.01m2 quadrats 

between each replicate of subplot and counting the number of tillers within the quadrat. Four 

samples were taken for each sub-plot, then averaged, and multiplied by 100. 

3.6 Statistical Analysis 

The strip plot grazing experiment was analysed using the Genstat 5.2 statistical package. The 

analysis provided a table of means for treatments and species. 

Botanical analysis data was presented with means and interactions for grass, white clover and 

Monaro/Alpine Caucasian clover. The other three rhizomatous clovers measured as well as 

bare ground, weed and dead material only have means presented due to an uneven binomial 

distribution of the data (had many zeros in the data due to the clover not being present) 

compared to the more frequently observed sward components. 

Morphological descriptions of the clovers had the same uneven distribution of the data, due 

to a lot of the zigzag and Alpine Caucasian growing points having been eaten out in some 

grazing treatments. Means for all sown clovers as well as white clover are presented but only 

the Monaro Caucasian and white clover have been analysed for significant interactions. 

Analysis of white clover data has been based on the assumption that the volunteer white 

clover was evenly distributed throughout before the grazing trial started in 1993. 

Grass characteristics was also analysed using the Genstat 5.2 programme. 
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3.7 Underground biomass assessment 

A root biomass evaluation of two subplots within each main plot was conducted in early 

August 1995 to evaluate the root biomass beneath Monaro Caucasian and white clover plants. 

The third replicate of sub-plots at the western end of each main plot were left out of the 

evaluation due to the invasion of the plots by the shading effect of the populars on the western 

side. 

Eight cores were taken per clover species within each sub-plot. A systematic sampling 

method was used. Two cores were taken from each row of Monaro in the eastern and 

southern replicates in all eight of the main plots. Samples were taken in a zigzag pattern 1m 

apart up the rows within the SUbplot. White clover samples were removed from inter-row 

grassed areas on the western side of the Monaro by the same method outlined earlier for the 

Caucasian cultivar. 

Cores with a diameter of 50mm were taken from a depth of 100mm, thus each core took a 

volume of soil and plant material measuring 1.96* 10-4 / m3. The eight cores from each specics 

within each sub-plot were combined. The samples of eight were washed together and sorted 

for Monaro, white clover, grass and weed roots, stolons and rhizomes. Components from 

each sample were dried to a constant weight at 70°C for 24 hours then weighed. 

Data was analysed using the Genstat 5.2 programme assuming a strip plot design with two 

reps and two sub-plots per rep. 
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3.8 Supplementary study to access the recovery of sown rhizomatous 

clovers and volunteer white and red clover after a severe grazing in May. 

Past research has shown that Caucasian can survive at high altitudes due to a period of winter 

dormancy (Daly and Mason, 1985). White clover can grow up until the onset of winter or 

when soil temperatures were above 7°C (Chapman, 1983). The supplementary study was used 

to clarify the effects of temperature on individual plant characteristics of different types of 

clovers. 

3.8.1 Experimental site and history 

The experiment was initially carried out in the seed production plots the paddock D2 (48m * 

10m) of the Lincoln University Research Farm (Plate.3.4)(see soil description 3.1) . Three 

month old plants established in November 1986 were transplanted within the plots in 

February 1987. Plants were planted at a a.5m within row spacing and 1m inter-row spacing. 

In each plot there were five rows and 19 plants per row, giving a total of 95 plants per plot. In 

spring 1987 surrounding areas around the plots were over-sown with Chewing Fescue 

(Festuca nigricans) (Gurung, 1989). The plots had three harvests of seed taken from them, 

1987, 1988 and 1989. Since the harvest of 1989 plots have been grazed approximately every 

eight weeks during the growing season with clean up grazings in early June. 

3.8.2 Experimental design 

The design of the experiment was a randomised design, with two replicates of four seed 

lines: Caucasian clover cultivars Alpine and Monaro and seed lines Porters Pass and 

Kentucky. Each replicate had four plots and each plot was 10m by 5m with an extra guard 
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area O.Sm surrounding all plot boundaries (Plate 3.4). Within this guard area volunteer white 

clover (assumed to be 'Huia' white clover) and red clover were present. Each plot was 

pegged out in six randomly chosen places, and surrounding the plots a selected number of 

white and red clover populations were also pegged out, from which numbers of leaflets , size 

of leaflets and height of plants were recorded. Six samples (0.lm2) of each species and/or 

cultivar were taken 0.2m north of the pegs found within and between plots. 

Plate 3.4 Supplementary study trial plot. Note foreground is plot 1. Sheep grazed the 

area to a residual herbage mass of 450 kg DM/ha. Samples were taken 0.30m to 

the north of the white pegs, north is at the bottom of the picture. 
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3.8.3 Pasture composition 

Botanical composition of the pasture was measured prior to grazing of the experiment on the 

5th of May 1995. Table 3.4 presents the percentage first hits recorded for each plant species 

along a transect line. The transect line was run across the diagonal of each plot. The point 

analysis technique was used recording first hits. At the start of the experiment Monaro 

Caucasian was the only clover which covered 30% of the plots. White clover was also 

dominant in areas selected. The other four clovers measured (red, Porters Pass, Alpine and 

Kentucky clovers) covered less than 20% of the plot areas. The dominant weeds in most plots 

were self-sown white clover, mouse-ear chickweed (Cerastium fontanum) and Californian 

thistle (Cirsium arvense) which contributed over 80% of the weed population. Plots were 

grazed on the 5th of March 1995 to a herbage mass of about 450kglha. Clover morphology 

was measured at 12, 24 and 50 day intervals after grazing. 

3.8.4 Clover morphology measurements: 

Number of trifoliate leaflets per metre square was calculated by counting the number present 

within a 0.lm2 quadrat then multiplying by 10. Counts were made at 180mm north of the 

pegged areas. Within each quadrat ten individual clover specimens were removed and had 

their petiole lengths and middle trifoliate lengths measured. An average for each of the plots 

was calculated. 

Photography was also used to evaluate regrowth of the clover. Three to four samples of 

individual clover specimens were removed at ground level at 12, 24 and 50 days from each 

plot and photographed. Photos compared the two Caucasian species to white clover, and 
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another photo was taken using the same white clover specimens comparing them to the two 

zigzag specimens. 

3.8.5 Statistical analysis 

Data was analysed using the statistical anova programme Minitab 9 for windows. Data was 

analysed assuming that the white clover and red clover was evenly distributed outside the 

plots and that the white clover and red clover were plots 5 and 6 with plots 1 to 4 being the 

rhizomatous clover plots. The trial had two reps each with six plots. 

Table 3.4 Botanical composition of the old seed plots before grazing on the 5th of May 

1995. Data presented is the percentage hits out of 240 recorded for that plot. 

Plot No. Sown Red White Grass Bare Weed Litter 
Clover Clover Clover round 

Porters Pass 

29 0 13 32 0 26 0 

6 32 0 14 29 0 2] 4 
Alpine 

2 12 0 38 40 0 10 0 

8 ]2 3 16 53 4 7 5 
Kentucky 

3 28 0 16 28 0 28 0 

5 8 0 8 32 0 52 0 

Monaro 

4 58 2 35 0 0 4 0 

7 48 8 33 0 () 10 
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Chapter Four 

Results 

4.1 Botanical composition 

4.1.1 Grass 

Grazing treatments had an effect on the percentage grass cover prior to all dates of grazing. 

Hard grazing reduced the proportion of grass cover at all grazing dates compared to lax 

grazing treatments. Rotational grazing also reduced grass cover in late autumn (Table 4.1.1 a). 

Overall there was little variation in the grass percentage cover within the rhizomatous 

species. Grass cover was depressed by Monaro Caucasian clover cover in May (Table 4.1.1 b). 

Table 4.1.1a The effect of different grazing treatments on the percentage grass cover 

prior to grazing. 

Grazing Treatment Pre grazing Dates 

SH 68.6 44.3 64.9 55.3 
SL 83.3 74.3 83.8 68.9 
RH 59.0 64.1 61.6 56.3 
RL 72.5 80.3 1 72.0 
Significance 0.050 0.012 0.021 0.030 
SED 2.50 4.35 3.73 3.30 
Significant Contrasts 
SvsR 0.006 0.025 0.282 0.437 
LvsH 0.003 0.005 0.006 0.008 
Interaction 0.145 0.113 
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Table 4.1.1b The effect of different rhizomatous species on the percentage grass cover 
iii 

prior to grazing. 

Species Pregrazing Dates 
15/4 10/5 316 1110 

Monaro 67.9 57.5 69.6 59.1 
Alpine 68.3 65.0 73.4 63.9 
Kentucky 72.5 67.0 72.9 56.3 
Porters Pass 70.4 73.1 74.6 66.6 
Significance 0.249 0.002 0.108 0.110 
SED 2.23 2.14 1.70 3.30 
Significant Contrasts 
Caucasian vs Zigzag 0.078 0.001 0.105 0.124 

4.1.2 Rhizomatous Clover 

Set stocking of pastures significantly (P<0.042) reduced the percentage cover of Caucasian 

clovers. Caucasian clover was on average highest in the rotational grazed hard treatments 

when compared to the lax treatment. Percentage cover of zigzag clover was very low at all 

pre-grazing dates regardless of treatment but lax rotational grazing favoured its survival after 

winter (Table 4.1.2a). 

Monaro had the highest percentage cover when averaged out over all four grazing treatments 

with a peak of 26.5%, 21 days after grazing in April. Caucasian clovers had a significantly 

(P<O.OI) higher percentage coverage than zigzag at all pre-grazing dates (Table 4.1.2b). 
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Table 4.1.2a The effect of different grazing treatments on the percentage cover of 

Caucasian and zigzag clover prior to grazing. 

CC = Caucasian clover ZZ = Zi~za~ clover 

Grazing Pregrazing Dates 
Treatment 15/4 10/5 3/6 1/10 

CC ZZ CC ZZ CC ZZ CC ZZ 
SH 6.0 0.0 13.0 2.3 2.3 0.0 4.8 0.0 

SL 6.1 0.0 12.9 0.1 3.5 0.0 5.3 0.0 

RH 23.1 0.9 29.3 2.3 15.4 0.3 14.3 0.0 

RL 18.4 0.8 17.9 1.9 7.6 0.0 13.4 1.6 
Significance 0.010 0.057 0.042 0.084 0.004 0.500 0.019 <0.001 
SED 2.26 0.23 3.36 0.58 1.16 0.15 2.68 0.08 
Significant Contrasts 
SvsR 0.003 0.015 0.020 0.115 0.002 0.391 0.005 <0.001 
LvsH 0.240 0.761 0.093 0.059 0.028 0.391 1.000 <0.001 
Interaction 0.224 0.761 0.097 0.115 0.012 0.391 0.694 <0.001 

Table 4.1.2b The percentage coverage of rhizomatous clovers prior to grazing. 

Species Pregrazing Dates 
15/4 10/5 3/6 1/10 

Monaro 13.1 26.5 11.0 18.0 
Alpine 8.1 10.0 3.3 1.0 
Kentucky 1.5 2.3 0.0 0.0 
Porters Pass 5.6 0.9 0.1 0.8 
Significance 0.034 <0.001 <0.001 <0.001 
SED 1.88 1.91 0.90 0.84 
Significant Contrasts 
Caucasian vs Zigzag 0.009 <0.001 <0.001 <0.001 

4.1.3 White clover 

Percentage cover of white clover was not affected by grazing treatments in autumn. Both 

frequency and intensity of grazing had an effect on white clover pasture cover in October 
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(Table 4.1.3a). The significant interaction (P<O.OOl) occurred when the two extreme 

treatments (SH and RL) depressed white clover cover. 

Table 4.1.3a The effect of different grazing treatments on the percentage cover of white 

clover prior to grazing. 

Grazing Treatment Pregrazing Dates 
15/4 1015 316 1110 

SH 8.4 10.3 9.5 18.0 
SL 8.8 11.4 8.5 24.3 
RH 12.3 14.0 11.3 25.6 
RL 9.9 7.5 9.6 13.8 
Significance 0.551 0.339 0.282 <0.001 
SED 2.61 2.96 2.56 0.46 
Significant Contrasts 
SvsR 0.281 0.982 0.792 0.024 
LvsH 0.638 0.286 0.137 0.003 
Interaction 0.509 0.163 0.246 <0.001 

White clover cover was depressed by Caucasian clover with Monaro generally causing the 

greatest reduction. By pre-grazing in October percentage cover of white clover had doubled in 

all rhizomatous species treatments compared to pre-grazing in June (Table 4.1.3b). 

Table 4.1.3b The effect of different rhizomatous clovers on the percentage cover of 

white clover prior to grazing. 

Species 15/4 
Monaro 8.8 
Alpine 8.6 
Kentucky 11.5 
Porters Pass 10.4 
Significance 0.121 
SED 1.14 

Caucasian vs Zigzag 0.030 

Pregrazing 
1015 
4.4 
8.1 
10.5 
11.4 

0.003 
1.11 

<0.001 

Dates 
316 
6.6 
8.5 
10.3 

0.415 

0.169 

1/10 
14.5 
20.1 
23.0 
24.1 

0.116 

0.046 
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4.1.4 Bare-ground, red clover, weed and dead material 

Set stocked hard treatments had a higher proportion of bare-ground cover 21 days after 

grazing in March and April. Prior to grazing in October little or no bare ground was present. 

Red clover had low cover values in all grazing treatments and the percentage cover of dead 

matter was also low. Hard grazing particularly in the set stocked treatment resulted in a high 

percentage of weed cover ranging from 12.5 to 24.1 % (Table 4.1.4a). 

Table 4.1.4a The effect of different grazing treatments on the percentage cover of bares 

ground, red clover, weed and dead material prior to grazing. 

Variate Grazing Pregrazing Date 
Treatment 15/4 lOIS 316 1110 

Bare SH 4.3 25.4 2.5 0.0 
Ground SL 0.0 1.3 0.5 0.0 

RH 1.3 0.1 13.0 1.0 
RL 3.1 1.3 6.6 0.5 

Red Clover SH 0.0 0.1 0.0 0.1 
SL 0.0 0.0 0.0 0.0 
RH 0.0 0.4 0.1 1.3 
RL 1.4 0.0 0.5 0.5 

Weed SH 16.0 12.5 21.9 24.1 
SL 3.4 3.1 2.0 4.1 
RH 5.4 5.9 5.9 8.4 
RL 2.9 2.4 2.3 5.6 

Dead SH 0.0 0.0 0.0 0.0 
SL 0.6 3.4 3.5 0.0 
RH 0.0 0.0 0.0 0.0 
RL 1.3 0.0 1.6 0.0 
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The percentage cover of bare-ground was similar between each of the sown clover 

treatments. Prior to grazing in October the level of bare-ground and dead material was very 

low in all treatments compared to other dates. Red clover cover was unaffected by sown 

rhizomatous clovers and did not exceed 1 %. Weed cover ranged between 4 and 14% with no 

obvious pattern although Kentucky and to a lesser extent Alpine tended to have more weeds 

(Table 4.1.4b). 

Table 4.1.4b The effect of rhizomatous species on the percentage cover of bare~ground, 

red clover, weed and dead material prior to grazing. 

Variate Sown Clover Pregrazing Date 
15/4 1015 316 1/10 

Bare Monaro 4.6 5.6 5.3 0.8 
Ground Alpine 6.3 7.9 5.4 0.3 

Kentucky 5.0 8.1 4.9 0.4 
Porters Pass 7.3 5.3 7.0 0.1 

Red Clover Monaro 0.1 0.0 0.0 0.3 
Alpine 0.4 0.4 0.5 0.8 
Kentucky 0.7 0.1 0.0 1.0 
Porters Pass 0.4 0.0 0.0 0.3 

Weed Monaro 4.8 4.1 6.8 7.4 
Alpine 7.5 5.6 8.4 14.0 
Kentucky 8.8 8.1 10.6 13.1 
Porters Pass 6.8 6.0 6.3 8.1 

Dead Monaro 0.1 0.8 0.6 0.0 
Alpine 0.6 1.0 0.8 0.0 
Kentucky 1.0 1.1 1.4 0.0 
Porters Pass 0.3 0.6 2.3 0.0 

4.2 Clover Morphology Characteristics 

4.2.1 Length of the petiole 

Petiole length of rhizomatous and white clovers in lax rotational grazed swards were on 

average longer than in other treatments. White clover petiole length was affected by both the 

intensity and frequency of grazing prior to grazing in April and May. The length of the white 
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clover petiole was generally longer than the rhizomatous clovers except pre-grazing in 

October. There was a steady decline in petiole length from pre-grazing in April to pre-grazing 

in June in rotational grazed swards and set stocked lax swards (Table 4.2.1) 

Table 4.2.1 The effect of different grazing frequencies and intensities on the petiole 

length (mm) of white clover and the sown rhizomatous clovers immediately 

before grazing. 

Note: 0 indicates that no leaves were found 

Dates Sown Treatment significance 
Grazed Clover SH SL RH RL SED S R L H Interaction 

15/4 Monaro 14 39 30 70 34.6 0.402 0.274 0.789 
we 22 53 61 131 16.0 0.014 0.021 0.189 

Alpine 12 38 32 67 
P.P 16 38 38 67 

Kentucky 24 27 27 57 
1015 Monaro 19 28 15 51 3.6 0.028 0.003 0.013 

we 19 41 24 79 9.2 0.045 0.009 0.083 

Alpine 0 14 17 50 
P.P. 0 0 0 57 

Kentucky 0 0 19 28 
3/6 Monaro 16 17 12 42 15.0 0.379 0.242 0.263 

we 19 31 19 34 2.1 0.248 0.003 0.395 

Alpine 4 23 12 24 
P.P. 0 0 0 0 

Kentucky 0 0 0 0 
1110 Monaro 95 53 72 63 24.5 0.718 0.221 0.404 

we 64 66 74 81 20.2 0.440 0.781 0.881 

Alpine 0 0 23 56 
P.P 0 0 0 51 

Kentucky 0 0 27 43 



50 

4.2.2 Length of the middle trifoHate leaflet of clover growing ~oints. 

Length of the middle trifoliate leaflet was on average longer in autumn in lax rotationally 

grazed swards. The leaflet length of Monaro doubled from pre-grazing in June to pre-grazing 

in October and white clover showed a similar increase of 3-4mm, but was 8mm shorter than 

the Monaro. Kentucky and Alpine when present had leaf lengths similar to Monaro (Table 

4.2.2). 

Table 4.2.2 The effect of different grazing frequencies and intensities on the length 

(mm) of the middle trifoliate clover leaf prior to grazing. 

Note: 0 indicates that no leaves were found 

Dates Sown Treatment Interaction 
Grazed Clover SH SL RH RL SED SR L H Interaction 

15/4 Monaro 10 16 15 17 5.7 0.531 0.315 0.762 
we 9 12 12 13 1.3 0.085 0.100 0.309 

Alpine 9 15 15 15 
P.P. 11 9 15 19 

Kentucky 9 11 12 16 
1015 Monaro 10 14 9 20 1.0 0.131 0.003 0.068 

we 9 10 9 15 0.9 0.052 0.010 0.035 

Alpine 0 5 11 15 
P.P. 0 0 0 19 

Kentucky 0 0 9 10 
3/6 Monaro 10 10 11 16 1.2 0.032 0.080 0.058 

we 9 11 11 12 1.5 0.219 0.303 0.495 

Alpine 3 11 10 13 
P.P. 0 0 0 0 

Kentucky 0 0 0 0 
1110 Monaro 24 23 24 24 2.5 0.793 0.861 0.728 

we 14 13 14 14 0.8 0.789 0.239 0.444 

Alpine 0 0 23 22 
P.P. 0 0 0 10 

Kentucky 0 0 23 27 
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4.2.3 Number of growing points (Trifoliate leaves) 

Rotational grazing increased the number of rhizomatous clover growing points (number of 

trifoliate leaves). White clover growing points were highest in the hard rotationally grazed 

treatment compared to the other three treatments (Table 4.2.3). 

Table 4.2.3 The effect of different grazing frequencies and intensities on the growing 

points (trifoliate leaves) of clovers per metre squared prior to grazing. 

Note: 0 indicates that no leaves were found 

Dal~~d I Sown Treatment significance 
Gra Clover 8H SL RH RL SED SR L H Interaction 

15/4 Monaro 270 500 640 890 139 0.030 0.089 0.950 
we 140 490 530 410 131 0.204 0.297 0.088 

Alpine 70 220 730 510 
P.P. 30 20 140 50 

Kentucky 40 40 100 50 
10/5 Monaro 240 550 1320 1100 476 0.096 0.879 0.470 

we 400 480 780 340 166 0.160 0.555 0.054 

Alpine 0 100 720 710 
P.P. 0 0 0 40 

Kentucky 0 0 0 50 
3/6 Monaro 100 450 670 430 172 0.108 0.682 0.094 

we 200 380 410 290 204 0.683 0.840 0.375 

Alpine 30 350 290 170 
P.P. 0 2 10 200 

Kentucky 0 0 0 30 
1110 Monaro 290 280 980 1360 119 0.002 0.102 0.118 

we 320 460 650 330 75 0.150 0.187 0.021 

Alpine 150 120 140 100 
P.P. 10 0 0 20 

Kentucky 20 0 20 50 

The number of growing points for most treatments were lowest in June. Alpine had low 

growing point numbers in October but little difference between grazing treatments. The 
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residual effects of grazing treatments on spring recovery showed a strong depression in 

Monaro set stocked leaf numbers and a significant interaction (P<0.02l) for white clover 

where the extreme grazing treatments (SH and RL) had reduced leaf numbers (Table 4.2.3). 

4.3 Grass Characteristics 

4.3.1 Number of tillers 

Laxly grazed pastures had higher tiller numbers than hard grazed treatments. Lax set stocked 

swards had the highest numbers of tillers (5030-5750/m2) compared to the other three 

treatments. Tiller numbers in the set stocked hard swards were lower than the other three 

treatments, particularly before grazing in June (Table 4.3.1). 

Table 4.3.1 The effect of different grazing frequencies and intensities on the ryegrass 

tiller numbers per m2 prior to grazing. 

Dates Treatment Significance 

Grazed SH SL RH RL SED SR LH Interaction 

15/4 2930 5550 3980 4630 145 0.553 <0.001 0.002 

lOIS 4120 5630 4180 4500 825 0.410 0.222 0.404 

3/6 2500 5030 3200 4800 80 0.024 <0.001 0.004 

1/10 4150 5750 5700 5710 780 0.337 0.235 0.216 

4.3.2 Dry weight of tillers 

Lax grazed treatments prior to grazing in April, May and June had a significantly (P<O.024) 

higher proportion of tiller mass than hard grazing treatments, however over all treatments 

there was a steady decline in dry matter production from April to June. Frequency of grazing 

had little effect on the accumulation of dry matter. Prior to grazing in October the amount of 

tiller dry matter was affected by both frequency and intensity of defoliation. High pasture 

mass in the lax set stocked prior to grazing in October is due to the winter active weed Poa 
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annua. High proportions of the tiller dry matter in the set lax grazed treatments was dead 

material (Table 4.3.2). 

Table 4.3.2 The effect of different grazing frequencies and intensities on the weight of 

ryegrass dry matter (g DM per m2
) and percentage fresh matter prior to 

grazing. Herbage was cut and removed leaving a residual of 450 kg DMlha • 

Dates Treatment Significance 

Grazed SH SL RH RL SED SR LH Interaction 

15/4 Weight 88 305 152 238 61.0 0.973 0.039 0.224 

FW% 86 66 100 78 

10/5 Weight 13 118 41 112 8.0 0.137 <0.001 0.061 

FW% 94 73 100 88 

3/6 Weight 20 73 17 42 12.9 0.165 0.024 0.230 

FW% 96 85 100 95 

1/10 Weight 172 139 144 165 6.7 0.910 0.291 0.012 

FW% 95 100 100 100 

4.3.3 Length of ryegrass tillers 

Length of ryegrass varied from 39mm to 183mm. Lax grazing treatments generally had 

longer tillers than hard grazed treatments. Tillers in hard set stocked pastures were 50% 

shorter than in any other treatment. By pre-grazing in October the length of tillers was very 

similar for all treatments (Table 4.3.3). 
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Table 4.3.3 The effect of different grazing frequencies and intensities on the length 

(mm) of ryegrass was measured prior to grazing, measured from ground level to 

the top of the tiller. 

Dates Treatment Significance 

Grazed SH SL RH RL SED SR LH Interaction 

15/4 51 137 56 105 14 0.278 0.007 0.157 

10/5 39 98 93 153 13 0.009 0.007 0.960 

3/6 43 138 57 109 22 0.017 0.265 

1110 147 151 163 183 16 0.112 0.357 0.514 

4.4 Underground biomass 

4.4.1 Grass underground biomass 

Underground biomass of grass was highest in set stocked lax swards (328g/m3
), but variation 

between treatments was small (Table 4.4.1a). The underground biomass of grass in Monaro 

treatments was 29% lower than in white clover treatments (Table 4.4.1 b). A high proportion 

of the grass was the annual grass Paa annua. 
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Table 4.4.1a The effect of different grazing treatments on underground biomass (g/m j
) 

of grass in August 1995. 

Grazing Treatment 
SH 
SL 
RH 
RL 

Significance 
SED 

Significant Contrasts 
S vsR 
LvsH 

Interaction 

Underground Biomass (g/m3
) 

250 
328 
218 
279 

0.459 
62.5 

0.426 
0.210 

0.860 

Table 4.4.1b The effect of white clover and Monaro Caucasian clover on undermground 

biomass (g/m3) of grass in August 1995. 

Species 
Monaro 

White Clover 
Significance 

SED 

4.4.2 Monaro underground biomass 

Underground Biomass (g/m3
) 

223 
315 

0.081 
62.5 

Set stocked treatments significantly reduced (P<0.007) the underground biomass of Monaro 

Caucasian clover. The most biomass was found under the rotationally grazed hard treatments 

(Table 4.4.2a). 
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Table 4.4.2a The effect of different grazing treatments on underground biomass (g/m3) 

of Monaro Caucasian in August 1995. 

Grazing Treatment 
SH 
SL 
RH 
RL 

Significance 
SED 

Significant Contrasts 
S vsR 
LvsH 

Interaction 

. Underground Biomass (g/m3
) 

50 
106 
373 
270 

0.022 
49.8 

0.007 
0.486 
0.123 

There was no Monaro present in the white clover treatments. The average underground 

biomass for Monaro was 202 g/m3 (Table 4.4.2b). 

Table 4.4.2b The effect of white clover and Monaro Caucasian clover on underground 

biomass (g/m3) of Monaro Caucasian in August 1995. 

Species Underground Biomass (g/m3
) 

Monaro 
White Clover 
Significance 

SED 

4.4.3 Underground biomass of white clover 

202 
o 

<0.05 
7.6 

Set stocked treatments had at least 80% more white clover underground biomass than 

rotationally grazed swards (Table 4.4.3a). There was less differellce in the biomass under 

white clover and Caucasian treatments (Table 4.4.3b). 
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Table 4.4.3a The effect of different grazing treatments on underground biomass (glm3
) 

of white clover in August 1995. 

Grazing Treatment 
SH 
SL 
RH 
RL 

Significance 
SED 

Significant Contrasts 
S vsR 
LvsH 

Interaction 

Underground Biomass (g/m3
) 

20 
34 
4 
4 

0.065 
4.1 

0.079 
0.061 
0.072 

Table 4.4.3b The effect of white clover and Monaro Caucasian clover on underground 

biomass (g/m3
) of white clover in August 1995. 

Species Underground Biomass (g[m3) 

Monaro 
White Clover 
Significance 

SED 

7 
9 

0.065 
0.1 

4.4.4 Underground biomass of weeds (Non grass and not clover) 

Hard grazed treatments particularly set stocked treatments had a high underground biomass 

(9.8g/m3
) (Table 4.4.4a). Monaro treatments had a higher proportion of weeds compared to 

white clover (Table 4.4.4b). The dominant component of underground weed biomass was 

yarrow rhizome (Achillea mille folium) and storksbill (Erodium cicutarium). 
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Table 4.4.4a The effect of different grazing treatments on underground biomass (glm3) 

of weeds in August 1995. 

Grazing Treatment 
SH 
SL 
RH 
RL 

Significance 
SED 

Significant Contrasts 
SvsR 
LvsH 

Interaction 

Underground Biomass (glm2) 
9.8 
0.4 
2.0 
0.8 

0.117 
2.9 

0.165 
0.080 
O. 

Table 4.4.4b The effect of white clover and Monaro Caucasian clover on underground 

biomass (glm3
) of weed in August 1995. 

Species 
Monaro 

White Clover 
Significance 

SED 

Underground Biomass (glm3
) 

4.7 
1.8 

0.447 
2.41 

4.5 Supplementary Study on clover recovery from a grazing on the 5th of 

May 1995. 

4.5.1 Number of growing point (Number of trifoliate leaves) 

Rhizomatous clovers and red clover had increasing numbers of growing points up until 24 

days after grazing, and then level off from 24 to 50 days. White clover continued to increase 

from 0 to 50 days. Monaro Caucasian clover on average had the highest number of growing 

points but the high variation in the data means it was not significantly different to white 

clover at 24 and 50 days (Plate 4.1)(Table 4.5.1). 
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Table 4.5.1 The number of clover growing points per metre squared over 50 days after 

grazing on the 5th of May to a residual herbage mass of 450 kg DMiha. 

Clover Specks Days After Grazing 
0 12 24 50 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Porters Pass 100 40 480 10 540 90 40 90 
Alpine 550 220 960 760 2010 640 2080 810 
Kentucky 40 10 150 40 360 170 310 10 
Monaro 850 180 4500 1570 4940 3030 5280 3220 
White clover 560 100 2940 860 3330 1660 4790 690 
Red clover 320 220 350 180 380 150 360 160 

Significance P<O.OS P<O.OS N.S. P<0.05 

4.5.2 The length of the middle trifoliate leaf 

Leaf length of the middle trifoliate was much the same for all clover species except the 

zigzag seed line Porters Pass which was 4mm shorter than the rest at the start of the 

experiment. At 12 and 50 days there was no differences between clovers. At 24 days however 

there was a significant difference (P<0.05) between the different types of clover, probably due 

to the Porters Pass having a short leaf length (8mm) and Monaro which had a long leaf length 

(15mm)(Plates 4.1 and 4.2)(Table 4.5.2). 

Table 4.5.2 The average length (mm) of the middle trifoliate for clovers over 50 days 

after grazing on the 5th of May to a residual herbage mass of 450 kglha. 

Clover Species Days After Grazing 
0 12 24 50 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Porters Pass 6 2 10 4 8 2 9 1 
Alpine 10 3 12 0 12 1 12 1 
Kentucky 10 2 15 6 12 1 16 4 
Monaro 11 1 16 1 15 3 15 1 
White clover 10 1 11 0 10 1 12 0 
Red clover 10 1 13 0 10 1 15 1 

Significance N.S. N.S. P<O.OS N.S. 
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4.5.3 Petiole length 

Grazing resulted in clover types having a similar petiole length at the start of the experiment. 

Twelve days after grazing Monaro Caucasian had extended its petiole length by an average of 

71mm compared to white clover which was the next best at 46mm. Porters pass, Kentucky 

and red clover showed little increase in length from 24 to 50 days. White clover and Alpine 

Caucasian were the only clovers which steadily increased their petiole length over the entire 

50 day period (Plates 4.1 and 4.2)(Table 4.5.3). 

Table 4.5.3 The average petiole length (mm) for clovers over 50 days after grazing on 

the 5th of May to a residual herbage mass of 450 kg/ha. 

Clover Species Days After Grazing 
0 12 24 50 

Date 5/5 Date 17/5 Date 29/5 Date 24/6 
Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Porters Pass 4 1 8 0 9 1 11 1 
Alpine 3 1 16 8 34 11 43 18 
Kentucky 3 1 6 1 8 2 5 1 
Monaro 4 2 75 27 80 31 75 34 
White clover 3 1 49 5 56 28 80 12 
Red clover 4 1 25 15 22 6 32 7 

Significance N.S. P<O.Ol N.S. P<O.Ol 



IP J. 
~ 

-' .' ) -( 

Plot.4. Plot.7. 

Monaro 
Caucasian Clover 

Plot. ) . Plot.6 . 

Porters Pass, 
Z ig-zag Clover 

Plo t. I 

.'r 
~ 

PloL6. 

POrlc: rs Pass, 
Zig-zag Clover 

14 Days 

• 
Huia 

White Clover 

24 Days 

Huia 
White Clover 

J)~I :' 1) 

• 

II 1Iia 
Whik Clovcr 

.... 

Plot.2. Plot.8 . 

Alpine, 
Caucasian Clover 

Plot.3 . Plot.S. 

Kentllcky 
Zig- zag Clover 

PlnU . PluL:'i . 

KL'ntlld.' 
lig- /ag Cln" cr 

61 

Plate 4.1 Kentucky and Porters pass zigzag clover and white clover 12, 24, 50 days after 
grazing the supplementary study plots on the 5th of May 1995, to a residual 
herbage mass of 450 kgDMlha. 
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Chapter 5 

Discussion 

The main objective of this study was to describe the effect of different grazing treatments on 

the botanical composition of a sward and on clover morphology. 

5.1 Botanical Analysis 

5.1.1 Grass Cover 

The present study showed grass was the most dominant of all pasture components, covering 

over 50% of the sub-plots, however Monaro Caucasian reduced grass cover by 10% (Table 

4.1.1 b). Hard set stocking also reduced the grass cover in all treatments at all grazing dates, 

and exposed bare ground for weed invasion. Weed cover was up to 29.1 % in some of the sub-

plots of the hard set stocked treatments, This was consistent with Chapman and McFarlane 

(1985) who also reported that hard grazing reduced the pasture density, and exposed bare-

ground to weed invasion. Dominant weeds in the set stocked hard treatments were the 

rhizomatous weed yarrow (Achillea millefollium), the chickweed and storksbill. 

Bare-ground also constituted a high proportion of sward cover ranging from 25.4% prior to 

grazing in May to 0% pre-grazing in October (Table 4, 1.4a). These results conflict with those 

from Allan and Keoghan (1994) who showed that, ryegrass persistence was best under 

extreme grazing, and poor under lax grazing, when measured in October. This may be an . 

artefact of the type of grazing used. The present experiment in the hard set stocked treatment 

was probably more extreme than Allan and Keoghan (1994), the hard set stocked treatment 
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was grazed severely to less than 550 kg DMlha, therefore removing most vegetative green 

material leaving little leaf to recover from. 

5.1.2 Rhizomatous clover cover 

Caucasian clover had a significantly (P<0.009) higher cover than that of zigzag in all grazing 

treatments (Table 4.1.2a). Zigzag clover has growing points above ground (Townsend, 1985), 

and these are susceptible to removal by grazing (Mason, 1987). Hard rotational grazing and to 

a lesser extent, lax rotational grazing produced a higher sub-plot cover of rhizomatous clovers 

than the set-stocked treatments (Table 4.1.2a). This supports Allan and Keoghans' (1994) 

conclusion that rotational and alternative grazing enhanced the spread of Monaro Caucasian 

at high or medium stocking rates compared to set stocking. 

The average cover of hexaploid Monaro Caucasian was 5 to 18% (Plate 5.1) greater than in 

the diploid cultivar Alpine Caucasian prior to all grazing dates (Table 4.1.2b). Bryant (1974) 

and Dear and Zorin (1985) have also highlighted the greater potential of the hexaploid in 

mixed pasture swards as compared to the diploid Alpine. Vegetative cover of both Caucasian 

species was low prior to grazing in June than in May, probably due to declining temperatures. 

A similar reduction was measured by Mears (1975). 

5.1.3 White clover cover 

White clover cover was between 7 and 14% in all grazing treatments in autumn and early 

winter (Table 4.1.3a). The cover of white clover in pastures prior to grazing in October (14-

26%) was similar to the proportions found by Caradus (1991) at Palmerston North for Huia 

white clover (28%) in mixed swards mob- stocked with sheep. After grazing in June 'clean 

up grazing' were applied every six weeks to leave a residual herbage mass of approximatcly 

800 kg/ha. The white clover cover, prior to grazing in October in the lax rotational grazed 
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Plate 5.1 Cover of Monaro in the lax (plot 6) and hard (plot 7) rotational grazed 

treatments on the 25 of September 1995, approximately 5 weeks after the last 

grazing. Note the size of leaf and height of clover and the leafiness of the ryegrass 

in lax rotational grazed as compared to the hard rotational grazed, which had 

small leafed, short clover plants within the grass sward but still covered had a 

greater percentage cover than lax rotational grazed. 
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was low (Table 4.1.3a) which confirms work by Brougham (1958) that lenient and infrequent 

grazing favours grass growth and not white clover. 

Set stocked treatments, were higher in white clover cover compared to the rotational grazed 

lax treatment(Table 4.1.3a). This supports Brougham (1958) who found that hard grazing 

favours the growth of clover. The severity of grazing in the present treatment in the hard set 

stocked (to an estimated residual of less than 550 kg DM/ha in May and June) was severe, 

leaving little leaf material post grazing, and therefore leaving few stolons from which leaves 

could develop over the winter. If the residual herbage mass of the hard set stocked treatment 

was increased it may have resulted in an increase in white clover coverage. 

The cover of white clover in Monaro Caucasian sub-plots was reduced compared to the white 

clover sub-plots (Table 4.1.3b). Monaro cover in rotationally grazed pastures was high 

(Table, 4.2.1 a) (Plate 5.1) and this reduced the potential for volunteer white clover growth. 

5.1.4 Bare-ground, weed, red clover and dead material cover 

Hard grazing treatments increased the proportion of bare ground (Table 4.1.4a), section 

5.1.1. In rotational grazed pastures the drill rows were still present, and hard grazing left these 

rows visible, and the bare-ground between them susceptible to weed invasion (Table 4.1.4a). 

The cover of red clover was very low in all treatments (Table 4.1.4b). Red clover was not 

sown in this trial, but the volunteer red clover that was present, was susceptible to grazing due 

to its above ground growing point. 

Dead material was highest in the lax set stocked swards prior to grazing in April, May and 

June (Table 4.1.4b). Lax set stocking in autumn increased the proportion of less palatable 

grass material such as leaf sheath, inflorescences and dead material, due to sheep selectively 
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grazing the more digestible components (Smetham, 1990). Clean up grazmgs in winter 

removed all dead material prior to grazing in October (Table 4.1.4 a and b). 

5.2 Clover Morphology 

5.2.1 Petiole length of clovers 

Severe grazing of clovers, particular in set stocked hard treatments, resulted in reduced plant 

size. Caucasian clover particularly Monaro and white clover were more prostrate and compact 

in hard grazing treatments (Plate 5.1)(Table 4.2.2 and 4.2.3). Frame and Newbould (1986) 

suggested this response to grazing allows clover to escape defoliation as it is not in the 

grazing horizon. 

Lax grazing increased the petiole length of all clovers (Plate 5.1). White clover petioles were 

substantially longer than the rhizomatous clovers (Table 4.2.1). To compete with grasses for 

light, clovers must produce long petioles and large leaflets (Brougham, 1962). Brock et al 

(1989) also found that stolon length was longest under rotational grazing. 

Petiole length declined as autumn progressed for Caucasian clover and white clover. After 

the clean up grazing in winter and prior to grazing in October, petiole lengths for each clover 

were similar between treatments but longer than in autumn (Table 4.2.1a), which may have 

resulted from declining air and soil temperatures reducing elongation of the petioles. During 

the present trial mean soil temperatures at O.1m in May and June was 9°C and 6°C 

respectively (Fig 3.3) and mean air temperature was 11°C in May and 7°C in June (Fig 3.2) .. 

Munro and Hughes (1963) reported that petiole length is temperature and light dependent, 

particularly for white clover. Chapman (1983) measured little stem elongation in white clover 

from mid-June to mid-August in the field in New Zealand, when soil temperatures were in the 
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range of 6.S-7.0°C. Dear and Zorin (1985) found T.ambiguum ceased growth in winter 

although a few short green leaves were evident reducing leaf size' and trifoliate leaf number. 

5.2.2 Middle trifoliate leaf length 

Middle trifoliate leaf length of rhizomatous clovers were 2 to 10mm longer than white 

clover. Leaf lengths of all clovers were longer before grazing in April than June. Leaves were 

longest in the lax rotational grazed pastures (Plate 5.1)(Table 4.2.2). Widdup and Turner 

(1983) reported that severe grazing reduces leaf size, allowing small leaved clovers increased 

productivity and persistence than large leaved types. Infrequent grazing allows the expansion 

of clover leaves, which increases their potential to compete for light within the sward (Harris 

and Brougham, 1968), and thus maintains photosynthetic capacity (Curll and Jones, 1989). 

The expansion of clover leaves is also sensitive to temperature and photoperiod. Low 

temperatures in autumn and winter may reduce leaf size in white (Brock et ai, 1989; Haycock, 

1981) and Caucasian clover (Mears, 1975). 

5.2.3 Supplementary Study; growth of petiole and leaf after grazing 

The supplementary study on regrowth of clover following grazing showed a similar 

temperature response to that of the main grazing trail. Decreasing temperature reduced the 

rate of growth of leaf and petiole structures, although petiole length of white clover continued 

to increase over the entire duration of the experiment. The Caucasian species, particularly 

Monaro, increased their petiole lengths for up to 24 days after grazing, but the rate of increase 

slowed from 24 to 50 days (Plate 5.2) suggesting that it was becoming winter dormant. 

Growth of the diploid Alpine Caucasian was slower than that of hexaploid Monaro Caucasian 

(Plates 4.1 and 4.2; Table 4.5.3). 
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Middle trifoliate leaf length increased in all species up until Ii days after grazing, but from 

then on the increase was less than 4 mm. Rhizomatous clover leaf lengths ranged from 6 mm 

for Porters Pass zigzag to 16 mm for Kentucky zigzag and Monaro Caucasian clover (Plate 

5.2). This was below that recorded in the main grazing trail for these species pre-grazing in 

October which ranged from 10 mm for Porters Pass to 27 mm for Kentucky, 22 mm for 

Alpine and 24 mm for Monaro (Plates 4.1 and 4.2) (Table 4.2.2). Again, this indicates that 

temperature decreased leaf expansion of clover leaves from eady May onwards. 

5.2.4 Number of Growing Points 

Hay and Baxter (1984), found that set stocking of pastures allows continual removal of 

leaves from white clover and this causes a change in clover phenology such as increases in 

branching and the number of growing points. 

Hard set stocking of pastures until grazing in June, lowered growing point numbers of 

Caucasian clover by an average of 200% than in other treatments. Hard rotational grazing had 

higher number of growing points of both Caucasian and white clover at all grazing dates. 

White clover produced more growing points than Caucasian clover in set stocked hard 

treatments after grazing in autumn (Table 4.2.3). After clean up grazings were applied during 

winter pre-grazing growing point numbers in rotational grazed treatments were subtantially 

higher in Monaro Caucasian than in any clover (RH 980 and RL 1360/m2). White clover 

however produced more growing points in set stocked treatments than in any other treatment 

prior to grazing in October (Table 4.2.3), similar results were found by Brougham (1957). 

Dear and Virgona (1995) reported that once established, Caucasian clover plants tolerates 

grazing because the stems and growing points are below the soil surface. Compared to the 
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zigzag clover which had very low populations of growing points (TabJe 4.2.3) because of 

growing points above ground (Townsend, 1985). 

White clover growing point numbers were well below that recorded by Caradus (1991) for 

Huia white clover in a mixed sward at Pa1merston North (1850 growing points/m2
). One of 

the main factors to consider in the interpretation of this data is that the white clover was self 

sown, unlike the rhizomatous species, and this may have resulted in low populations. 

High growing point densities are expected to confer an advantage in persistence of white 

clover, because stolon production is essential for vegetative survival (Beinhart, 1963). 

Therefore frequent grazing may benefit white clover production. 

5.2.5 Supplementary study on the growing point numbers of clovers after grazing. 

Grazing to a pasture mass of 450 kg DMlha removed most of the petioles that were present 

before grazing. By 12 days after grazing subtantially more growing points were present for 

Caucasian and white clover compared to the other clovers. Zigzag clover had low popUlations 

of growing points throughout the trial period, which probably resulted from their removal 

during previous grazing. Monaro had very high numbers of growing points from grazing to 

day 12, but low increases from 12 days after grazing to 50 days after grazing. White clover, 

however, continued to increase the number of growing points over the entire 50 days of the 

trial (Plate 5.2)(Table 4.5.1) suggesting growth of white clover can occur during cool 

temperatures. Brougham (1962) also showed continued leaf initiation and development by 

white clover throughout the winter at Palmerston North. Haycock (1981) reported that the rate 

of leaf appearance for white clover increased linearly with the temperature in the range 5-

11°C which was similar to the mean average air temperatures in May for this triaL Dear and 

Zorin (1985), reported that decreases in temperature (Fig 3.1 and 3.2) resulted in higher root 
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Plate 5.2 The cover of white and Monaro Caucasian clover 50 days after grazing on the 

5th of May 1995 to a residual herbage mass of 450 kg/ha, in the supplementary 

study tr ial plots. Note trifoliate leaf populations and leaf size of clovers. 
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to shoot ratios for Caucasian clover, with a resultant reduction in the number of growing 

points. The hexaploid Monaro Caucasian had more growing points than the diploid Alpine 

(Table 4.2.3). 

5.3 Grass Characteristics 

5.3.1 Tiller number 

Perennial ryegrass tiller numbers follow distinct seasonal trends, with highest numbers in late 

winter-early spring and lowest numbers in late autumn, however the rate of tillering and tiller 

numbers will also be influenced by grazing management (Hunt and Field, 1979; Korte, 1986; 

L'Huillier, 1987). In the present trial lax grazed pastures particular those run with a set 

stocked system, had more tiller numbers than hard grazed pastures until grazing in June 

(Table 4.3.1). Lax grazing in autumn allows sufficient leaf area to promote high pasture 

growth rates (Smetham, 1990). 

Hard set stocking of pastures in April increased the number of tillers prior to grazing in May 

but a severe grazing in May reduced the number of tillers prior to grazing in June by 1600/m2 

(Table 4.3.1). When pastures are grazed hard, as inevitability occurs during a period of feed 

shortage, tiller death can occur. Pasture production, can therefore, be reduced for several 

months, until tiller numbers recover, allowing weeds to invade bare-ground patches (Korte, 

Chu and Field, 1987). Low tiller numbers in the hard set stocked treatment occurred prior to 

all grazings. However, tiller numbers recovered prior to grazing in October, compared to 

autumn and winter, but were still below the other treatments (Table 4.3.1). These reduced 

tiller numbers allowing invasion of the winter active grass Poa annua, chickweed (Cerastium 
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arvense) and storksbill (Erodium cicutarium) and yarrow (Achillea millefolium) in the hard 

set stocked treatment. 

5.3.2 Tiller weight and length 

Results for the tiller weight and length followed a similar trend to tiller numbers. In hard set 

stocked treatments tiller weight and length were substantially reduced compared to the other 

treatments and both tiller weight and length were higher pre-grazing in April than in June. 

Lax grazed pastures had higher tiller weights and lengths than hard grazed pastures and lax 

set stocked pastures had a greater accumulation of dry matter than other pastures (40% more 

on average) (Tables4.3.2 and 4.3.3). 

Reduced tiller weight and length from April to June was probably caused by reducing soil 

and air temperatures. In the present trial mean air temperature from March to June declined 

from IS.SoC to 6°C and minimum grass temperatures declined from 7°C to O°C (Fig 3.2). 

Mitchell and Lucanus (1960) reported a similar reduction in day temperature from 15.5 to 

7.2°C caused a reduction in growth of individual tillers and that the length and width of leaf 

blades also declined with lower temperatures. 

Low or no irrigation was applied to the grazing treatments from April to May (Fig 3.1) and 

this may have caused, low tiller weights and tiller length due to a lack of soil moisture. 

Moisture stress causes a reduction in tiller dry weight, because of a reduced rate of leaf 

expansion, slower rates of leaf appearance and accelerated rates of leaf senescence (Leafe, 

Jones and Stiles, 1977). This grazing experiment was on a silt loam of variable depth and 

visual observations suggest that growth in some areas of the trial, may have been restricted by 

low soil moisture. 
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5.4 Underground biomass 

5.4.1 Monaro Caucasian undergmund biomass 

Removal of plant leaf material is almost always associated with a drop in total (top and root) 

plant weight (Booysen and Nelson, 1975). Persistent forage legumes have the ability to 

maintain growing points and leaf area below grazing height and/or recruit new plants or 

shoots from seeds, stolons or rhizomes (CurU and Jones, 1989). 

Underground biomass in early August of grass was reduced by hard grazing (Table 4.4.1a). 

Reduced leaf material, a result of intensive grazing (Tables 4.3.2 and 4.3.3), may have lead to 

a decrease in the under ground biomass of grass. Grass underground biomass was highest 

(315g/m3) under white clover sub-plots compared to Monaro Caucasian (223g/m\ Sward 

coverage (Table 4. 1.2a) , growing point numbers (Table 4.2.3) and underground biomass 

(Table 4.4.2a) were highest for Monaro in hard rotational grazed treatments, where grass 

cover was suppressed by Monaro (Table 4.1.1 a and b) suggesting that Monaro had a 

competitive advantage over high endophyte ryegrass in these treatments. 

Severe defoliation removes growing points and leaves which are required for the production 

of assimilates (Forde, Hay, Brock, 1989; Peterson et al, 1994a). This in turn depletes the 

source of carbohydrates for growth (Sheaffer et al1988; Peterson et alI994b). The increased 

biomass under rotational grazing (322g/m\ compared to set stocking (78g/m\ indicates that 

long intervals between grazing are required to enable underground biomass to build up, 

particularly in the autumn period. Similar conclusions were reached by Allan and Keoghan 

(1994), Forde et al (1989) and Peterson et al (1994b) who all found that hard frequent grazing 

reduced the underground biomass of Caucasian clover. 
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5.4.2 White clover underground biomass 

White clover produced the highest underground biomass in set stocked treatments, in 

contrast to Monaro which was highest in rotational grazed swards (Table 4.4.3a). The amount 

of underground biomass of white clover (9g/m3) was substantially less than that of Monaro 

(202 g/m3) in each treatment. Frequent defoliation stimulates stolon growth of white clover 

(Brougham, 1959), which is light sensitive, whereas long spells between grazing will shade 

stolons and reduce plant growth (Zaleski, 1970). 

5.4.3 Weed underground biomass 

Weed underground biomass was highest under hard grazed treatments (Table 4.4.4a), which 

supports the idea that the severity of grazing reduced grass and clover cover allowing the 

invasion of weeds into exposed bare-ground areas. 

Monaro treatments had more underground weed material than white clover treatments (Table 

4.4.4b). Reduced grass growth in Monaro Caucasian treatments may have allowed the 

invasion of weed material. A high proportion of the grass roots were that of the annual weed 

Poa annua. The main weed root was that of the rhizomatous weed yarrow and storksbill. 
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Chapter 6 

General Discussion 

6.1 Experimental problems 

6.1.1 Experimental design 

The grazing trial was restricted to the original design and area of the seed plots. The main 

grazing trial had only two reps of the different grazing treatments, in the ideal situation three 

or more reps would have been better suited so that significant differences between reps of 

grazing treatments and within grazing treatments can be clearly shown. Lack of 

randomisation between grazing treatments of sub-plots with the sown rhizomatous clover 

may have reduced the significance of the hypothesis being tested. 

Grazing treatments only measured 56 * 10m which places limitations on grazing practices 

and method of sampling. Small plot areas reduced the potential to carry out rotational and set 

stocking grazing treatments due to a lack of forage for sheep, and changes in behaviour when 

animal numbers are low. The length of the sown rhizomatous clover row within the 

treatments was only 10m long but sampling could only occur on 7m metres of the row due to 

sheep walking up and down the fence lines and poking their heads through the fence and 

grazing the pasture on the other side, causing pasture growth variations immediately within 

the fence lines of grazing treatments. 
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6.1.2 Nutrient Transfer 

Dung and urine are significant sources of N, P, K, Mg and Ca for pastures (Korte and Harris, 

1987). Animals directly take up minerals through soil ingestion or indirectly through pasture 

ingestion. Very little of the ingested mineral is retained by the animal «90%) and is excreted 

and the form of faeces and urine (McLaren and Cameron, 1990). The return of excreta 

stimulates herbage production and affects biological composition of the pasture by altering 

the balance between sward species (McIntyre and Davies 1952). 

In the present trial there was a possibility that nutrients were being transferred between 

grazing treatments. Pasture ingested in one grazing treatment may have then been transferred 

to another in the form of excreta. This could be particularly important when animals are 

moved from lax grazed pastures into hard grazed pastures. 

Another possibility is that nutrient transfer is occurring within grazing treatments. Animals 

defecate mainly at night resulting in the transfer of minerals particularly phosphate to 

camping sites (McLaren and Cameron, 1990). Animals avoid grazing in sha~ed areas such as 

the east end where shading occurred by the leguminous schrub Tagasaste (Chamaecytisus 

palmensis) in main plot 7 and 8 on the east side and by the populars on the west side, they 

also grazed more on the south side in plots 1-3 due. to human influence. 

To clarify the effect of nutrient transfer, soil tests are required for all grazing treatments and 

for reps of sub-plots in grazing treatments. If an uneven distribution of nutrients becomes 

apparent from the soil tests, differential fertiliser application may be required to smooth out 

soil fertility differences. 
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6.1.3 Nodulation problems 

During the duration of the trial it became noticeable that Caucasian clover plants particular 

Monaro were growing better at defecation sites, which suggests poor nodulation of the 

legume. Sowing of seed with suitable inoculum is vital to ensure nodulation of Caucasian 

clover. In the past nodulation of Caucasian clover has been poor but current research has 

identified bacterial strains This problem has been reported elsewhere and one that is currently 

being addressed (Lucas per comms). 

6.2 Previous recorded results and further discussion 

Results from the grazing trial were first collected in November 1993 to April ]994, 

measurements were made by botanical analysis conducted the same way as the present 

experiment. 

Results showed that Monaro Caucasian was the superior rhizomatous spec]es. Alpine 

Caucasian and the zigzag clover had a 10% lower coverage across grazing treatments 

compared to Monaro. There was very little difference between cover of the Alpine Caucasian 

and the zigzag clover (5 to 7%). This goes against the current data which shows that intensive 

grazing has removed most growing points of zigzag clover. The cover of Monaro was highest 

in hard rotational grazed treatments and lowest in the set stocked hard treatment a pattern 

found in the present trial. Grass cover in the hard set stocked treatments was about 50%, 

however unlike in the present trial weed invasion of bare-ground area was low due to the 

competition by Monaro Caucasian. The cover of rhizomatous clovers declined from 

November to April suggesting a temperature response (Moorhead per comms). 
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White clover cover was highest in set stocked treatments from January to April, a trend 

observed in the present study. 

The spread of Monaro Caucasian has been very slow, approximately 15cm per annum (cover 

11-26.5%; Table 4.1.2b) on either side of the sown row since planting in 1989, as compared 

to that measured by Allan and Keoghan (1994) who reported an average spread of 58.2cm 

across all rows, nine years after transplanting, This suggests that a combination of grazing, 

density grass roots and soil type are reducing the underground biomass of Caucasian clover. 

White clover survives grazing by producing stolons that grow along the soil surface and 

weave their way around grass pseudostems. However Monaro Caucasian has to grow 

underground by penetrating the soil and the high endophyte ryegrass roots, thus reducing the 

potential to increase its spread which may be a problem in intensive grazing systems. 

Does Caucasian clover fit into common grazing management practices in 

New Zealand? 

The main advantage of Caucasian clover is that the growing points are protected under-

ground, its shows good drought tolerance and ability to withstand hard grazing by stock, 

rabbits and insect damage (Allan and Keoghan, 1994; Daly and Mason, 1985; Woodman, et 

al 1992). This mechanism of resistance may allow Caucasian clover to fit within common 

grazing practice. 

Common farm grazing practice is to set stock in spring to reduce ryegrass reproductive 

growth and increase cover density, followed by lax infrequent grazing in summer to 

encourage white clover then a return to frequent close defoliation for a short period in mid to 

late autumn to reduce clover growth and promote winter rye grass dominance (Brock et ai, 

1989). The present trial has shown that rotational grazing in winter was required to build up 
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Caucasian root biomass. Over the winter period it becomes dormant, then starts to regrow in 

spring when soil and air temperatures rise. Frequent grazing in spring of Caucasian clover 

may be required to reduce competition from grass and to increase the number of growing 

points. Thus the potential for Caucasian to fit into common farm management practices is 

good. 

Where to with rhizomatous clovers from here? 

Zigzag clover has shown promise in the South Island hill country of New Zealand (Mason, 

1987) but the present grazing trail suggests it has little potential in moist lowland pastoral 

systems, due to the growing points being above ground. 

Research in America by Peterson et al (1994) has highlighted the potential of Caucasian 

clover mono-cultures under different eutting and grazing practices, but this has not extended 

our knowledge on the potential of Caucasian clover in competition with competitive grasses. 

Work by Allan and Keoghan (1994), in the South Island hill country has shown that 

Caucasian clover can persist and spread in the hill country under extreme grazing pressure. 

When the present trial was initially set up the aim was to assess the potential of Caucasian 

clover in moist hill country environments. The aim of the present trial changed with the aim 

to access the autumn performance of rhizomatous clovers in moist lowland environments 

under different grazing practices. The results suggest that the hexaploid Caucasian may have 

a place in such environments, if managed correctly. Which conflicts with conclusions by 

Stewart and Daly (1980) , who reported that" it is doubtful whether T.ambiguum would ever 

be of much use in the lowlands". 

Further research on Caucasian clover is required, to access its potential in the summer dry 

east coast and North Island hill and high country. Large areas of the east coasts of both main 
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islands are drought prone, due to low rainfall and light soils. Therefore studies need to focus 

on the effects of seasonal temperature changes, irrigation and drought on Caucasian clover· 

production, to access its potential in such environments especially in the presence of grass 

grub (Costelytra zealandica) and Argentine stem weevil (Listronotus bonariensis). 

One of the problems with Caucasian clover is a lack of commercially available seed. Once 

the potential areas for pastoral production from mixed grass/Caucasian clover pastures 

becomes established in New Zealand and overseas, then the economic viability of sowing the 

crop increases, which results in more commercially available seed. 
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Chapter 6 

Conclusions 

1. The hexaploid Caucasian clover cv. Monaro was the best performed of the clover species 

in all grazing treatments, except white clover in hard set stocked treatments. 

2. The hexaploid Monaro has shown slow rates of spread above and below ground since the 

trial started due to soil type, competition with high endophyte ryegrass and grazing 

treatments. 

3. Alpine Caucasian clover (2n) in the past been shown to be more persistent than Monaro 

during drought, and in the present trial showed less sensitivity to grazing than the 

hexaploid Monaro. 

4. Hard rotational grazing increased growing points and underground biomass of Monaro 

Caucasian compared to other grazing treatments, suggesting that long periods between 

grazing in autumn are required to build up underground biomass. 

5. White clover was superior to Monaro Caucasian in hard set stock treatments, suggesting 

that rotational grazing shades stolons, and in effect reduces initiation and stolon 

development. 

6. Zigzag did not perform well in a lowland moist environment under different grazing 

treatments. 

7. Hard set stocking, reduced the number and growth of ryegrass tillers. It also reduced grass 

cover allowing an invasion of weeds into the exposed areas. Hard set stocking reduced the 

Caucasian clover cover. 



Future Work 

1. Identify the niche for Caucasian clover in production systems. 

2. Continuation of the trial for at least two years so seasonal trends of the rhizomatous I 

rye grass pasture can be observed. 

3. Identify how Caucasian clover performs with other grasses, particularly Cocksfoot and 

Tall fescue. 

4. Confirmation that the volunteer white clover is of a Huia type. 

S. To measure and count the stolen number in different grazing treatments in grazing 

treatments. 
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6. Detailed soil tests are required to find differences in soil fertility between plots, so that 

variations can be flattened out by differential application of fertilisers between and within 

treatments. 

7. To measure the production of Caucasian clover under irrigated conditions against non-

irrigated. 

8. A detailed study is required on Monaro, showing the effect of declining temperatures in a 

controlled environment on plant morphology characteristics. 

9. Lamb growth rates on monocultures andlor grass mixtures of Caucasian clover in the New 

Zealand environment. 
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Appendix .1. 

Description of the morphological characteristics of the clovers examined 

within the study used to identify the clover. 

Caucasian clover (Trifolium ambiguum) 

Leaflets are oval, hairless, usually less than 1.5 times as long as broad. Leaflet margins 

distinctly serrated in lower half only. Stipule extended in a long, tapering point. Free part of 

stipule at least half the length of leaflets, often longer. Stems do not root at the nodes and 

roots have rhizomes. Flowers are white, distinctly stalked, and measuring at least 1 cm in 

diameter. Calyces in mature fruiting heads are neither hairy nor swollen. 

Cultivars: 

Alpine: The cultivar is a diploid. The leaflets of 65% of plants have a pale green crescent, 

which has an apex in the centre of the leaflet and arms extending to the margins at points 

approximately one-third of the distance from the base of the leaflet. The Alpine cultivar is 

capable of producing more daughter plants from rhizomes than other diploid lines (Oram, 

1990). 

Monaro: Monaro has a more erect growth habit than the diploid Alpine. The leaflets are 

petiolate, ovate, strongly veined with numerous fine marginal teeth which are larger at the 

base of the leaflet. All plants have a centrally located pale-green V-shaped leaf mark. Petioles 

are green and smooth, sometimes slightly red. Stipules are semi-transparent, green to red and 

veined (Oram, 1990). 

Zigzag clover (Trifolium medium)Leaflets hairy on margins and lower surface. Free part of 

stipule long, narrow and hairy. Stems have a zigzag appearance. Leaflets are usually oval to 
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obovate to diamond shaped and are densely hairy (Leaflets are usually wider than Smm). 

Stems do not root at the nodes. Flower heads are stalked. There are no cultivars available of 

this species. The germplasms looked at were Kentucky and Porters Pass. Kentucky has larger 

leaves, lighter green in colour and more hairy than the Porters Pass leaves. Porters Pass leaves 

were less than 15mm wide and were dark green in appearance. 

White Clover (Trifolium repens) 

A perennial herb of postrate habit with hairless stems radiating from a central crown and 

rooting at the nodes. Leaflets elliptical to broadly ovate or obovate to almost heart-shaped, 

margin denticulate; veins widely spaced and not much branched, glabrous; leaflet markings 

usually a white or light green crescent of inverted V on upper surface. Stipules membranous 

and transparent, completely clasping at base of petiole, glabrous, free portion triangular, 

pointed, not toothed. There are no practical differences in morphological characters between 

varieties of white clover other than differences in size of the plants and their individual parts 

(Gram, 1990). 
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APPENDIX III 

ExPerimental Design For The Grazing Trial 
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Note: 
* Double lines are fenced areas. 
* Within dashed lines area are reps 
* Each species listed are a subplot 
* Thick line shows gate way end. 

Key: 
* Main plots = Grazing Treatments 

* Plots 1 and 4 
SSH = Set Stocked Hard 

* Plots 3 and 8 
SSL = Set Stocked Lax 

* Plots 4 and 5 
RGH = Rotational Grazed Hard 

* Plots 2 and 6 
RGL = Rotational Grazed Lax 
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of sub-plots. 
sown in four rows. 

# Subplot Species 
# Porters Pass 
# K = Kentucky 
# A = Alpine 
# M = Monaro 
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Appendix HI 
Visual score of rhizomatous clover and white clover cover on the 15th of February 1995 

before the trial commenced. The assessment was after a dry summer and after grazing had 

ceased in December 1994. 

Treatment Clover Type Visual Score 
Set Stocked Hard Alpine 1.5 

Monaro 2.3 
Kentucky 0.5 

Porters Pass 0.5 
White Clover 1.5 

Set Stocked Lax Alpine 1.5 
Monaro 2.0 

Kentucky 0.5 
Porters Pass 1.0 

White Clover 2.0 
Rotational Grazed Alpine 1.0 

Hard Monaro 2.5 
Kentucky 0.5 

Porters Pass 0.5 
White Clover 1.5 

Rotational Grazed Lax Alpine 2.0 
Monaro 3.0 

Kentucky 1.0 
Porters Pass 1.0 

White Clover 2.5 

Key to visual scoring; 0= 0-1% cover of clover 

1 = 1 - 5% cover of clover 

2= 5-10% cover of clover 

3= 10-20% cover of clover 

4= 20-50% cover of clover 

5 = 50-100% cover of clover 

Clovers within set stocked pastures in both hard and lax treatments scored poorly with cover 

between 0 to 10%. In rotational grazed pastures percentage cover of Monaro and white clover 

was particularly good 10 to 30%. The other three clovers assessed scored poorly. 
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Appendix IV 

Supplementary Trial Experimental Plots 

+<I------19m 
Gate 

.. 10m 

4.5m Porters Pass QJ +-+ Zigzag 

0 Alpine 
Caucasian 

KENTUCKY 

0 Zigzag 

Monaro 

~ Caucasian 

~ 
KENTUCKY 
Zigzag 

Porters Pass 

~ Zigzag 

Monaro 

[2J Caucasian 

Alpine 
Zigzag 

~ 

6t 

K<?y: Dark line indicates fence line 

* Distance between seed plots is 1.5m 
* From the boundary fence to three metres 
in is sown ryegrass. 
* Each plot had 95 seedlings originally 
sown into them. Seedlings were sown in 
five rows one metre apart. 




