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Plate 4.3 Zig zag clover seed line Kentucky on 7 April 1994. 

Plate 4.4 Zig zag clover seed line Porters Pass on 7 April 1994 
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4.2.3 Experimental design 

The experimental design for the grazing treatments was a randomised block design with two 

replicates, two factors each at two levels to give four treatments. The two grazing 

frequency levels were, achieved through set stocking and rotationally grazing. The two 

levels of g~·azing intensity were hard and lax. The aim was to maintain the hard set stock 

pasture mass at between 700 and 800 kg/ha and the lax set stocking at around 1800 kg/ha. 

The pre-grazing herbage masses for the lax rotationally grazed pastures was aimed to be 

between 3000-3500 kg/ha with post-grazing mass residuals of 1800-2000 kg/ha. The 

grazing management of the hard rotationally grazed pastures aimed to have pre-grazing 

herbage masses of 1800-2000 kg/ha and 700-800 kg/ha residuals. 

To achieve this experimental design and to have the most suitable gate placement for ease 

of stock movement, treatments were fenced east to west across the original three reps of the 

seed production expetiment. This created 8 mainplots each 10m x 45m that had 3 subplots 

of each of the cultivar/seedlines within each mainplot (Plate 4.5, 4.6, Appendix 4). The 

subplot level was a strip plot design rather than a split plot design because the sub plots 

were not independently randomised within each main plot. 

Analysis of variance was detetmined using Genstat 5.2 statistical package. The analysis 

provided tables of means for effects of grazing and species cultivar/seedline treatments and 

treatment x species interactions. It identified significant results and produced a standard 

enor of the difference for treatment, species and interaction results. The analysis of Valiance 

also provided contrasts between species, and between hard versus lax and rotational grazing 

versus set stocking (Appendix 5). 



Plate 4.5 Over-veiw of the experimental design taken on the 21 November 1993 just after 
the sheep were added to graze the rotationally grazed treatments. 
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Plate 4.6 The experimental site after the grazing of the rotationally grazed treatments. The 
sheep grazing set stock treatments can still be seen. 



64 

4.2.4 Grazing protocol 
Grazing of the rotational grazed treatments occurred approximately every 28 days, and 

lasted for up to four days. The set stocked treatment employed a grazing timetable of five 

days on and three days off for the hard set stock and three days on and five days off for the 

lax set stock. In each rep 3 or 4 sheep would spend five days on the set stock hard 

treatment and in tum three days on the set stock lax treatment. 

4.2.5 Pasture masses and grazing measurements 

Pre-grazing measurements consisted of pasture heights using a sward stick, where the 

reading was taken when 5 leaves touched the perspex plate. Two pre-grazing pasture mass 

cuts of 0.2 m2 were taken from mean pasture height positions per main plot using hand 

clippers. Two cuts of 0.2 m2 and pasture heights where canied out on the residuals of the 

rotationally grazed plots. Because the set stocked treatments were maintained at a set 

pasture mass (Plates 4.7,4.8), post grazing cuts were not applicable but current pasture 

mass was measured when pre-grazing cuts were taken from the rotationally grazed plots. 

The pre and post grazing measurements from the rotational grazed treatments provided a 

measurement of utilisation of pasture on offer for each of rotational graze treatments. The 

ultilisation of pasture on offer was calculated by the following calculation; 

Postgrazing OM 1 Pregrazing OM x 100/1= % utilisation. 

4.2.6 Botanical composition 

Point analysis was used to measure the botanical composition of the pastures to the grazing 

treatments. A board 80 cm long with 20 nails in it was placed at 90° across each sown row 

of rhizomatous clovers, along a transect line up the middle of each mainplot. Each nail was 

viewed from directly above and the pasture component below the nail point was recorded. 

Point analysis was can·ied out 14 days after rotational grazing on both of the rotationally 

grazed treatments. The set stocked treatments were also measured at the same time as the 

rotationally grazed treatments, with 80 points recorded for each of the four row subplots . 

This gave a total of 240 points per cultivarlseedline in each main plot and a total of 960 

point'> in each treatment mainplot. 



65 

4.3 Results 

4.3.1 Pasture management and sward development 

The number of grazing days per plot were similar between reps for each treatment over five 

grazings (Table 4.4). The set stock lax and rotational graze lax treatments had a similar 

number of grazing days, while the greater difference between the set stock hard and 

rotational graze hard grazing treatments was more due to the fact, that the rotational grazed 

hard treatment was grazed with mobs of 30 to 40 hoggets at a time. When trying to 

maintain a very low residual on the rotational graze hard treatment it was sometimes 

necessary to keep the hoggets on the treatment an extra day to achieve the desired post-

grazing mass but in fact very little dry matter would be grazed during that time, however 

this did increase the grazing days substantially. 

Table 4.4 Total grazing days for each of the grazing treatments recorded from the start of 
the grazing treatments on 11 October 1993 to 22 April 1994. 

Rep 1 
Rep2 
Mean 

Set stock hard 
478 
452 
465 

Grazing days per treatment (11/10/93 - 22/04/94) 
Set stock lax 

325 
330 

327.5 

Rotational graze hard 
723 
692 

707.5 

Rotational graze lax 
377 
349 
363 

Although there was a similar pattern of utilisation of the pasture in the lax rotationly grazed 

treatment the actual utilisation varied between replicates. The lowest pasture utilisation 

OCCUlTed in January when the pasture dry matter and the reproductive stem was at a high. 

The utilisation between replicates in the hard rotational graze treatment was very similar, 

remaining between 76 and 91 % utilisation between November and ApriL 



Table 4.5 Rotational grazing treatments pasture utilisation from 25/11/93 to 7/4/94 

Grazing 

Treatment 

mean 

rep! 

84 

Rotational 49 

graze lax mean 

Grazing Utilisation (%) 

66 

The pastures took time to develop into the type of swards that were desired to achieve the 

aim of testing the clovers under extreme grazing managements. Table 4.6 shows that the 

pregraze herbage dry matters peaked in late FebrualY and April for the rotational graze hard 

and lax treatments at 1945 and 2088 kglDMlha and 3428 and 2948 kglDMlha respectively. 

The highest dry matters for the set stock hard and the set stock lax occurred in J anumy and 

February at 813 and 745 kg/DMlha and 1973 and 2080 kg/DMlha respectively (Table 4.6). 

Table 4.6 Pre- and post- grazing dry matter (kglDMlha) for each of the grazing 
treatments from 25/11/93 to 12/4/94. 

Timing of Date Days Pasture dry matters for each grazing treatment 
pasture of between Set stock Set stock Rotational graze Rotational graze 

cuts cut grazing hard lax hard lax 

.... -: .-
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Pre grazing pasture heights in the lax treattnents peaked in late December as reprOductive 

elongation was at its highest (Figure 4.3.1), while in the hard grazed treattnents all 

reproductive growth was removed. This meant that the pregrazing pasture height in the 

hard rotational grazed treatment showed little variation, ranging betweell 22 cm in 

November and 17 cm in February. The removal of the reproductive stems in the hard grazed 

treatments meant- that the development of a dead component in those swards was greatly 

reduced. 

Figure 4.3.1 Pasture hights for the set stock treattnents and pre and post grazing for the 
rotational graze treatments. 
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Plate 4.7 Shows the compaIison between a lax rotational graze treatment pre-grazing (left) 
and a hard set stock treatment (right) on 25 November 1993. 

Plate 4.8 Shows the comparison between a lax rotational graze treatment post-grazing (left) 
and a hard set stock treatment (right) on 30 November 1993. 



Plate 4.9 Shows the comparison between a lax rotational graze treatment pre-grazing 
(right) and a hard set stock treatment (left) on 7 April 1994. 

Plate 4.10 Shows the comparison between a lax rotational graze treatment post-grazing 
(left) and a hard set stock treatment (right) on 12 April 1994. 
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Plate 4.11 Shows the comparison between a hard rotational graze treatment pre-grazing 
(left) and a lax set stock treatment (right) on 25 November 1993. 

Plate 4.12 Shows the comparison between a hard rotational graze treatment post-grazing 
(left) and lax set stock treatment (right) on 30 November 1993. 
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Plate 4.13 Shows the comparison between a hard rotational graze treatment pre-grazing 
(left) and a lax set stock treatment (right) on 7 April 1994. 

Plate 4.14 Shows the comparison between a hard rotational graze treatment post-grazing 

(left) and a lax set stock treatment (right) on 12 April 1994. 
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4.3.2 Botanical composition 

Grazing treatment had a major effect on the botanical composition of the pasture. There 

were significant differences in the grass content between the grazing treatments in 

November, February, March and Aprill993/94 (Table 4.7, Appendix 6). Grazing frequency 

had a significant effect on grass content in February and March while grazing intensity had I.~~~;~::;~~ 

an significant effect on grass content in November, February and April, however there were ~'i+i'~",~ 

no significant interactions. The species of rhizomatous clover also had a significant effect on 

grass content in December, February, March and April (Table 4.8, Appendix 6). This was 

mainly attributable to the under ground biomass of Monaro Caucasian clover and the 

competitive effect this may have on ryegrass. 

Table 4.7 The effect of grazing treatments on grass cover (%) across the rhizomatous 
clover plots and the P values for main effects, contrasts and interactions. 

Grazing Grass cover (%) 
Treatment November December January February March AQril 
SSH 59 59 65 54 56 55 
SSL 69 59 76 61 61 68 
RGH 66 58 74 65 65 55 
RGL 68 69 76 66 65 71 
Treatment ~ values 0.048" 0.188 0.203 0.026 0.030 0.022 
significant contrast 
SS vs RG p values 0.091 0.296 0.257 0.012 0.013 0.371 
Hard vs Lax 0.034 0.126 0.105 0.047 0.088 0.006 
Interaction 0.058 0.165 0.311 0.138 0.092 0.403 
SED 2.1 4.0 4.4 2.0 2.8 2.0 

• The bolding indicates significance 

Table 4.8 The effect of rhizomatous clovers on the grass cover (%) taken across the 
rhizomatous clover plots and p values for main effects contrasts and interaction. 

Rhizomatous grass cover in rhizomatous clover plots (%) 
clover November December January February March AQril 

Monaro 61 58 69 59 59 58 
Alpine 66 60 73 60 60 63 

Kentucky 66 64 75 66 65 64 
Porters Qass 68 63 75 64 64 65 

Clover line e values 0.116 0.020 0.880 0.059 0.181 0.046 
significant contrasts ~ values 
Caucasian vs zig zag 0.078 0.006 0.065 0.028 0.043 0.018 

SED 2.4 1.4 2.9 2.0 2.4 2.2 

,----, 
I"_,c. ,. 



73 

There was an interaction between grazing frequency and grazing intensity on the white 

clover component of the pasture in February, March and April (Table 4.9). There were 

significant treatment effects in all three of these months with grazing frequency also having 

a significant effect on white clover content in January as well (Table 4.9). The set stock 

hard had consistently the highest proportion of white clover present palticularly between 

December and April at between 19 and 25% white clover compared with set stock lax 

which reduced from 23 and 6% between December and April. The rotational grazed 

treatments varied very little with both the hard and the lax ranging between 16 and 5% from 

November to April (Table 4.9, Appendix 8). 

Table 4.9 The effect of grazing treatment on the mean cover of white clover (%) taken 
across all the rhizomatous clover subplots and p values for main effects, contrasts and 
interactions. 

Grazing . White clover cover (%) 
Treatment November December Januar~ Februar~ March Al2ril 

SSH 13 21 20 25 23 19 
SSL 13 23 15 8 9 6 
RGH 9 15 8 11 6 5 
RGL 10 16 10 10 6 5 

Treatment ~ values 0.189 0.177 0.079 0.002 0.001 0.012 
significant contrasts ~ values 

SS vs RG 0.062 0.055 0.028 0.006 0.001 0.011 
Hard vs Lax 0.655 0.530 0.449 0.001 0.001 0.021 
Interaction 0.525 0.931 0.197 0.002 0.001 0.017 

SED 1.6 2.8 2.9 1.1 0.5 2.0 

There was a rhizomatous clover line effect on white clover content within the rhizomatous 

clover plo,ts from December to February (Table 4.10). There was a significant difference 

between Caucasian clover and zig zag clovers in December. The contrast deviations were 

significantly different from December to FebrualY. The significant deviationsindicates that 

the white clover within one of the Caucasian clover or zig zag clover lines was different 

from the other within that species. Monaro Caucasian clover had a significantly lower 

amount of white clover within its plots in December, JanualY and February (Table 4.10, 

Appendix 8). 

~ 
I 
i 

.','." 

I::~,:,: 



Table 4.10 The effect of rhizomatous clovers on the mean white clover cover (%) taken 
across all the rhizomatous clover subplots plots and p values for main effects, contrasts. 

Clover White clover cover (%) in rhizomatous clover subplots. 
Line November December January February March AQril 

Monaro 8 15 8 9 9 6 
Alpine 13 20 15 15 13 10 

Kentucky 14 21 14 14 11 10 
Porters Pass 11 20 14 15 11 9 

Clover line ~ vailles 0.056 0.003 0.012 0.035 0.370 0.468 
significant contrasts ~ values 

Caucasian vs zig zag 0.118 0.007 0.077 0.138 0.804 0.659 
Deviations 0.051 0.004 0.009 0.027 0.236 0.330 

SED 1.6 1.0 1.6 1.9 2.4 2.0 
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There was a significant difference between rhizomatous clover lines in all six sampling 

pedods. There was also a significant contrast between Caucasian clover and zig zag clover 

in six sampling periods, this being due to Monaro Caucasian clover being present at 

between 3.6 and 2.2 times that of Alpine, Kentucky or Porters Pass clovers (Table 4.11, 

Appendix7). 

Table 4.11 The mean cover (%) of individual cultivars/seedlines of rhizomatous clovers 
over all mainplots between November and Apdl and p values for main effects, contrasts. 

Clover Cover of rhizomatous clovers (%) . 
Line November December January February March AQril 

Monaro 21 18 18 16 15 11 
Alpine 8 8 5 6 5 4 

Kentucky 6 5 4 3 1 1 
Porters Pass 9 8 5 5 4 3 

Clover line ~ values 0.001 0.001 0.002 0.001 0.001 0.001 
Significant contrasts ~ values 

Caucasian vs zig zag 0.001 0.003 0.004 0.001 0.001 0.001 
Deviations 0.001 0.002 0.003 0.061 0.001 0.002 

SED 1.3 1.8 1.7 1.2 0.9 0.9 

There was an interaction between grazing frequency (SS vs RG) and grazing intensity (Hard 

vs Lax) on rhizomatous clover content in November (Table 4.12). There were grazing 

treatment effects in November and March and contrasts between set stocking and rotational 

grazing in November and March (Table 4.12). There was an interaction between frequency 

(SS vs RG) of grazing and intensity (Hardvs Lax) of grazing on Monaro Caucasian clover 

in Aplil. Monaro content was affected by frequency of grazing in November, March, and 



Aplil and was affected by intensity of grazing in March and Aplil all cases lead to a higher 

clover cover in the Monaro plots (Table 4.12, Appendix 7). 
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Table 4.12 The effect of grazing treatment on mean rhizomatous clover cover (%) and the 
effect of grazing treatment on Monaro Caucasian clover over the sampling period 
(November-April) and p values for main effects, contrasts and interaction. ~t~ 

Grazing 
Treatment November 

SSH 8 
SSL 9 
RGH 14 
RGL 13 

Treatment p values 0.001 
significant contrasts p values 

SS vsRG 0.001 
Interaction 0.023 

SED 0.3 

SSH 16 
SSL 16 
RGH 26 
RGL 23 

P values 
Treatment 0.032 
SS vs RG 0.010 

Hard vs Lax 0.251 
Interaction 0.251 

SED 2.0 

Rhizomatous clover cover (%) 
December January February March 

8 6 6 5 
9 6 6 4 
13 10 10 9 
10 9 8 6 

0.104 0.304 0.209 0.043 

0.056 0.104 0.098 0.018 
0.085 0.906 0.437 0.294 

1.4 2.0 1.5 0.9 
Monaro Caucasian clover cover (%) 
14 15 15 13 
19 13 13 11 
21 23 23 21 
18 20 15 14 

0.432 0.337 0.127 0.012 
0.347 0.126 0.077 0.008 
0.972 0.479 0.113 0.013 
0.214 1.000 0.329 0.061 
3.8 4.8 2.8 1.3 

April 
4 
4 
6 
5 

0.117 

0.094 
0.147 

0.8 

13 
11 
15 
9 

0.015 
0.001 
0.006 
0.024 
0.9 

Table 4.13 shows the effect of grazing treatments on Monaro Caucasian clover and white 

clover content of the pastures. The white clover data presented is the mean of three plots 

per treatment (white clover measured within the Alpine, Kentucky, and Porters Pass plots) 

which in combination with the Monaro Caucasian clover plots went towards the analysis of 

Valiance. There was an interaction between grazing frequency (SS vs RG) and grazing 

intensity (Hard vs Lax) on Monaro Caucasian clover and white clover content in February, 

March and Aplil (Table 4.13, Appendix 7). There was a difference between Monaro 

Caucasian clover and white clover in November and December. Both the treatment by 

species contrast and the frequency by Monaro vs white clover contrasts were highly 

significant from November to Aplil with Monaro having a higher clover cover than white 

~1:,+; 

f ~ - - - -

~::~:,:~~ 



clover under rotational grazing. There was also a highly significant interaction by Monaro 

vs white clover effect in FeblUary, March and April. 
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Table 4.13 The effect of grazing treatment on the comparison between Monaro Caucasian 
clover cover (% ) and white clover cover (%)and p values for main effects, contrasts and 
interactions between November 1993 and April 1994. 

Grazing 
Treatment 

Monaro 

SSH 17 
SSL 17 
RGH 27 
RGL 23 

P values 
Frequency 0.646 0.098 0.111 0.010 0.004 0.010 
Intensity 0.904 0.781 0.420 0.001 0.002 0.010 
Interaction 0.719 0.826 0.226 0.001 0.005 0.016 
SED 2.0 2.3 2.9 0.5 0.8 1.41 
Monaro vs w/c 0.001 0.049 0.111 0.405 0.210 0.254 
SED 1.0 1.3 2.1 1.9 2.6 2.3 
Treatment. spp. 0.001 0.042 0.001 0.001 0.001 0.001 
Frequency. 0.001 0.001 0.001 0.001 0.001 0.001 
Monaro vs w/c 
Interaction. 0.130 0.057 0.139 0.001 0.001 0.001 
Monaro vs w/c 
SED 2.9 3.5 4.1 3.0 3.5 3.2 

Table 4.14 indicates the mean composition of the pastures created in the four grazing 

treatmets within the Monaro plots and shows the legume content of both Monaro Caucasian 

clover and white clover over the six sampling periods. The mean legume content of the 
I , 

treatments was very similar across all four grazing treatments with rotational graze hard and 

rotational graze lax being the highest and lowest with 28% and 22% respectively with set 

stock hard and set stock lax treatments having a mean legume content of 30% and 25% . 

respectively (Appendix 9 and 10). 

Table 4.14 Mean pasture composition of each of the grazing treatments over the six 
sampling peliods between November and April within the Monaro Caucasian clover plots. 

Pasture Grazing Treatment 
Composition Set Stock Hard Set Stock Lax Rotational Grazing Rotational Grazing 

Hard Lax 
Grass 53% 62% 59% 68% 

Monaro 14% 14% 21% 17% 
White clover 16% 11% 7% 5% 

Other 17% 13% 13% 10% 
.Mean Legume 30% 25% 28% 22% 

iLiS 
I~~·:,co::,.,. 

t'r-;±'t 
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The "other" component of the pastures was made up of bare ground, dead material, weed 

and red clover. Bareground made up over 80% of the "other" component of the pasture in 

the set stock hard and rotational graze hard but only 38% and 29% in the set stock lax and 

the rotational graze lax grazed treatments respectively (Figure 4.3.2). In the lax treatments 

around 50% of the "other" component of the sward was made up of dead material. Weed 

was highest in the set stock treatments at 20 and 12% for the hard and lax set stock 

treatments respectively and lowest for the rotational graze hard and rotational graze lax 

treatments with 6 and 7% respectively. Red clover was only present in the rotational graze 

hard and rotational graze lax treatments in very low amounts making up 6 and 14% the 

"other" components respectively. 

Figure 4.3.2 The relative cover composition of the "Other" proportion of the sward. 
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4.4 DISCUSSION 

This chapter describes the first year of results from a long telm grazing trial. The treatments 

imposed resulted in rapid changes in sward structure and composition ~ 

4.4.1 Pasture characteristics of grazing treatments 

The set stock hard grazing treatment had the lowest proportion of ryegrass. This was most 

apparent in November, February, March and April. The morphology of the ryegrass under 

the set stock hard grazing treatment was the most different (Table 4.7). The grazing 

protocol required the set stock hard treatment to be maintained at as close to 5 cm as 

possible. This produced densely tillered ryegrass plants that stayed in clear drill rows, 

maintaining leaf area through having a high tiller density but allowing a lot of space for 

secondary pasture species such as the clover and flat weeds. The set stock lax treatment 

was also densely tillered although more bulky than the set stock hard treatment. The 

rotational graze hard treatment was the easiest to maintain as the growth on offer to the 

sheep pregrazing was always of a high quality with insignificant amounts of dead material 

present. Grazing in this treatment was just as severe as the set stock hard treatment, 

however because the 28 day rotation allowed the pasture to build up to an average 1700-

1800 kg/DMllha the sheep took up to four days to graze the pasture down to -5 cm. The 

tyegrass in this treatment was velY much more uptight, with fewer tillers, creating a lot of 

open space post grazing between drill rows which were clearly visible. The rotational graze 

lax treatment had a lot of drymatter present pregrazing through the season (Table 4.6) this 

meant the tyegrass plants present were tall and the rye grass cover was the highest of the 

grazing treatments throughout the season. 

The tyegrass was at its lowest propOltion in the sward in the Monaro Caucasian clover 

plots through out the season. This was most noticable in December and April, however as a 

species Caucasian clover had a lower proportion of grass in its plots in December, February, 

March and April compared with the zig zag clover (Table 4.8). The underground mass of 

Monaro Caucasian clover was such that the dtill rows of Monaro were visibly raised, this 

under ground mass looked to have prevented the direct dtilled rye grass establishing in a 

number of patches in each plot, this would not have been helped by a high grass grub 



population present not long after the establishment of the lyegrass. While this is an 

experiment where Caucasian clover is grown in a lowland medium fertility site with a 

strongly competitive grass the establishment of both clovers and lye grass was not done 

conventionally. The clovers being established in wide rows and the lye grass being direct 
, 

drilled into them 2 years latter. 

4.4.2 Performance of rhizomatous clovers 
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Both the zig zag clovers had very poor persistence under all of the grazing treatments 

including the rotational graze lax treatment which would tend to suit a plant with hay type 

morphological characteristics (Grime et.al. 1990). The diploid Caucasian clover cultivar 

Alpine appeared to be just as weak in presence as the zig zag clovers from the point analysis 

results, however it was a lot more persistent under all the grazing treatments. Alpine did 

have a lot more plants visible than the zig zag clovers, however they were of small diameter 

and not present in great numbers along the transect lines. 

The hexaploid Caucasian clover, Monaro was the most successful rhizomatous clover under 

grazing in this trial. This is a similar result to that described by Allan and Keoghan (1994) 

who found Monaro Caucasian clover to be persistent over a range of grazing treatments in 

low fertility rangeland. This is the first time however the rhizomatous clovers have been 

tested under a range of grazing managements with a highly competitive high endophyte 

lyegrass. Table 4.12 showed Monaro Caucasian clover was not only far superior to the 

other three rhizomatous clovers lines but it was also able to maintain a high clover content 

across all four grazing treatments in the pasture of 15% or greater in five out of the six 

months. The lower April sampling would represent Caucasian clovers growth tailing off as 

temperatures and photopetiod were reducing in mid autumnthis is as expected for a winter 

dormant species such as Caucasian clover. 

4.4.3 Pasture composition of white clover 

The interaction between grazing intensity (Hard vs Lax) and grazing frequency (SS vs RG) 

in February, March and April on white clover content in the pasture was the result of the set 

stock lax white clover content declining to that of the white clover content of rotational 

grazed pastures of between 11 and 5% while the set stock hard still maintained at a very 
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high level of white clover at between 25 and 19% (Table 4.9). White clover was lowest in 

November in the set stock hard after which it stayed between 19 and 25% within the set 

stock hard treatment. The slow start could be attributed to the time. required to adjust to the 

grazing treatments by possibly increasing stolon density and developing a low small leaved 

morphology which will sustain leaf area under hard set stocking. In the set stock lax 

treatment the drop off in white clover content within the treatment coincided with the set 

stock lax dry matter reaching its highest level of between 1,973 and 2,080 kg/DM/ha in 

January and February respectively. White clover in both the rotational graze treatments was 

low, reaching maximum values in both lax and hard treatments in December of 16 and 15% 

respectively. 

There was a depression of white clover in the Monaro Caucasian clover plots compared 

with the Alpine, Kentuck and Porters Pass plots (Table 4.l0). This was starting to be seen 

in November and was obvious in December, January and February while there were no 

differences in the white clover cover percentage values in the other three rhizomatous 

clovers. This lower content of white clover within the Monaro Caucasian clover plots may 

have been caused by the low persistence of white clover in the two rotational grazed 

treatments compared with Monaro. Monaro could have had an competitive effect on white 

clover, although white clover was very competitive with Monaro Caucasian clover in the 

set stock hard and set stock lax grazing treatments. 

Due to the white clover content in the Alpine, Kentucky and Porters Pass plots not being 

different and the low presence of the rhizomatous clovers within these plots the white 

clover in these plots was used as white clover plots to analyse the compaIison between 

Monaro Caucasian clover and white clover under the four grazing treatments. 

4.4.4 Comparison of white clover and Monaro Caucasian clover 

The interaction between grazing frequency and gazing intensity was the result of white 

clover being more dominant in the set stock hard treatments in Februaty, March and April 

compared with Monaro Caucasian clover while in the set stock lax and rotational graze 

hard, Monaro was significantly higher than white clover (Table 4.13). The naturalised white 

clover present at this site was best suited to set stock hard grazing treatment, and could not 
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cope with the competition for light and nutrients imposed by the rotational graze lax 

treatment while the grazing on the rotational graze hard treatment also reduced cover 

greatly as there was little protection from grazing low into the pasture by the rye grass 

psuedostem and stolon removal must have taken place with the hard grazings this treatment 

received. The set stock lax treatment was the treatment that most closely resembled a 

possible grazing practice a farmer may employ, under this grazing regime the propOltion of 

white clover and Monaro Caucasian clover present in the pasture was very similar for both 

species. 

When looking at the total botanical composition of these pastures and the total mean 

legume content throughout the sampling season (Table 4.14) it can be seen that it takes a 

combination of white clover and Monaro Caucasian clover to provide a legume content 

close to the 30 %. This is a figure that is desired for a high petiOlming ryegrass clover 

pasture in telms of both nitrogen fixation and animal pelformance. The major benefit of 

having Monaro Caucasian clover within these pastures is that while mismanagement, 

environmental condition or high grass gmb popUlations make white clover unreliable the 

Monaro Caucasian clover will be present to take advantage of better growth conditions that 

may be found during and follow these adversities. This is most clearly seen in Table 4.14 

where white clover persistence and production was reduced by the two rotational grazing 

treatments employed and that Monaro Caucasian clover was able to persist and conttibute 

substainially to the pasture production and maintenance of forage quality in both these 

treatments. 

4.4.5 Experimental limitations 

This expeliment had several limitations which could not be avoided either through the space 

available or the time required to cany out the extra measurements needed to provide more 

in depth infonnation. The main limiting factors in this expeliment was the area available to 

mn the ttial, as mentioned in the materials and methods. The resultant shape of the plot., 

meant there was a velY large perimeter around each treatment, as they were shaped as long 

thin rectangular mainplots of 50 x 10 m. There was a 1.5 m fence line effect of stock 

camping, nutrient transfer, over grazing or grazing through the fence and tracking up and 

down the fence lines which meant that this area was unavailable for measurement, this left 
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each mainplot with only 66% of the 50 x 10 m main plot area available for measurement. 

This put limitations on the ability to destructively harvest the rhizomatous clovers especially 

when the experiment is looking to be run for more than this first year. 

Compaction is another variable that would have been desirable to measure as this seemed to 

be a problem that may have affected the rotational graze hard and possibly the set stock 

hard grazing treatments. Grazing of large numbers of sheep on the rotational graze hard 

treatments for three to four days occasionally occurred when the soil was wet. The end 

result in terms of compaction could have contributed to the poor persistence of white 

clover, reduced dry matter production of the sward as a whole and prevented the further 

spread of white clover and therefore increased content of Monaro Caucasian clover within 

its plots in this grazing treatment. 

Nutrient transfer is also a factor that was hard to control within the experiment, fasting of 

the larger mobs of sheep before grazing the rotational graze hard treatments was not always 

ideally achieved, while the sheep were given adequate time to clean out before taking them 

off the treatment while forcing them to graze the rotational graze hard treatment to 5 cm. In 

contrast the sheep in the rotational graze lax treatment were leaving the treatment full which 

would have lead to substantial transfer of nutrients off the rotational graze lax treatment 

area. 

Measurement of pasture production using cages within the two set stocked treatments 

would have been desirable, however in such a small effective area, the cages would caused 

camping, nutrient transfer and preferential grazing to occur, the effects of which may 

continue in that site even if the cage were continually moved. 
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4.5 CONCLUSIONS 

After one season of grazing treatments conclusions include:-

1. Of the rhizomatous clovers present only Monaro Caucasian clover was 

agronomically suitable as a companion for high endophyte rye grass under a range of 

grazing managements. While Alpine Caucasian clover persisted over time it did not 

contribute significant amounts to pastures production. The zig zag clovers ,Kentucky 

and Porters Pass showed a classic hay type legumes species inability to persist and 

1Y0ntribute to dry matter production under grazing in the presence of strong grass 

competition and continuous or relatively frequent grazing. 

2. Monaro Caucasian clover was present in moderate amounts in all four grazing 

treatments. In the rotational graze hard treatment where Monaro was most vigorous!, . 

below ground growing points would have protected it from over grazing which may 

have limited white clover in this treatment. Monaro Caucasian clover also persisted 

and contributed to pasture production in the rotational graze lax treatment where 

petiole extension enabled it to get leaves into the canopy of the pasture, and large 

underground reserves which Monaro Caucasian clover has will also have helped it to 

persist under this grazing treatment. Monaro Caucasian clover also persisted under 

very strong competition from white clover in the set stock hard grazing treatment. 

3. White clover had variable persistence under the more adverse grazing treatments 

where either competition for light, water and nutrients in the rotational grazing 

treatments and possible stolon removal from the rotational graze hard treatment 

meant white clover contributed very little to the pastures created by these 

treatments. However white clover was very much suited to the open short sward 

created by the set stock hard treatment and to a lesser extent the set stock lax 

treatment. 
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4. To obtain maximum clover content over a range of grazing managements 

throughout the growing season a combination of white clover and Monaro 

Caucasian clover provided a pasture with a legume content of nearly 30% in both 

the set stock hard and the rotational graze hard treatments. This combination of 

clovers will mean that a high quality component of a pasture is present even if the 

grazing management is not ideal for maintenance of pasture quality in the face 01' 

drought or grass grub which may limit the amount of white clover present in the 

pasture. The benefits to the pasture through continued nitrogen fixation and to 

animal production by maintaining the high quality component of the pasture means 

that maximum profit may be gained from a pasture containing these two legumes 

over a range of grazing managements throughout the growing season. 
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CHAPTER FIVE 

GENERAL DISCUSSION 

The literature review in Chapter Two, showed that a lack of information in at least two 

major areas was inhibiting the development of a management plan for the use of Caucasian 

clover over a range of farming systems and environments. Chapters Three and Four 

described experiments that provided new information on the establiahment and grazing 

management of Caucasian clover, more general aspects of these findings are discussed 

further in this chapter. 

5.1 ESTABLISHMENT TECHNIQUE 

RepOlts of slow establishment have been stated as one of the major limiting factors to the 

wider use of Caucasian clover in New Zealand (Lucas et al.1980, Scott 1985). Chapter 

Two indicated that there was little previous work on the effect different forms of 

establishment, may have on the establishment of Caucasian clover. The experiment reported 

in chapter three, was established to measure the effects of three establishment techniques 

and two fertiliser rates on establishment characteIistics of Caucasian clover. 

The germination and subsequent early development of Caucasian clover seedlings differed 

greatly between establishment techniques. The strip seeding treatment was the best fOlm of 

establishment closely followed by the sad seeder, while the broadcast treatment showed 

comparatively poor results. Feltiliser treatments were impoltant in the first sampling in 

March where the high feltiliser treatment increased root dry matter particularly in the strip 

and sod seeding treatments. 
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Nodulation appeared to have a large influence on the broadcast treatment plant 

establishment with many seeds germinating but not forming effective nodules (Plate 3.1). 

The COlTect inoculation with satisfactory numbers of live effective rhizobia present at 

germination would have to be questioned in the case of the broadcast treatment. This 

however would not appear to be the case as the strip and sod sown treatments (Table 3.3) 

had no yellow or unnodulated plants. The major difference between strip and sod seeding 

treatments and the broadcast treatments was that seeds were put in immediate contact with 

the soil in both the strip and sod seeding and protected by means of a microclimate from 

desiccation. Inoculation of the seed in this trial would therefore seem to be satisfactory for 

establishing Caucasian clover by sowing into the soil, however the presence of the yellow 

plants in the broadcast treatment would indicate that plants were being lost from the 

population due to ineffective nodulation for whatever reason. This would indicate that 

inoculation and subsequent effective nodulation of plants from broadcasting was still the 

major issue for this establishment technique. 

The strip seed treatment had the highest underground dry matter at the March sampling as 

well as the earliest rhizome development. The sod seed treatment had less below ground 

dry matter production than the strip seed treatment, however it did have some rhizome 

development. The broadcast treatment had the lowest underground dry matter and no 

rhizome development even by the July sampling. 

It would seem that Caucasian clover has a critical level for root dry matter, that the 

individual plant had to reach before partitioning would change in favour of rhizome 

development. There also appears to be a limit to which the rhizome mass has to get to 

before partitioning balances out to include substantial herbage production from daughter 

plants. Once the plant has stabilised partitioning appears to be split evenly between rhizome 

expansion and shoot production while root production becomes a much smaller sink than in 

the younger establishing plant. Nutrient storage in the root and rhizome and possible re­

translocation of mobile nutrients into the root/rhizome pool over winter may be reasons for 

continued persistence and good spring and summer growth of Caucasian clover. 
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These results show that Caucasian clover can be well established within a year using direct 

drilling techniques when the resident vegetation is unproductive and fertiliser is placed in 

close proximity to the seed. 

5.2 GRAZING RHIZOMATOUS CLOVERS 

There has been no reports on the effects of different grazing treatments on Caucasian clover 

in swards containing high endophyte ryegrass and white clover. The trial reported in 

Chapter Four was the first year of a grazing trial that observed how Caucasian clover and 

. zig zag clover responded to four diverse grazing managements. The results provide new 

information on the composition of rye grass/white clover/Caucasian clover swards under 

two grazing frequencies and two grazing intensities. As well as setting the foundation for 

the continuation of the trial into its second and third years, the first years results provided 

differences in pasture composition that were measurable and give some indication as to 

possible future trends. 

Zig zag clovers were not well adapted to any of the grazing treatments including the 

rotational graze lax treatment which was the most likely to encourage a hay type plant like 

zig zag clover. This may have been due to the competition effect that the ryegrass had on 

the rotational graze lax treatment or that the spelling period between grazings of between 

21 and 34 days was not long enough for zig zag clover. This species was never very strong 

even at the time of laying down the trial, zig zag clover did not even measure 10% of the 

sward at the start of the trial and the composition only decreased as the trial progressed. 

This very poor contribution and persistence of zig zag clover meant that the trial focused on 

Caucasian clover palticularly Monaro and white clover, with the white clover in the zig zag 

clover plots being used to compare Caucasian clover to white clover under the four grazing 

treatments. 

Monaro Caucasian clover had a higher clover cover in the rotational graze hard treatment 

than any of the other grazing treatments. This treatment was regularly grazed down to a low 

residual over the whole of the growing season, which had an adverse effect on white clover 
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content possibly due to stolon removal. This grazing treatment however suited Monaro with 

its daughter plants spreading strongly between the upright, open rows of rye grass, created 

by this grazing treatment. 

The rotational graze lax grazing treatment was particularly hard on white clover with a 

continual bulk: of ryegrass out competing white dover for light and forcing it out of the 

sward. The Caucasian clover however maintained its presence within the dense ryegrass 

sward created by this grazing treatment. This was achieved by a combination of the 

excellent ability of Caucasian clover to increase petiole length and leaf area under lax 
B-:> 

grazing and the large amount of under ground reserves Caucasian clover possess in its root 

and rhizome system. 

White clover was pruticularly well adapted to the set stock hard grazing treatment with its 

ability to spread via stolon run and having leaf plasticity to reduce leaf size and maintain leaf 

area under close grazing. Compared to the hard rotational graze treatment the ryegrass in 

the set stock hard treatment was much more clumpy and densely tillered this would have 

provided more protection for the white clover stolons while the continued close grazing 

prevented Caucasian clover from maintainimg leaf area due to it having less points of 

growth than white clover and therefore prevent it from recharging its underground reserves. 

The set stock lax grazing treatment of all the treatments had the most similar amounts of 

Monaro Caucasian clover and white clover with the mean composition over all the sampling 

periods being very similar. Off the four treatments used the set stock lax treatment 

developed a pasture most likely to be seen under nOlmal fmming conditions and the 

combination of both Monaro Caucasian clover and white clover under this management 

shows that both clovers may have a future together within the same patures, although the 

Caucasian clovers establishment may limit this. 
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5.3 GENERAL CONCLUSION 

5.3.1 Establishment 

Establishment technique has a large effect on the speed at which Caucasian clover becomes 

established. Due to the characteristic of directing a high proportion of its dry matter 

partitioning into its under ground root and rhizome system, Caucasian clover will always be 

slower than white clover to establish and to produce large amounts of herbage. 

To achieve quick establishment and early herbage production in Caucasian clover it is 

essential to build the under ground dry matter up as fast as possible. This was best achieved 

by the strip seed technique, which created a worked seed bed, free of competition and the 

fertiliser placed banded below the seed. The sod seed technique had a stronger 

establishment than the broadcast technique. This advantage was achieved by the seed being 

buried in the ground, and the- fertiliser being banded in the rows with the seed compared 

with seed being spread on he surface of the ground with the feltiliser also being randomly 

spread around the seed and sun'ounding vegetation. 

In conclusion, given that other establishment conditions are similar (eg. competition, 

moisture) the ability for the Caucasian clover seedlings to obtain as much of the 

establishment feltiliser as possible, will limit the speed at which the under ground dry matter 

will build up and hence the subsequent increase in herbage production. The main factors 

affecting the amount of the establishment feltiliser that the seedling may obtain are the 

actual amount of feltiliser applied at establishment and the number of other plant species 

directly competing for that feltiliser. 
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5.3.2 Grazing management 

The hexaploid Caucasian clover cultivar Monaro is the most agronomically suitable 

rhizomatous clover tested at this lowland site, both the zig zag clovers and the diploid 

Caucasian clover cultivar Alpine look to be out of there climatic and environmental range at 

~is site and were not coping well with the grazing treatments applied to them. 

Once Caucasian clover is well established ie the taproots are large and the rhizomes are 

producing daughter plants Caucasian clover will stand a number of grazing managements 

that would lead to a reduction of white clover in a pasture. Caucasian clover dose however 

appear to require periods of rotational grazing to allow the taproot crown and daughter 

plants to build up leaf area and allow some continued carbohydrate build in the root and 



91 

5.4 PRACTICAL RECOMMENDATIONS 

5.4.1 Establishment 

1. For the best establishment of Caucasian clover, seed should be sown into a worked 

seed bed with fertiliser ideally placed below the seed at a rate of around 300 kg/ha 

molybdic sulphur super phosphate, a sowing rate of 2 kg/ha will provide enough 

plants per meter squared for early herbage production. 

2. If direct drilling, the placing of high rates of fertiliser (eg. 300 kglha molybdic 

sulphur super phosphate) near the seed is very important to encourage fast 

establishment, a sowing rate of 2 kglha will provide enough plants per meter 

squared for early herbage production. 
j 

3. When broadcasting the seed should be inoculated at a high rate with the correct 

strain of rhizobia, if the seed is left for longer than 6-8 days after inoculatio~eed 

should be re-inoculated prior to sowing. This may be done on farm by purchasing 

rhizobia from the seed supplier mixing into a slurry and spreading over the seed 

prior to sowing. Broadcasting will be more successful when the soil temperature is 

increas,eing such as in the spring and there is rainfall not long after broadcasting. It 

would be recommended that a higher seeding rate is used for broadcasting if early 

herbage production is required from this sowing technique. 

4. If sowing in a general pasture instead of as legume by it~ self, it would be ideal to rig 

a system for sowing Caucasian clover by i~ self in evelY fourth or fifth drill row 

with the general pasture including white clover sown in the remanding rows. This 

would reduce competition as well as reducing the amount of seed required per 

hectare. 



5.4.2 Grazing management 

These grazing management recommendations are completely dependant on the 

establishment of Caucasian clover in a mixed pastoral situation and that the plants are at a 

well established stage with a good tap root and some rhizome development. 
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1. Caucasian clover can withstand adverse grazing managements as long as it is not a 

continual yearly practice. Caucasian clover will cope with hard set stocking in early 

spring over lambing and this should not affect it as long as a rotation is returned to 

by mid spring when Caucasian clover becomes most productive. 

2. Caucasian clover will survive under very lax grazing management and is well suited 

to a hay cropping system where it will persist in a large standing bulk: of grass as 

long as it is cut or hard grazed once or twice each season. 

3. Caucasian clover is suitable for intensive rotationally grazing on a 20 to 30 day 

rotation and may be grazed on a shorter rotation as long as the rotation is 

lengthened at some point during the growing season to allow build up of reserves. 

4. Caucasian clover may be used in lye grass/white clover pastures, however the white 

clover will need to be oversown the following season to allow the Caucasian clover 

to get adequately established with out being further by the more vigorous white 

clover as well as the grass. 
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5.5 LIMITATIONS FOR FUTURE USE OF CAUCASIAN CLOVER 

5.5.1 Seed Availability 

A serious effort is being made by Wrightsons to grow and commercialise their propriety 

cultivar Endura. This has the potential to develop the first reliable supply of commercial 

seed. At present seed yields are so unreliable that retail seed prices are around the $15 mark 

and given the very poor wool and beef markets at present this will limit the amount of seed, 

farmers are willing to use with a lot of sowings being done at very low rates. This in tum 

will reduce the speed at which the Caucasian clover will contribute to pasture production. 

5.5.2 Establishment 

At present the establishment of Caucasian clover is very exacting in its requirements and 

failure to meet these requirements leads to a chance of failure; 

1. Caucasian clover is established with more success in the spring and summer when 

the soil temperatures are increasing rather than the autumn. 

2. It is essential that seed is inoculated with high numbers of effective rhizobia and that 

inoculated seed is stored at cool temperatures and sown within six to ten days of 

inoculation, sooner if possible. 

3. Other vigorous competing legumes such as white clover should be kept to a 

minimum or not be present. 

4. Vigorous competition from grass should be kept to a minimum. 

These requirements will limit successful establishment to farmers that pay close attention to 

detail. 

5.5.3 Seasonal Production 

The strong bias that Caucasian clover has towards late-spring early summer production 

combined with winter dOlmancy will limit Caucasian clovel's uses to zones with moist 

springs and cold winters. 

--- --

~
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In milder winter zones it is likely to be surpressed by more winter active species such as 

white clover. However, there may be potential to breed for more winter active forms as this 

has never been seriously attempted. 

5.6 ADVANTAGES OF USING CAUCASIAN CLOVER 

Caucasian clover has many desirable characteristics that are not present in the forage 

legumes used in farming systems at present. 

Caucasian clover's strongest agronomic attributes are that it is a high qUality forage legume 

that is very persistent with similar productivity to other perenial clovers. There are growing 

numbers of reports of Caucasian clover stands particularly in the high country that are over 

20 years of age with no signs to suggest that they will not persist for another 20 years 

(Yates, 1993, Lucas pers com.). 

Characteristics of Caucasian clover that could provide advantages to the New Zealand 

fanner include; 

1. Persistent under a wide range of grazing managements, providing nitrogen fixation 

over a sustained period of time. 

2. Being resistant to climatic extremes including summer drought and low winter 

tempteratures and heavy frosts. 

3. Once established, being tolerant of high numbers of grass grub and other pests 

such as nematodes. 

4. Being able to persist at low fertility levels once established. 

5. Being able to spread by rhizomes to colonise adjacent areas from an initallow 

plant population. 
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Caucasian clover is highly productive when conditions are favourable, and fixes nitrogen as 

well if not better than white clover in high country environments (Lane, 1985). Caucasian 

slover is of a high nutl~tive value and similar in its nutlitional charactelistics to Ladino 

clover (Allinson et. al. 1985).-

5.7 FUTURE WORK 

Areas for potential future studies concerning Caucasian clover arising from this study 

include; 

1. A study of the partitioning of carbohydrates and dry matter in young Caucasian 

clover plants over the first two years of establishment. The aim would be to identify 

whether there are clitical dry matter levels that the Caucasian clover tap root has to 

achieve before rhizome development starts and herbage production increases, and 

the time frame that this may occur in when different rates of fertiliser and 

competition are used. 

This information would help give an accurate estimation of how fast or slowly 

Caucasian clover could be expected to establish under any given condition. This will 

help give fmmers more accurate infOlmation on the establishment of Caucasian 

clover as a plant. 

2. A study in the translocation of nutrients in Caucasian clover between roots and 

rhizomes. Also to identify the main storage organs in Caucasian clover that are used 

as a sources of carbohydrate for the recovery of leaf area after grazing, and how 

different cutting treatments or grazing practices effect root or rhizome dry matter 

and whether Caucasian clover requires any particular seasonal rest peliod to recover 

root and rhizome mass? 

3. To further study the Rhizobium/Caucasian clover interaction and in co-operation 

with work being done on Rhizobium strain selection and improving inoculation 

techniques identify and select lines of Caucasian clover that are more susceptible to 
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early rhizobia invasion and affective nodule fonnation. It would also be important to 

identify and select for increased nitrogen fixation, be it through selection within the 

rhizobia or the Caucasian clover gene pools. 

4. The identification and selection of lines of Caucasian clover with high seedling 

vigour and establishment characteristics, particularly with the aim to create a 

selection that can be reliably established aRQ caR 9&-F&lfably-esta:blished from early 

Autumn sowing. It would also be important to identify whether or not selecting for 

these characteristics change the plants characteristics ie. reduce rhizome 

development, reduce root dry matter, reduce persistence? 

5. Selection for winter active lines of Caucasian clover and to study the effect that 

selecting for winter activity would have on other plant characteristics like, 

establishment, seed production and persistence. 

6. Although it bears no direct link: to the research in Chapters Three and Four, fmther 

studies into seed production will be required to make Caucasian clover a successful 

commercial species. These studies would revolve around the effects of weed 

controls, plant spacing, water and feltility requirements required for improved seed 

production. It would also be interesting to see whether selecting for seed production 

is related to improved establishment characteristics. 
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Effect of sowing method and fertiliser application on establishment and first 
season growth of Caucasian clover 

A.I.E. MOORHEADI, I.G.H. WHITEI, P. JARVISI, R.I. LUCASI and I.R. SEDCOLE2 
IPlam Science Department. 2Centre for Computing and Biometn·cs. PO Box 84. Lincoln Universiry 

Abstract 

A trial to measure the effects of establishment 
techniques and fertiliser application on seedling 
establishment and early root and rhizome 
development of Caucasian clover (Trifolillm 
ambiguum) was sown in early October 1992, on a 
low-fertility, depleted short tussock grassland site 
at Mesopotamia Station, South Canterbury. Three 
sowing techniques, broadcasting, sod seeding and 
strip seeding, each with two rates of fertiliser, 
ISO or 300 kg/ha molybdic sulphur supeITJhos-
phate, were used. By mid December, 48 and 419'0 
establishment had occurred in the strip and sod 
seeding respectively, but only 10% in the 
broadcast. Strip seeding was the most successful 
technique, resulting in earlier rhizome and tap-
root development and wider lateral spread of 
rhizomes. However, both strip seeding and sod 
seeding resulted in all plants developing rhizomes 
9 months after sowing. Plants from broadcasting 
were small with few rhizomes in the first season. 
The higher fertiliser rate improved establishment 
and growth, particularly in the strip seeding 
treatment. By using a strip seeding technique 
Caucasian clover was established as rapidly as 
white clover and plants were similar in size after 
5 months. 

Keywords: broadcast seeding, establishment, 
fertiliser, rhizomes, sod seeding, sowing methods. 
Tn/olillm ambigllllm, Trifolillm repens. tussock 
grasslands 

Introduction 

Caucasian clover shows great promi se as a very 
persistent. competitive legume for the South Island 
hill and high country. It is a deep-rooted. drought-
tolerant. spring- and summer-growing legume which 
can tolerate low winter temperatures and heavy frosts. 
and recovers quickly after drought (Dear & Zorin 1985; 
Woodman et al. 1992). Caucasian clover has an 
extensive root and rhizome system (Daly & Mason 
1987) which acts as an important store for nutrients 
(Strachan el al. 1994). Allan & Keoghan (1994) found 
that Caucasian clover persisted under a wide range of 

grazing management systems because t.he rhizomes 
and growing points were below ground level. 
Persistence through vegetative spread was observed 
by Dear & Zorin (1985) who found 4-year-old 
Caucasian clover cv. Monaro produced 74 daughter 
plants/plant and had rhizomes nearly 500 mm in length. 

Reports of slow establishment (Lucas el al. 1980; 
Scott 1985) and the lack of seed supplies have restricted 
the commercial use of Caucasian clover. This has led 
to proposals that rhizome fragments could be used as a 
means of establishment (Scott & Mason 1992). 
However, in contrast to Lucas et al. (1980). Lowther 
& Patrick (1992) reponed seedling establishment of 
white clover and Caucasian clover to be similar. 

The aims of this establishment trial were to measure 
the effects of sowing technique and fertiliser 
application on Caucasian clover seedling establishment 
and early root and rhizome development on a low-
fenility, summer-moist. high-country site. 

l'vIaterial and methods 

Experimental site and design 
The experiment was sited on depleted. unimproved 
tussock grassland dominated by fescue tussock 
(Festuca novae zelandiae), brown top (Agrostis 
capillaris) and Hieracium pilosella situated at 
Mesopotamia Station in the upper Rangitata valley. 
The soil. a Mesopotamia silt loam, is acid (pH 5.2) 
and low in phosphorus (Olsen P 6) and sulphur (S 2 
ppm). The site is 500 m above sea level and has a 
mean annual rainfall of 940 mm. The experimental 
site was burnt to remove litter and sown with Caucasian 
clover (Trifolium ambiguum Bieb.) cv. Monaro on I 
October 1992 using the Lincoln Ventures! AgResearch 
experimental plot drill. Rainfall was reasonably evenJy 
distributed during the establishment year with 133 
mm of rain in the two months following sowing out of 
a total for spring of 167 mm (Table 1). 

Seeds were scarified and commercially prepared 
as a special batch by inoculating with Rhizobium strain 
CC283B followed by coating with fine lime at a rate 
of 0.7 lime: 1.0 seed. Although no Rhizobium counts 
were done the inoculant was applied at 5 times the 
recommended rate. with the aim that the number of 
viable Rhizobium present on the seed would not be 
limiting. The inoculated. coated seed was stored at 
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Table 1 Seasonal rainfall and soil temperatures at Mesopotamia station. Rangitata valley. for the period 1992-1994. 

Measurement -----Seasonal distribution ------
Spring Summer Autumn Winter 

Total 
rainfall 

Rainfall (mm) 
Mean daily temperature ('C)' 
Mean daily temperature ('C)' 

# Soil temperatures at I 0 em depth 
## From 16 April to the end of May 
NA Not available 

1992193 
1992193 
1993194 

167 
NA 

10.0 

4°C for I day before sowing. The trial was a balanced 
incomplete block design with plots consisting of paired 
comparisons of all treatments. The trial was replicated 
twice with each paired plot 20 m in length. Seeding 
rate was calculated to place 100 viable seeds per metre 
of row. Treatments consisted of 3 methods of 
establishment: an experimental strip seeding system. 
direct seeding into the sod or broadcast. The strip 
seeding system. described fully by Horrell e/ al. (1991). 
used an inclined dished disc to cut and invert a ribbon 
of turf. placing it adjacent to the drilling strip. Next. a 
spring tine cultivated the soil and banded the fertiliser 
at a nominal depth of 50 mm. Finally a seed coulter 
sowed the seed at a shallow depth (approximately 10 
mm) and a press wheel firmed the seed bed. Two rows 
150 mm apart were sown in the weed free 200 mm 
strip of bare soil. The sod seeding system used Duncan 
760 till seeder with a 'Baker' inverted T coulter form 
of direct drilling. with fertiliser placed with the seed, 
and was also drilled in two rows 150 mm apart. The 
broadcast treatment was sown by the plot drill with 
seed and fertiliser falling directly from the coulter and 
spreading over a 200 mm wide strip. 

Each of the establishment methods was sown with 
either 150 or 300 kglha of molybdic sulphur super 
phosphate (8% p. 20% S). Basal boron was also applied 
as a solution of borax (II % B) at 10 kg Blha. 

Trial measurements and data analysis 
Early emergence and establishment was measured on 
14 December 1992 with plant counts made along two 
500 mm lengths of row from each paired treatment in 
each plot. 

On 12 March 1993. one spade spit 200 x 150 mm 
was dug across each of the paired rows of sod and strip 
seeding treatments at median sites. Due to lack of 
uniform plant numbers in the broadcast treatment spits 
were dug to obtain a minimum of 5 plantsltreatment. 
Samples were washed and measurements recorded on 
nodulation. rhizome number/plant and rhizome length. 
Dry weights of shoots (above-ground herbage). roots 
and rhizomes were determined. 

At the end of the first growing season on 6 July 

191 
NA 
16.5 

235 
8.0" 
11.1 

(06 
4.2 
3.7 

848 

1993. one 150 mm wide turf was dug across the paired 
rows of the sod seed and strip seeding treatments, The 
turfs were long enough to include all lateral rhizome 
development. Five plants were randomly selected for 
measurement from the broadcast treatments. 
Measurements were the same as the first sampling 
plus additional measurements of secondary rhizome 

. number and length. and dry weight per plant. 
An adjacent fertiliser trial comparing responses of 

Monaro Caucasian clover and Grasslands Tahora white 
clover to rates of phosphate and SUlphur was also 
sampled. Both species were established on the 1 
October 1992 using the strip seeding t~chnique. The 
treatment sampled for this study had 50 kglha of both 
phosphorus and sulphur applied at sowing time. Three 
spits were dug from this Caucasian clover and white 
clover trial on 19 April 1993. and root. rhizome. stolon 
and leaf material measured. 

Genstat statistical package was used to analyses 
the paired plot design. 

Results and discussion 

Germination and establishment 
The strip seeding system was the most successful 
method for establishment of Caucasian clover with 
48% of seed sown establishing. This was closely 
followed by the sod seeding treatment (41 %). while 
broadcasting produced comparati vely poor results 
(10%) (Table 2). It is assumed that the success of strip 
seeding was due to a combination of effects including 
the physical removal of competing resident vegetation. 
cultivation to form a seed bed. formation of a micro-
climate and placement of fertiliser in a band below the 
seed. These all combined to enhance germination. 
nodulation and establishment of the seedlings and 
subsequent growth of roots and rhizomes (Tables 3 
and 4). Similar results with the strip seeder have been 
achieved with other legume species by Lowther e/ al. 
(1991) and Woodman (1993). The sod seed technique 
was also satisfactory. indicating the importance of 
seed being placed in the ground close to fertiliser for 
establishment and subsequent growth in this 

!twm 
I:'>:';;:;:;: 

f±C; 



Table 2 

3 

Effect of establishment technique on percentage of 
Caucasian clover plants per metre of row in December 
1992. 

Establishment technique 

Broadcast 
9 

Sod seeding 
38 

Strip seeding 
48 

SED 4.44 (p<O.OOI) 

environment. However, in drier environments the close 
proximity of fertiliser may be detrimental (Woodman 
pers. comm.). The poorer establishment from 
broadcasting can be attributed to a combination of 
factors but the main adverse influence may have been 
the substantial ground cover of 30-50% Hieracium 
pilosella leaves which would have resulted in a high 
proportion of .seed landing on the prostrate rosettes 
rather than bare ground. In addition, both 
germinating seed and Rhizobium are very 
susceptible to desiccation when on the surface of Table 3 Effect of establishment technique on root weight (glplant) 

to 15 cm depth, March 1993. the soil; this drying effect would have been further 
aided by lack of litter cover due to burning. About 
80% of the plants in the broadcast plot were small 
and yellow at the March sampling. Some were 
un-nodulated while others had small pale nodules 
which could be the result of ineffective andlor 
late nodulation by Caucasian clover rhizobia. 
Alternatively this could be the result of nodulation 
by resident white clover rhizobia which may form 
small ineffective nodules on Caucasian clover 
(Patrick & Lowther 1993; Ronson pers.comm.). 
It is possible that the most recent recommendation for 
inoculation (Patrick & Lowther 1994) would have given 
better nodulation in the broadcast situation. However, 
the excellent nodulation of direct-drilled plants 
indicates that there were adequate numbers of rhizobia 
specific to Caucasian clover present for seed which is 
placed in soil rather than broadcast on the surface. 

Root and rhizome development 
A characteristic of Caucasian clover is its rapid early 
root development and by March 1993 some tap-roots 
from the strip seeding teChnique had reached more 
than 700 mm depth. In contrast the broadcast plants 
had reached only 200 mm depth. At that time, root dry 
matter to ISO mm of the strip seeding system was 
more than double that of plants which were sod seeded, 
and almost 6 times the weight of broadcast plants 
(Table 3). There was an interaction between sowing 
method and fertiliser, with a larger response to the 
higher level of fertiliser in the strip seeding treatment. 
The root growth responses in March 1993 were 
presumably due to the same combination of factors 
which enhanced germination and establishment 
mentioned earlier; the poorer growth of roots from 
sod seeding was assumed to be due to competition 
from browntop and Hieracium, particularly for 
nutrients such as phosphate (Jackman & Mouat 1974; 
Svavarsd6ttir pers. comm.). 

By March 1993, rhizome development was evident 
on many plants of the sod seeded and strip seeding 
treatments although rhizome length and percentage of 
plants with rhizomes were greater with strip seeding 

Feniliser - Establishment technique --
(kg/ha) Broadcast Sod seeding Strip seeding Mean SED 

150 0.143 0.276 0.528 0.316 
0.055 

300 0.157 0.376 0.657 0.464 
(p<0.05) 

Mean 0.150 0.326 0.693 Interaction 

SED 0.095 (p<0.05) SED 0.067 (p<O.OOI) 

(Table 4). By July 1993 all plants in these two 
treatments had developed rhizomes. Few plants from 
broadcasting e:dJibited rhizomes either in March (Table 
4) or in July. The rhizomes produced by the strip 
seeding system in March were 5 and 10 times the 
length of the sod seed and broadcast treatment 
respectively. Even at this early sampling, some 
rhizomes were 150 mm long in the strip seeding 
treatments. The reasons for this excellent rhizome 
development under the strip seeding system can be 
attributed to the plants establishing in a 200 mm wide 
cultivated seedbed free from strong Hieracium and 
browntop root competition. The sod seeded plants were 
subject to both inter and intra-specific competition as 
individual plants not only received substantial pressure 
from other Caucasian clover plants along the disc line, 
but any sideways growth resulted in strong competition 
from resident vegetation which formed a very dense 
root mat. 

Table 4 Effect of establishment technique on percentage 
plants with rhizomes, average rhizome length, and 
rootlrhizome:shoot ratios, in March 1993. 

Plants with 
rhizomes (%) 

Average rhizome 
length (mm) 

RooVmizome: 
shoot ratio 

-- Establishment technique -
Broadcast Sod Strip 

seeding seeding 

43 75 

2 21 

2.49 3.15 3.36 

SED 

6.50 (p<O.OOI) 

2.26 (p<O.OOI) 

0.21 (p<O.OOI) 
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There was continued primary rhizome development 
in the autumn between the March 1993 sampling and 
the July 1993 sampling. By July 1993 the strip and sod 
seeded plants had developed secondary branch 
rhizomes (Table 5). Individual rhizomes from both 
the strip and sod seeding systems measured up to 300 
mm in length, while the maximum plant width was 
485 and 405 mm respectively (Table 5). 

Table 5 Effect of establishment technique on the a\'erage 
primary and secondary rhizome length and ma.\imum 
plant width in July 1993. 

--- Establishment technique ----
Broadcast Sod Strip SED 

seeding seeding 

Primary rhizome 
length (mm) 8' 30 78 5.5 

Secondary rhizome 
length (mm) 0 5' 32' 6.5 

Maximum plant 
width (mm)" 35 405 485 NA 

Average 01 plants with rhizomes and secondary rhizomes. 
:HI Plants measured Irom tip to tip 01 the two longest rhizomes. 

Sampling done in mid spring of 1993 revealed 
further rhizome growth and development indicating 
that rhizome extension was not confined to autumn 
(Moorhead unpublished). 

Roolplus rhizome to shoot ratio 
In contrast to many other clovers Caucasian clover 
seedlings allocate a much higher proportion of 
photosynthates into root and rhizome development 
than growth of leaves (Spencer el al. 1975). The root 
plus rhizome:shoot ratios present in the March 
sampling (Table 4) were very similar to those found 
by Daly & Mason (1987) of 2.73 in cv. Prairie, and by 
Spencer el al. (1975) who measured ratios of 2.36 and 
3.36 in the diploid cv. Summit and a hexaploid ecotype 
respectively. These ratios emphasise the characteristic 
partitioning of nutrient and carbohydrate resources of 
Caucasian clover during its establishment into its root 
and rhizome systems. In March 1993 Caucasian clover 
had produced 10.7 g DMlm row of top growth using 

the strip seeding system and 3.7 g DMlm row for the 
sod seed technique. The herbage production by the 
strip seeding system (approx. 700 kg DMlha at the 
row spacing used) together with the substantial 
underground biomass suggests that this treatment could 
have been lightly grazed within six months of 
establishment (Moorhead unpublished). 

Comparison with white clover 
Measurements of Caucasian clover and white clover 
plants drilled with the strip seeder in the adj acent 
fertiliser experiment showed large differences in their 
morphology. Individual 6-month-old white clover 
plants were similar in total leaf DM to Caucasian 
clover; but white clover plants had only one third the 
root DM while its stolons were nearly 3 times the 
weight of Caucasian clover rhizomes (Table 6). 
Caucasian clover had longer tap-roots> 150 mm 
compared with 92 mm for white clover. Leaf DM 
yield was 8.4 glm row length vs 10 glm row length for 
white clover and Caucasian clover respectively. 

Conclusions 

Results showed the importance of good techniques for 
rapid establishment of Caucasian clover in moist, low 
fertility, depleted tussock grassland areas. 
The most important conclusions are: 
I. The use of either strip or sod seeding will produce 

large, rhizomatous, well established plants in the 
first season after sowing. 

2. The strip and sod seeding establishment techniques 
are far superior to broadcasting and will produce a 
higher proportion of nodulated plants from seed 
sown. 

3. Strip seeding will encourage earlier rhizome 
development and greater root production, causing 
faster vegetative spread, but sod seeding (which is 
the most commonJy available technology) is also 
much superior to broadcasting. 

4. By using the strip seeding technique Caucasian 
clover can be established as quickly and 
successfully as white clover in this environment. 

5. High rates (300 kg/ha) of molybdic sulphur 
superphosphate placed with or under the seed 

Table 6 Comparison of white and Caucasian clover plants on 19 April 1993. 

Species 

While 
Caucasian 

Average 
plant 

number 
1m row 

40 
50 

Individual plant OM Tap 
----- (9 per plant) ---- root 

Leal Root Stolon/ length 
rhizome (mm) 

0.21 0.26 0.49 92 
0.20 0.81 0.18 >150 

Tap Stolon/rhizome Leal 
root --- per plant --- number 

diameter Number Length (mm) per 
(mm) plant 

3.4 5 72 18.3 
4.8 4 44 5.2 

... 



accelerates plant growth and rhizome development 
in this environment. 
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Appendix 2. Mesopotamia Caucasian clover establishment plan. 
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Appendix 3 Genstat programme and example of data input used to analysis 
treatment results. 
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Appendix 4 Trial plan of rhizomatous clover grazing with treatments established in October 1993. 
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Appendix 5 The Genstat programme for analysing the grazing trials 
randomised block design with a strip block design at the subplot level. 
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Appendix 6 Probabilities for all variates and contrasts for the grass 1:---'-

~ component of the pastures. i 

Variate 
Nov 93 Dec 93 Jan 94 Feb 94 Mar 94 A2r94 

Treatment p<O.048 * p<0.188 p<0.203 p<O.026 * p<O.030 * p<O.022 * 
Frequency p<0.019 p<0.296 p<0.257 p<O.012 * p<O.013 * p<O.371 
Intensity p<O.034 * p<0.126 p<0.105 p<O.047 * p<0.088 p<O.006 ** [- ~. - -

I<'c:"<. Interaction 2<0.058 2<0.165 2<0.311 2<0.138 2<0.092 2<0.403 ~~:~:--:'..:-.:.; 

Species p<0.116 p<O.020 * p<0.88 p<0.059 p<0.181 p<O.046 * 1~-'~7:~~ 
CCvsZZ p<0.078 p<O.006 ** p<0.065 p<O.028 * p<O.043 * p<O.018 * 1 

Deviation E<0.184 E<O.191 2<0.510 2<0.175 2<0.895 2<0.182 
Treatment * p<0.536 p<0.431 p<0.733 p<0.489 p<0.781 p<0.360 

Species 
Frequency p<0.752 p<0.933 p<0.750 p<0.548 p<0.461 p<0.469 
CCvsZZ 
Intensity p<O.031 * p<0.615 p<0.084 p<0.139 p<0.290 p<O.030 * 
CCvsZZ 

Frequency p<0.554 p<O.077 p<O.3lO p<0.161 p<0.886 p<0.837 
Deviation 
Interaction p<0.838 p<0.900 p<0.720 p<0.923 p<0.483 p<0.638 
CCvsZZ 
Intensity p<0.671 p<0.794 p<0.890 p<0.749 p<0.686 p<0.618 
Deviation 
Deviation £<0.614 £<0.220 £<0.975 £<0.459 £<0.321 £<0.219 

Appendix 7 Probabilities for all variates and contrasts for the rhizomatous 
clover (%) component of the pastures. 

Variate 
Nov 93 Dec 93 Jan 94 Feb 94 Mar 94 A2r94 

Treatment p<O.OOl ** p<O.l04 p<0.304 p<0.209 p<O.043 * p<O.117 
Frequency p<O.OOl ** p<0.056 p<O.104 p<0.098 p<O.018 * p<O.094 
Intensity p<0.269 p<O.840 p<O.631 p<O.254 p<O.071 p<0.122 . 

Interaction I!<O.023 * 2<0.085 2<0.906 2<0.437 2<0.294 2<0.147 
Species p<O.OOl ** p<O.OOl ** p<O.002 ** p<O.OOl ** p<O.OOl ** p<O.OOl ** 
CCvsZZ p<O.OOl ** p<O.003 ** p<O.004 ** p<O.OOl ** p<O.OOl ** p<O.OOl ** 
Deviation I!<O.OOl ** E<O.002 ** I!<O.003 ** 2<0.061 I!<O.OOI ** I!<O.002 ** 

Treatment * p<0.349 p<0.694 p<O.040 * p<O.002 ** p<O.006 ** p<O.020 * 
Species 

Frequency p<0.673 p<0.902 p<O.048 * p<O.016 * p<O.021 * p<0.187 '-.' 

CCvsZZ 
Intensity p<0.208 p<0.582 p<0.015 p<O.028 * p<O.OOl ** p<O.006 ** 
CCvsZZ 

Frequency p<O.041 * p<0.455 p<O.026 * p<0.525 p<0.341 p<0.054 
Deviation 
Interaction p<0.629 p<0.951 p<0.433 p<0.186 p<O.031 * p<0.087 
CCvsZZ 
Intensity p<0.587 p<0.590 p<0.994 p<0.223 p<0.801 p<0.290 
Deviation 
Deviation p<0.823 p<0.190 p<0.754 p<0.868 p<0.900 p<0.826 
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Appendix 8 -Probabilities for all variates and contrasts for the white clover 
F.tt~ 

component of the pastures. 

Variate 
Nov 93 Dec 93 Jan 94 Feb 94 Mar 94 A2r94 

TreaUnent p<0.189 p<O.l77 p<0.079 p<O.002 ** p<O.OOl ** p<O.012 * 
Frequency p<0.062 p<0.055 p<O.028 * p<O.006 ** p<O.OOl ** p<O.Oll * 
Intensity p<0.655 p<0.530 p<OA49 p<O.OOl ** p<O.OOl ** p<O.021 * - -

~-:~:~~ Interaction 2<0.525 2<0.931 2<0.197 I!<O.002 ** I!<O.OOI ** I!<O.017 * 
Species p<0.056 p<O.003 ** p<O.012 * p<O.035 * p<0.370 p<OA68 r~?/t: 
CCvsz;z. p<0.118 p<O.007 ** p<O.077 p<0.138 p<0.804 p<0.659 
Deviation E<0.051 I!<O.004 ** I!<O.009 ** I!<O.027 * E<O.236 E<0.330 

TreaUnent * p<0.744 p<0.356 p<0.955 p<0.086 p<0.168 p<0.165 
Species 

Frequency p<0.218 p<0.142 p<0.762 p<0.199 p<o.on p<0.309 
CCvsz;z. 
Intensity p<O.337 p<0.375 p<0.762 p<0.509 p<O.740 p<0.642 
CCvsz;z. 

Frequency p<O.534 p<0.559 p<0.969 p<OA04 p<0.540 p<0.808 
Deviation 
Interaction p<0.731 p<0.686 p<0.218 p<0.626 p<0.699 p<0.207 

CCvsz;z. 
Intensity p<0.960 p<O.5lO p<0.576 p<0.112 p<0.194 p<OA81 
Deviation 
Deviation 12<0.385 12<0.116 12<0.909 e<O.029 * 12<0.078 e<O.017 * 



Appendix 9 Botanical composition and legume content of the mean of each grazing treatment through 
the 1993/94 sampling periods 

Pasture Grazing treatment'> 

Components November December January 

ssh 

Grass 47 

Monaro 13 

White clover 10 

Other* I 30 

Legume 

content** I 23 

* Other includes in order of contribution, dead material, bare ground, weeds, red clover. 

** Legume content only includes Monaro and white clover 
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J :. 

February March 
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