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VARIETY X MANAGEMIflr INfERACI'ICl'IS 

WI1H RED CIDVER (Tr i fol i un pra tense L. ) 

by 

R.J .M. Hay 

Field studies at the Welsh Plant Breeding Station, 
Aberystwyth were designed to evaluate the responses of diploid and 
tetraploid representitives from early and late flowering groups of 
red clover, to various autumn defoliation managements. A cutting 
trial was established crnnprising the four varieties under four 
autumn/winter defoliation managements; undefoliated or defoliated 
once, twice or three times during this period. During 
spring/smmer all plots experienced the same management which was 
three silage-type cuts. IlVI measurements were taken at each 
defoliation. Plant counts, morphological measurements and chemical 
and qual ity analyses were carried out at appropriate times during 
the trial. Plants were removed fran the field to a depth of 400mm 
at the end of the first winter, planted in soil-filled boxes and 
placed in a heated light-exclusive chamber. Thus an attempt was 
made to establish the importance of the level of carbohydrate root 
reserves in initiating structural regrowth under favourable 
conditions, but in the absence of photosynthetic products. 

The same autumn/winter treatments were imposed on a year-old 
established sward of an early flowering diploid red clover variety, 
but defoliation was effected with sheep rather than by mower. Sane 
comparison was thus obtained between cutting and grazing. 

Discriminant and multiple regression analyses were used to 
identify the factors most sensitive to autunID/winter management for 
each variety, and to see if predictive models could be established 
for IM yield from measured components of yield. Detailed 
measurements were talmn at the end of winter in the first year, and 
before the first and second spring/sunmer harvests of the same 
year, to provide the required data. Both techniques of analysis 
were found to be useful, with high levels of classification 
obtained for varieties, and accurate predictive models established; 
e.g. 74% of the variation in IM yield at the first spring/sulmer 
harvest was explained fran an equation of factors measured at the 



end of winter for the diploid late flowering variety. This 
increased to 81% of the variation explained by just two factors in 
the grazing trial. OVerall the most important factors in 
determining yield variation were root carbohydrate levels and plant 
number per unit area. 

Genotype x environment regression analysis showed that early 
flowering varieties were detrimentally affected by autumn/winter 
defoliation to a much greater extent than late flowering varieties. 
Diploids were more sensitive than tetraploids within each flowering 
group. At the second spring/summer harvest there was evidence of a 
compensatory mechanism operating for treatments defoliated two and 
three times in autumn/winter. This resulted in there being very 
little difference in TIM between defoliation treatments. This was 
especially so for the late flowering varieties. 

The dark room experiment showed a direct relationship 
between the concentration of total available carbohydrate of red 
clover roots and their ability to produce structural growth in the 
absence of light. 

A controlled environment experiment was carried out at 
Lincoln College using three day/night temperature regimes likely to 
be experienced in autumn in temperate environments. The same four 
red clover varieties were grown and the plants subjected to four 
defol iation regimes during the course of the experiment. This 
experiment demonstrated that warm temperatures in autumn markedly 
increased red clover growth, particularly in early flowering 
varieties. This was, however, associated with a lowering of 
carbohydrate root reserves which were lowered still further with 
any defoliation. 

These results are interpreted and discussed in terms of 
present-day management of red clover swards on intensive grassland 
farms. 

KEYWORDS: red clover, Trifolium pratense L., varieties, diploid, 
tetraploid, early/late flowering, autumn/winter management,' 
cutting, grazing, persistence, temperature, plant numbers, genotype 
x environment interactions, discriminant analysis, multiple 
regression analysis, controlled environment, dark chamber, 
digest ibi Ii ty. 
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CHAPTER.. 1 

INrnaxJCTICN 

The prophetic pronouncement by Aldrich (1974) that 

artificial nitrogen would completely replace clovers by 1984, if 

present legume use trends continued in the U.K., has not come to 

pass. The rise in on-farm costs, world-wide, are making the 

farming community look closely once again at forage legumes as a 

cheap and efficient supplier of nutritious feed. It has been 

frequently claimed that the full potential of forage legumes has 

not been exploited by the agricultural industry (Rogers, 1975>. 

The intensification and sophistication of modern farming 

today demands a knowledge of the perennial forage species such that 

a farmer must IU10W the'most productive and persistent variety for a 

particular management system CHay, 1980>. Within the red clover 

species there are estimated to be around 75 bred varieties at 

present in use in world agriculture (W.E. Davies pel's. comn.). To 

gain a fuller lmderstanding of how this species reacts to a 

specified set of management conditions, it was decided to take a 

representative variety from each of the four different cuI tivar 

groups avai lable. i.e. diploid and tetraploid, early and late 
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flowering. In this way differences which became apparent during 

testing could be extrapolated in general to varieties within that 

group, bearing in mind minor cuI tivar variation. 

Thus through intensive morphological, and some physiological 

studies, a greater understanding of the agronomy of red clover was 

hoped to be gained. In turn, this may have practical application 

to grassland farming systems. 
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CI-IAPT'ER 2 

REVIEW OF LITERATURE 

2 . 1 INIRODUCTICN 

Red Clover (Tl'ifol ium pratense L.) is an important herbage 

legune in European and North American agriculture and has playecl a 

valuable part as a source of pasture, hay and silage and as a 

cornerstone of early cropping rotations in the temperate zones of 

both hemispheres (Fergus and Hollowell, 1960). MAFF figures cited 

by Frame (1976) show red c lover to be the second most important 

legl..mle after whi te clover in the Uni ted Kingdom. 

In the 1950's and 1960's there was a decline in red clover 

usage in these temperate regions mogel's, 1975; Frame 1976), 

including' New Zealand and :\ustl'alia (Langer, lU69). This was 

attributable to several factors including the trend towards f·:· 
I ..•.• 

simplification of seeds mixtures, particularly for long-term 

pastures, and the l..mpredictal)i I i ty of the crop owing' to its 

sensitivity to soil acidity or so i I mineral cleficiencies, 

susceptibility to "clover siclmess" caused by clover rot (Fusal'iwlI 
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species and Sclel'otinia trifoliorum Eril(s.) and stem eelworm 

(Di tylenchus dipsaci (Kuhn) Fi 1 ipjer). In the U.K. the decl ine 

was also caused by an increasing dependence on grass swards given 

fertiliser nitrogen, which was cheap, and lmtil 1974, heavily 

subsidised (Davies, 1974). 

On grazed swards there was the risk of bloat (Johns, 1963; 

Meadowcroft, 1975) and high oestrogenic activi ty in breeding ewes 

(Barret t et ai., 1965; Newton and Betts, 1968). Confusion also 

existed over management strategies best suited for (a) highest 

productivity and (b) persistence of early flowering and late 

flowering red clover varieties. What prevented the complete 

disappearance of this species from temperate agriculture was the 

massive advantage in animal intal~e and liveweight, and wool weight 

gain when red clover was included in feeding mixtures compared with 

pure grass diets (Mi les and Wal tel's, 1966; Pati 1 et al. 1969). 

The advent of 1110re sophisticated plant breeding techniques, 

particularly the development of tetraploid red clovers 
/ 

1956), (Julen, along with the higher cost of nitrogen fertiliser, 

renewed interest in the species. This was further s t i roul at ed by 

reports of superiority of tetraploid over diploid varieties in 

yield, persistence, winter hardiness, nutritive value, and 

resistance to pests and diseases (Kivimae, 1959; 

Akerberg e t ill. /1963) . Thus it has become important for 
/ 

agriculturalis{~ to elucidate differences between diploids and 

tetraploids, both early and late flowering. to enable appropriate 

management systems to be defined for the red clover variety best 

sui ted to any particularly environment. 

~-=~~,<:-~;-:, 

~~~;~t~ 

C:::-~~::;;~ 
:;;:;~;~~~~, 
-~~:~:--:-:<;! 
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This review discusses documented lmowledge to date on pure 

swards of red clover, and the statistical methods to be employed in 

this study to gain a better understanding of this forage legune. 

2.2 CRIGIN AND TAXCN:JIIIY 

Red clover is believed to have its centre of origin in those 

countries that border the Mediterranean and Red Seas, where the 

greatest number of Trifol ium species are fOlmd 

CW. Ellis Davies, pel's. coam.). Extensive collections of forage 

plant seeds made by early explorers in this general region 

invariably contained seeds of various red clover types, although 

red clover in these countries is not on record as being an early 

cultivated crop in Greek, Roman or Judeo-Christian literature, even 

though some Greek and Roman historians have conmented upon the 

vi rtues of some (tmspecified) 1 eg1..Dlli nous forage crops 

(Rogers, 1975), and green manuring using leg1..1l11eS was a practice 

advocated by the Romans. 

! '. -
The prevalence of F1 sterility and the absence of natural 

polyploids among the species most closely relatecl to red clover, 

suggest that hybridisation has not been important in its evolution 

(Rtrrnba 1 I, 1983). 

Red clover, Tl'ifol ium pl'atense L. belongs to the family 

Legtnninosl:1e, sub fami ly pa.pi I iOfllwe<.-1.e, subgroup Lagopus, according 

to the classification system of Engler and Prantl (1928). Some 

taxonomist.s have bro\(en the sUbgenus into sections, Ascherson and 

Graebner <1896-1913) placing it in the section Pl'atensia. 
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The species pl'atense is recognised by most taxonomists as 

being compose!i of two main types: medium and rnarnnoth (Fergus and 

Hollmvell, 1960). The distinction has principally been related to 

the mrrnber of cuttings obtained pel' season, 01' to the earliness or 

lateness of flowering, which appears to be a photoperiodic 

response. ~Iorphologically and cytologically the types are the 

same. Although these types have been given trinomial names, the 

validity of such nomencalture is questionable, since observations 

of thousands of ecotypes from many parts of the world have revealed 

late floweri"ng medium and early flowering' rnamnoth, and all 

gradations between types. 

Hawkins (1953) in his review of the history of red clover in 

the U.K. recognised three main types: - 0) broad red, double cut 

or early flowering red clover; (2) single cut red clover, single 

cut cowgrass or Engl ish 1 a te fl ower ing red clover; (3) I a te 

flowering red clover. He identifies a gap of two weel(s in 

flowering date between each of the three types. Other corrrnon names 

for these categories are June for the broad red, and 111 a l' 1 grass, 

sapling and bull for the single cut, while the extra late flowering 

types which are Imown to to 1 era te graz ing better than other types 

are "Montg'omery" and "Cornish Marl" in the U.lC, and "AI taswecle" in 

Canada (Rogers, 1975). 

2 . 3 l\trRPOOLCGY 

When fully developed the red clover plant consists of flower 

heads, leaves, hollow branches and stems arising from the crown at 

or below tl1e soil surface, which in turn is supported by a tap root 

(CLnnning, 1959). Early flowering varieties gTown in pure swards 



7 

have, on average, four stems per plant, and late varieties about 

nine. Each stem, or primary shoot, eventually terminates in a 

flower head. stem length is determined by edaphic factors such as 

drainage, nutrient and moisture availability as well as the 

defoliation regime. Branches (secondary shoots) also vary in 

length for the same reasons but are always longer for those 

originating from lower compared with upper nodes. 

The first, and rarely second, true leaf is unifoliate, the 

remainder are typically palmately trifoliate. Petioles are 

slender, and each has a triangular stipule which narrows to a long 

fine point terminating in a tuft of hairs. Leaflets are 

suborbicular to sublanceolate and possess a pale crescent-shaped 

mark on the mid-upper surface, though a few plants may have 

leaf 1 ets wi th no marldngs (Wi 11 i ams, 1927). The aer i a I parts of 

the plant are hairy, although the top surface of the leaf is not as 

hairy as the underside. Pieters and Hollowell (1937) suggest that 

American red clover is more pubescent than European because of a 

lengthy selection period wherein potato leafhopper (FInpoasca fa.bae 

Harris) injury to glabrous genotypes in America favoured survival 

of the hairy types. 

111e florets of red clover are sessile in dense ovate heads, 

subtended by stipules of the upper pair of leaves. The mn-nber of 

florets per head varies from 50 to 275; the mean number is about 

140 (Wi 11 iaros, 1927). Each floret is 10 t.o IGrrm long, slender and 

most ly 1 ight pinl< but may vary to deep reddish violet. A whi te 

flowered form has a recessive factor linl<ed with incompatibility 

alleles (Williams, 1935). Just before and during flower-opening 

the style elongates rapidly; blnnble-bees and the honey bee are the 
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main pollinators. An extensive series of self-incompatibility 

alleles determines cross-fertilisation (Rog'ers, 1975). 

Normal ovaries contain two ovules, rarely one, three or 

four. As a rule however, only one seed is produced per floret. 

Red clover seeds are 1.5-2.0nnl long and are shaped lil{e an inflated 

rugby ball with a notch on one side. They vary in colour from 
/~~' ~~ \~~ ~ ~~~,_/ 

white to brown to deep purple. A recent extensive revie\v of the 

morphology of red clover has been published by 

Bow 1 ey eta 1. (1984). 

2.4 BREEDING VARIETIES 

It is not the intention in this section to give a detailed 

or exhaustive review of the genetics of red clover or their 

appl icat ion by plant breeders to establ ish new varieties by using 

one, or a combination of newly available techniques. There are 

some extensive recent revi ews available on this topic 

<Rogers,1975; Taylor and Smith, 1979; Rlnnball, 1983), Suffice to 
! 

say that the teclmique to produce autotetraploids (Julen, 1956) is 

the most significant development in red clover breeding to date. 

The simple S-system which operates at the diploid level, with some 

small complications superimposed by insect pollinator, changes to a 

more complex situation at the tetraploid level. 

111e t.et.raploid shows a range of self-fertility and 

inbreeding depression (Pandey, 1956) and insect pollination is less 

reliable. The implication for the plant breeder is that 

precautions must be tal{en to enSllre that enough unrelated plants 

are used as t.he bas is of a new variety - t.hi s leads to the di lenma 
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of broadening the genetic base and thus lowering the intensity of 

selection. The bacl{cross transfer of resistance to disease is a 

suitable technique provided sufficient plants are used of the 

recurrent parent (Rogers, 19~5). 

Crosses between red clover and other species of Trifolium 

have usually failed, largely because of embryo abortion. Hybrids 

have been obtained with each of the diploid annual species T. 

diffusum and' T. pall idLUn, but these hybrids produced heal thy seed 

only when both parents were raised to artificial tetraploidy before 

crossing. Apparently the only mature hybrid bet\veen red clover and 

a perennial species was achieved in I<entucky, U.S.A. (Taylor and 

Smi th, 1979) wi th T. sarosiense, using embryo cuI ture techniques. 

Techniques such as transfer of irradiated pollen. graft 

hybridisation, and somatic fusion in culture are now being used in 

attempts to breed more species hybrids of red clover 

m.K. Pandey, pers. COl1m.). 

Red clover seems to have the most plastic,·· adaptable gene 

matrix of any of the important agricultural legumes (Fergus and 

Hollowell, 1960). That is, the genotype can 1)e shifted marl{edly 

and rapidly from one range of expression or performance to another 

in relatively few generations under natural and artifical selection 

pressures of an environment. 

This is well illustrated by the example of selection for 

lower levels of formononetin - the isoflavone compo1..md responsible 

for oestrogeniC activity in ewes and present in red clover. 

Rurnball (1983) reports levels reduced to 25% of the base population 

after only four generations of selection with the late flowering 
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tetraploid variety "Grasslands Pawera". In Western Australia 

Francis and Quinlivan (1972) selected within the diploid early 

flowering. New Zea land variety "Grasslands Hamua" and produced a 

variety, Redwest, which contained less than 5% of the fomononetin 

level of Hamua. However there is some indication that with several 

years' seed multiplication the percentage formononetin value had 

climbed to around 30% of the value of Hamua (Shac}"ell and 

Hay, unpub.), .and there have been suggestions of poorer agronomic 

performance of Redwest compared wi th Hamua 

(J.A. Lancashire, pers. eoam.). In the U.K. a screening programne 

in the late 1970's on four red clover varieties lowered 
I 

formononetin sharply in remarlmbly few generatons of selection with 

no apparent loss of agronomic attributes 

(W. Ellis Davies, pers. eoam.). 

This capacity of red clover to evolve rapidly in ecotype has 

resulted in the development of mnnerOllS naturalised varieties in 

many parts of the world. In a trial completed recently at 

Palmerston North (Rumball, 1983), over 500 overseas lines of red 

clover were compared with t11e t11ree New Zealand cultivars. Only in 

mid stnnner did yield of any overseas line show a tendency for 

superiority. In forage yield at other times of the year, and in 

persistence and disease resistance, no lines were better than the 

locally bred and selected cultivars. 

Generally, agTiculturalists do not see the widespreacl use of 

insecticides and fungicides as providing any longterm answer to 

pests and disease, and may indeed cause damage to root nodules in 

clovers (Fisher and Hayes, 1982). Clearly disease and pest control 

would be best achieved through breeding for resistance. 
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2 ~ 

.;) FACfCRS AFFECfIOO G'RGVlH 

2.5.1 Light Effects 

Garner and Allard (1920) showed many years ago that red 

clover is a long-day plant. Other worl{ers (])usec]{in, 1951; 

Ludwig et a1., 1953; Gorman, 1955) showed that red clovers from 

widely different latitudinal origins require different photoperiods 

for flowering. 111e plants we know as early flowering types have 

flowering' induced under shorter photoperiods than those we class as 

late flowering. Yield differences between varieties appear to be 

associated with their flowering response (Schulze, 1957) and these 

types show no growth differences l.mder continuous light. 

Gist and Mott (957) and Rhylmrd et al. (1960) studied the 

effect of light intensi ty on seedl ing red clover roots and shoots 

of the variety Kenland lmder established temperature and moisture 

conditions. They found by increasing the light intensity from 

2 000 to 12 000 IlL,{ top growth increased by five times and root 

growth by eleven times at 15. 5°C, whereas at 32°C top growth was 

increased only by three and one half times, and root growth four 

fold. Leafiness of young plants was fOl.md to be proportional to 

1 ight intensi ty where temperature is not varied. Thus the 

importance of shading to root growth is clearly demonstrated and 

would have marl{8d effects on water and nutrient uptal{e and 

resistance to defoliation if conditions such as this prevailed in 

the field. 

~~: ~-=;.;~:-:-~ .~. 
'f~::'-::~:;:;~:;'i 

~. ~ :~'~~-G::! 
" 

t'- ",.,' 
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Studies by Bula (1960) with three American varieties of red 

clover/ Kenland, Pennscott and DOllard/Showed that photosynthetic 
/ 

saturation with little or no intra-plant shading was reached near 

15 000 1l1,{ of incident white light. He also found the saturating 

intensity to be inversely related to the daily length of the light 

period. Under the environmental conditions of tl10se studies, no 

flowering was noted w1der a 14-hour photoperiod. 

Pool{pal{d i (1972) us i ng the three New Zea I and bred red c lover 

cultivars showed that shading in the field under a wheat crop, and 

simUlated in a growth cabinet, had a marJ{ed effect on the growth of 

all cuI tivars, but was most severe on the late flowering tetraploid 

cuI tivar Pawera. The main effect of shading was a reduction in 

root growth, giving high top/root ratios. 111is reduced root system 

of an undersown red clover crop has important implications for 

survival, especially wl1en the nurse crop is removed at harvest and 

the red clovers have to cope with the sudden increase in 

transpirational load (Black, 1957). 

2.5.2 Temperature Effects 

As already stated, Gist and Mott (1957) showed that a 

tempera ture of 32°C reduces both root and shoot deve loprnent of 

seedl ing plants, and Kendall (1958) reported that is 

detrimental to growth of roots and shoots of mature plants and 

causes a marked reduction in total available carbohydrates in the 

roots. Consequently, during prolonged periods of high 

temperatures, which are usually associated with low available 

moisture in the field, the plants are greatly weakened 

(Smith, 1950) and their subsequent winter survival is adversely 
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affected. 

This worl{ was quantified by Kendall (1958) who cloned red I~itr£i~~ 
! 

clover plants and grew them in three 12 hour day temperatures, I, 

35ce, 24oe, 13°e in combinat ion wi th three 12 hour night 

temperatures, 27°C, 18°e and 130=. He found after defol iation that 

the largest plants and the g'reatest survival occurred at the 

intermedi a te day/ni ght tempera tures of 24/18°e. Of the plants 

grown at the· hig'llest temperature regimes 90% died after the 

clipping treatment. In addition he concluded that day temperature 

was a more important determinant of yield than night temperature. 

Fergus and Hollowell (1960) noted that there have been 

repeated observations of red clover stand depletion lmder high 

temperatures following the removal of the first hay crop, which was 

produced under cool, moist conditions. They suggest that this 

relationship may be an interaction between the plant weakened by 

low total avai lable carbohydrates and soil-borne root-rotting 

organisms. Mes (1959) found less N fixation, and hence less 

growth, at temperatures of 25-27°e than at 18-21°C, and concluded 

that red clover was more sensitive to temperature than many other I.:'. 

1',-,0",::;,:-; 
legtnnes. 

2.6 FAcrc::RS AFFh'CTING PERSISTENCE 

2.6.1 Winter Hardiness 

Winter hardiness of red clover as a perennial forage crop is 

of considerable concern to agronomists in cold temperate regions of 

the world, particularly in North America and northern regions of 

both east and west Europe. Importantly, breeders and agronomists 
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in New Zealand, Australia and Great Britain do not regard this 

factor as be ing cr it i ca 1 in the i l' work wi th red clover, thus [ wi 11 

not present an exhaustive review here. 111ere have been some 

excellent reviews on this subject by Dale Smi th <1964; 1968), 

Levitt (1972). and the most recent and perhaps definitive, by 

Steponlms (1978). 

Grafius (1974) concluded that the plant 1)reeding objective 

of increasing winter hardiness per se is too broad in undertal<:ing, 

as it implies avoidance of, or tolerance to, all the cumulative 

effects of winter that a plant encounters - including freezing, 

heaving, smothering, desiccation, and diseases (Fergus and 

Hollowell, 1960). Steponlms (1978) mal<:es the following points. 

The combined effects of climatic, edaphic, plant, and cultural 

factors interact to determine the degree of injury incurred by a 

crop following the rigors of winter. Soil factors, such as 

compaction or water-holding capacity, may accentuate or diminish 

the influence of several climatic factors, including temperature 

and precipitation. Conversely, climatic conditions, such as the 

amplitude of diurnal temperature fluctuations or snow covel', may 

mitigate soil factors. 

Cultural practices (Colville and Torrie, 1962) and previous 

climatic conditions (Ruell<:e and Smith, 1956) may influence a 

plant's resistance. which has considerable diversity within a 

species to the stresses imposed on it by the combined cl iroat ic and ~ .. -"._" 

soi 1 factors (Smi tl1. 1968). Plant resistance may take the form of 

certain physiological (Smi th, 1968) or morphological (Chao, 1984) 

adaptions that allow the plant either to tolerate or to avoid the 

imposed stresses. Tolerance and avoidance mechanisms may reside at 
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either the whole plant, tissue or cellular level (LevItt, 1972). 

Thus, the lmdertaking to increase winter hardiness is indeed a 

rather ambi tious objective, and one that is probably insurmO\.U1table 

if approached in its entirety. 

Although an understanding of overwintering has steadily 

evolved, \vith the recognition of the importance of high levels of 

carbohydrate storage in roots and crown, and with subsequent 

changes in certain carbohydrate components and protein fractions 

(Graber et a1., 1927; Greathouse and stuart, 1934; 1936; 

Grandifield, 1943; Smith,1950; Ruel1<e and Smith, 1956), and with 

low specific conduction values in root tissues (Bula and 

Smith,1954), the final answers have not yet been realised 

(Steponkus, 1978). 

2.6.2 Carbohydrate Reserves 

In addi tion to having a function in winter hardiness, 

carbohydrate reserves have an important role in the spring growth 

and longevity of red clover stands. Smith (1950) analysed the 

roots of red clover plants for total avai lable carlJohydrates (TAC) 

and ni trogen compounds on a biweel<ly basis throughout two growing 

seasons at Wisconsin, following on the earl ier wor\< done by L.F. 

Graber with lucerne at the same institute, and by Greathouse and 

Stuart (1934; 1936; 1937) in, Maryland. He concluded that because 

of the continuous metabolic activity in both roots and tops of red 

clovers over winter, root TAC levels as high as possible are 

desirable, going into winter as obviously there is no replenishment 

of these reserves over this period. 111e 11 i gher I eve I s of 

nitrogenous compounds found at the end of winter were thought to 



16 

arise from the decrease in root dry weight clue to the gTaclual 

depletion of stored carbohydrates. 

AutUlm is generally considered the most important period 

during which accumulation. of TAC in the roots tal{es place 

(We inmann, 1961). Defoliation has, therefore, a more lasting 

effect upon TAC storage during auturnn than at any other t irne of the 

year, but rest during this period may enable the plants to 

replenish their reserves to such an extent as to equalise the 

effects of previous abusive defoliation treatments. 

Red clover plants which amass the highest level of L.'\C root 

reserves in autunm have the greatest chance of surviving the 

winter, and achieving the strongest vegetative regrowth the 

following spring. This general principle still holds (Greathouse 

and stuart 1936). Smi th (950) confirmed this wi th his 1'.1/0 weel{ly 

sampl ing of root TAC, menti oned ear 1 i er, of two red c lover 

var iet i es (medi tUTI and mamnoth) and showed percentage TAC in the 

roots increased during the seedling year, right through the season, 

reaching a maximum in mid-October. During the winter months TAC 

levels in the roots declined from 31.9 to 13.6% in medium red 

clover, and from 29.7 to 9.6% in mamnoth red clover. Spring 

regrowth resul ted in a further reduction of carbohydra te, whi ch was 

followed by a period of restoration wi th maxima ag'ain reached in 

late autulm. 

Simi lar losses in TAC during the winter months, and 

presumably due to respiration, were found not only for other red 

clover varieties, but also for lucerne, biennial sweet clo'.-er, and 

for the roots and stolons of whi te clover <Bula anc[ Smi th, 1954; 
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Westerbrool{s and Tesar, 1955; Rue ll<:e and Smith, 1956; 

Wi ll{ins et al., 1958). However there was some doubt expressed at 

the and Tesar (955) and subsequently 

(W. 

time by west/frool(s 

Harris, pers. COllln.) as to the importance of root and stolon 

carbohydrate reserves for persistence of white clover. It is 

thought that pathogens have a larger role in this than the 

literature aclmowledges (Aldrich, 1975). 

2.6.3 Defoliation Management 

2.6.3.1 Cutting 

By far the majority of work carried out on pure red clover 

swards has been under cutting. This is probably appropriate as 

until recently pure stands were not considered a grazing 

propos i ti on for a mnnber of reasons, but pI' inc i pa 11 y the low 

tolerance of existing varieties to treading damage. 111e advent of 

more persistent varieties, particularly tetraploids, has led to the 

option of grazing in situ, and this will be discussed later. 

One of the first recorded evaluations carriecl out wi th red 

clover was that of \Vi 11 iams (924). WorJ<:ing wi tl1 5 early and 5 

late cultivars he showed that cutting 8 times at monthly intervals 

during the growing season reduced tl1e yield to below 50%, and 

cutting 4 times to below 70% of that given by a sing'le cut for hay. 

Variation among' cultivars in response to defoliation was higll, but 

the average reduction in yield for late cultivars (77%) was greater 

than for earlier cultivars (67%) under a 8-cut management. Under 

a 4-cut management the situation was reversed and late cultivars 

yielded more than the early ones. 

' .. 
! 

.. - .. ' .. ,.:- .... 
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Smith (1950) carried out a series of trials investigating 

the performance of red clover under various cutting regimes. Most 

of this work concentrated on the effect defoliation had on the 

level of root TAC and its relationship wi th the plants abi I i ty to 

survive mid-western winters in the U.S.A. General agronomic 

principles were established for the medium flowering varieties used 

in these tria 1 s and the c I ear message emerged tha t the optinrum time 

for cutting' in SlJIl1l1er was at ten percent flowering and this fitted 

in we II wi th the predominant use for red c lover in the U. S .A ... , that 

of hay conservation. Any defoliation in autumn had a detrimental 

effect on the life and productivity of the stand. Evaluations such 

as those by Griffin and Meche (1980), Hoveland et a1. (1981> have 

added I itt I e to the Imowl edge of red clover phys i 0 logy. 

In the United Kingdom the dominant use of red clover stands 

is conservation as silage (Frame et a1., 1974). The highly 

productive tetraploid red clovers are part icularly well sui ted to 

this use and a great deal of evaluation work has been undertaken in 

recent years ( Fr arne e t 8. 1., 1972; Hunt et a1., 197~; 1975; 

Aldrich, 1975; Young, 1984) which has established this. Tile root 

systems of tetraploid red clovers are greater than those of 

diploids (Chloupek, 1976), and this may result in more effective 

absorption of mineral elements (Anderson, 1973). The sugg'estion by 

Kostoff (1949) that increased root size may contribute to greater 

drought resistance has not, to the author's Imowleclge, been tested 

specifically. 
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Wright (1975), Dicldnson (1972), She 1 dr i cl{ e t al. (197 9) , 

McBra tney <198~" 1984), and J ,G~ Crowley have shown tetrap loid red 

clover to be both hig'her yielding and mope- persistent l.mder cutting 

than diploid varieties in the southern part of the United Kingdom, 

Northern Ireland and in Eire. The same general results are true for 

Central and Northern Europe (Ravantti, 1980; Multl1ina and 

I<hromova,1981; Uzik,1981; Witkows]{a et ai., 1981; Sheglov and 

Antonova, 1983). 

New Zealand agronomists are interested in red clover not 

only as a high quality feed for conservation but also as 

"finishing" feed for many classes of stock before slaughter. Thus 

a number of red clover evaluations have been done under grazing, 

and often inc 1 uded wi th a range of companion grasses 

(Hay et ai., 1977; Pineiro and Harris, 1978; Hay and Ryan, 1983; 

Cosgrove and Brougham, 1985; Ryan, unpub.). Evaluation work done 

earl ier throughout New Zealand under cutting had shown the 

superiority of the newly bred late flowering tetraploid variety 

Pmvera over the two diploid varieties in current use 

(Anderson, 1973; Harris et a1., 1973; Vartha and Clifford, 1978; 

P.J. Rlnnball, pers. COllIn.). 'The late flowering cultivar Turoa was 

found by Pookpakdi (1972) to be less sensi tive to defol iation due 

to its prostrate nature compared with the early flowering diploid 

Hamua. He sllggested that it was thus I il<ely to wi thstand intensive 

grazing rather better than would Hamua. 

Wi th the information avai lable to them at the time Spedding 

and Dielmlahns (1972) stated that tetraploids outyielcled cliploicls in 

the same flowering maturity groups by 15-40% and proved more .', -, 

persistent. They attributed this success to the resistance of 
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tetraploids to fungal diseases, especially clover rot (Scierotinia 

t l' i fa 1 i arlO'll) . This conclusion was quite rightly challenged by 

Frame (1976) who pointed out the superiori ty of tetraploids in 

disease free areas such as Scotland, Wales and New Zealand where 

there is undoubtedly a genetic component. 

There has been very 1 itt 1 e recent worl{, however, in 

isolating differences between diploids and tetraploids and early 

and late flowering red clover varieties in response to management. 

such work might lead to a greater understanding of the physiology 

of this plant, and enable management paclmges to be designed which 

could exploit any special attributes of the different types for 

particular circumstances. Bingefors and Ellerstrom (1964) (cited 

by Anderson (1973» discussed the effects of autl11lll1 cutting on 

persistence and have shown that progTessively later cutting in the 

autUlllll can reduce the regrowth of diploids to half that of the 

corresponding tetraploids in the follo~ving spring. Andersen (1973) 

used these findings to explain the poor spri[lg growth of the 

diploid late flowering variety compared with the tetraploid, where 

they were defoliated t11ree times in autul1m. Al though no 

measurements were tal{en, Anderson (1973) surmises that TAC reserves 

in the roots would have been more severely depleted in the diploid 

than the tetraploid because of the difference between th~n in root 

mass. 

Recently Laidlaw (1982) reviewed red clover production and 

management trials, identified the main problem areas, and outlined 

methods to obtain optimum productivity. Results from cutting 

trials show t11e general pattern that tetraploids are hig'her 

yielding than diploids, and late flowering varieties are more 
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persistent than early flowering ones. 
~~.:.-~ .• -;< . ..::-.-~ 

f~~~~~ 

2.6.3.2 Grazing 

Management studies of pure swards of red clover are 

comparatively rare in the literature because of the large resource 

involved in a replicated grazing trial. Grazing comparisons which 

are documented are usually confolmded by being grass/red clover 

associations, or if a pure sward, are designed to test an animal 

reaction, such as oestrogenic activity, bloat or live weight gain. 

Thus it is often very difficult or impossible to extract meaningful 

red clover plant information from these publ ications. In addi tion 

red clover has been traditionally regarded as a crop unsuitable for 

intensive grazing due to its erect growth habit (Frame, 1976), and 

low treading tolerance (Edmond, 1964; Moore and Laidlaw, 1930) 

Worl{ers in New Zealand have shown that repeated severe 

defoliations result in high loss of plant numbers, but with lax 

(50-70mn) and infrequent grazings, persistence and production are 

satisfactory <Brougham, 1959; 1960; Pineiro and Harris, 1978; 

Cosgrove and Brougham, 1985). Worl{ by Laidlaw (1983) has shown 

that sheep selectively graze red clover from mixed swards, 

especially at high stocl{ing rates. The author's observations over 

a number of trials concur with this finding. Pure swards of the 

tetraploid early flowering variety Norseman were found by Wi lman 

and Asiedu (1983) to have both stem and leaf tissue readily eaten 

in comparison to other legumes. They attribute this to its high 

proportion of green leaf, large leaves, high N content and fairly 

high digestibility. 
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In Czechoslova]\ia Kasper (1983) found the inclusion of red 

clover in sowing' mixtures boosted D.vl yield in the first t\vo years 

of the grazed pasture, particularly if tetraploid cultivars were 

used. Red clover was lost in the stands after 4-5 years which is 

the general experience in European countries (Frame, 1976). In New 
i 

that Pawera red clover contributed 35% of total SUl1mer Il\1 ~~Ij Zealand Hay et a1. (1977) showed, under rotational sheep grazing, 

production in .its fourth year from sowing. 

A three year trial recently completed at Gore, New Zealand 

m.L. Ryan, unpub.) compared cutting versus grazing with pure 

swards of four New Zealand cultivars of red clover (diploids and 

tetraploids of the two flowering groups, including the early 

flowering tetraploid "G 22") under three frequencies of defoliation 

during the growing season. He found all cultivars gave lower 

productivity under grazing but the late flowering tetraploid Pawera 

was the least affected. The diploid cultivars were adversely 

affected to a greater degree than the tetraploid cultivars with 

increasing frequency of cutting. By the third year under grazing 

the late flowering tetraploid was superior at all grazing 

frequencies except the most frequent where it was no different to 

the late flowering diploid, Grasslands Turoa. The early flowering 

diploid variety Grasslands Hamua was clearly the worst performed 

cultivar lmder grazing. 

In another trial at Gore, Hay and Ryan (unpub.) shO\\'ed that 

pure swards of the late flowering' variety, Pawera, were sensitive 

to multiple winter grazings in terms of early season growth, but 

that some compensation occurred in mid season, with frequent 

winter-grazed plots out yielding infrequent treatments at this time. 
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The product ion and pel's i stence of these s\vards over a three year 

period was adversely effected by gTazing in winter. No attempt was b~:~;~;~ 
made in that study to measure components of yield apart from plant 

I 
numbers per unit area. 

'I 

')~ 
I Ryan, unpub.) 

Other studies with Pawera under grazing at Gore <Hay and 

f~ have shown that the timing of winter grazing has a 

profotmd effect on the seasonal distribution of its growth. Where 

Pawera was hard grazed at the end of winter it produced 65% of its 

annual growth during December-February, and where it was grazed 

only at the start of winter, yielded 48% of its total U~ in 

September-November and 37% in December-Febr"uary (Mean yield of 

12 000 l~ U"Vl/ha for 2 years over both treatments). 

2.6.4 Stage Of Growth 

Winter hardiness varies with stag'e of growth. In studies by 

Aral<eri and Schmid (1949), a marl<ed decrease in the frost 

resistance of legumes was found shortly after the seed began to 

germinate. Good resistance was not regained until several true 

leaves had formed. Hardiness also decreases during the transition 

from the vegetative to the reproductive stage (Levitt, 1956). 

Under general field conditions winter injury is usually more 

serious in a sward composed of old plants t.han in a young sward. 

Smith (1964) attributes this to three factors. Firstly. old plants 

are I il<ely to be weal<ened by invasions of diseases and insects. 

Secondly, the fertility level of the soil under an old stand may be 

limiting in one or more nutrients, particlliarly where continuolls 

removal of herllag'e for conservation has been practised. Third, old 
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stands have lower plant populations than young stancls, and are thus 
-~S~"---:':i 

much more vulnerable to any ;:;udden "thinning out" of plants for any ::~~q 

reason. 

2.6.5 Growth Habit 

Differences in survival have been noted with plants of 

differing growth habit (Smith,1957). Previously Bird (1948) 

discovered that under the condi tions which prevai 1 at ~IacDonald 

College, Quebec,- growth habit and winter survival of red clover 

were definitely related. Further work at \Vi scons in 

(Smith, 1957; 1963; Therrien and Smith, 1960) showed red clover 

plants that flower during the year of sowing were more liJ{ely to be 

l<illed during the first winter than were the non-flowering ones. 

Prevention of flowering during the year of sowing by continued 

removal of flower buds, flowering stems, and/or elongating tillers 

resulted in increased vegetative vigour and better winter survival 

(Therrien and Smi th, 1960), as well as a 40 to 50% increase in 

amino acids (Wilding et a1., 1960). A study at Charlottetown, 

Prince Edward Island, (Choo, 1984) further conf i rrned that 

non-flowering plants survived the first winter better than 

flowering plants. 111US growth habit of red clover was fOlmd to be 

correlated with winter survival at all three locations. 

The reasons for the difference in winter survival between 

flowering and non-flowering groups are still not clear. It is 

unl il<ely that flowering plants perished from low levels of reserve 

elements as the flowering plants were reported to have larger 

roots, a larger CrO\ID rosette, and a slightly higher percentage of 

total available carbohydrates in the roots than non-flowering 



plants (Smi th, 1957). In a case where flowering plGnts were found 

to have lower total avai lable carbohydrat8s, they were "tde to 

survive as long, and grow as much in the dark, as non-f:owering 

plants U,endall and Hollowell, lD5D). It is quite possible that 

flowering plants differ from non-flowering plants in ,,,etauol ic 

rates and pathways in the same manner as that reported between 

winter-hardy and non Winter-hardy varieties of red clover 

(Greathouse and Stuart, 1937) 

2.6.6 Pests And Diseases 

A great number of fungi, viruses and insects attack red 

clover, the ones of greatest economic importance are discussed 

here. 

2.6.6.1 Fungi 

By far the most important fUngal disease in Europe affecting 

red clover is Sclerotinia rot, Sclerotinia trifoliol'lln. The 

di sease is hTlown by a nl.llllber of cOllman names such as Sc 1 erot in i a 

root and crO"'ill rot, Sclerotina wi 1 t. root rot, clover rot. clover 

canker, stem canker, collar rot and blacl; patch, depending on which 

of the many symptoms is most apparent (O'Rourl<e, 1976), In England 

it is recorded as one of the most serious diseases of forage 

legtrnes (SampSOn and Western, 1954). A survey by Lester and 

Large (1958) showed that the disease was present in 70% of fields 

examined. 
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The disease appears in late autumn and is favoured by warm 

humid conditions at this time. iVIycelitnn arising from minute (less 

than 1m11 diameter) ascospores grow rapidly tl1rough leaf tissue 
.I, 

which becomes discoloured and withers. Under favourable conditions 

rapid destruction of the leaves, stems and roots takes place. 

Patches of affected clover may show a white funga 1 lrryce 1 i tnn 

spreading from plant to plant (Loveless, 1951). The fungus 

produces sclerotia on the crowns and lower portions of killed 

plants during winter and early spring. Apothecia are produced from 

the sclerotia during the following autumn. Although ascopore 

infection is the principal method by which the fungus spreads, 

there is evidence from Scandinavia that infection may also 

originate from a mycelium produced directly from sclerotia in the 

soil (Frandsen, 1946 cited inO'Rourl{e, 1976). 

Clover cultivars differ marl{edly in their susceptibility to 

Sclerotinia rot and this provides a useful basis for disease 

resistance breeding progral11~les. In red clover most tetraploid 

cultivars show resistance to the disease (Dixon and Doodson, 1974), 

as do some introductions from North Africa (Bond and 

Toynbee-Clarl{e, 1967; Anderson, 1970). 

Grazing or cutting of clover swards in autumn appears to 

reduce disease incidence, presumably by reducing the amount of 

host-plant material on which the fung'us prol iferates and exposing 

it to the desiccating effects of sun and frost (Loveless, 1951; 

Lester and Large, 1958). Unfortunately this treatment may also 

result in stand losses (Carr, 1971) as discussed earlier (2.6.3). 
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Another important fungal disease of red clover is the 

FusarilnTI root rot complex which is a mixture of many Fusaz'ium 

species, particularly F. oxysporum Schlecht., F. 1'oseum Lic.k, and 

F. solani (Mart.) Appel and Wallr., in combination wi th a wide 

range of C01ll110n and apparent ly nonpathogenic fungi such as 

Penic i 11 ium, Alternaria, Trichoderma, 1I1ucor and Aspergillus species 

(O'Rourke, 1976). ll1is root rot complex is a major factor 1 imi ting 

the productivJty and stand maintenance of forage legtnnes in many 

parts of the world. In certain regions of the U.S.A. and Canada 

it has been recognised as a serious problem for over 60 years 

(Fergus and Hollowell, 1960). 

A distinctive feature of the Fusarium root rot complex is 

that although the Fusarium species involved may be parasitic in the 

roots from the seedling stage onwards, they do not appear to become 

actively pathogenic until the host plant is subjected t.o seme form 

of stress. These stresses can take the form of frequent cutting, 

major nutrient deficiency (particularly potash), insect injury to 

the roots, and infection with leaf-spotting fungi, nematcdes or 

viruses (Graham and Newton, 1959; O'Rourl{e and Millar, 1966; 

Siddiqui et a1., 1968). ll1US it is unlikely that a successgul 

breeding progranrne can be mounted because of the extreme variation 

in the causal organisms and the dependence of dfsease development 

on many stress factors, al though some l..mderstand ing of 

host-pathogen variability is slowly being obtained in red clover 

(Pederson et a1., 1980). 

2.6.6.2 Viruses 
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In a survey of permanent pastures in the southern half of 

Britain Varma and Gibbs (1967) identified 5 virus diseases in red 

clovers, none of which appeared to be very damaging. The most 

corrmon of them were aphid transmi ttedj these were pea mosaic, and 

red clover vein mosaic. Others included white clover mosaic and 

alfalfa mosaic viruses. 

In the stUm1ers of 1976 and 1977 outbreaks of red clover 

necrotic mosaic virus occurred in trials at Auchincruive 

(Frame, 1976), the Welsh Plant Breeding Station OWBS) at Plas 

Gogerddan (Scott, 1978), and at the National Institute of Botany 

mIAB) at Cambridge m.T.A. Aldrich, pers. comD.). TWo of these 

trials were discontinued but the one at WPBS was allowed to proceed 

and gave the following information. The variety Hungaropoly 

(Agrimpex) was the most severely affected in terms of D.\l yield. 

Aa 22 (WPBS) which is a selection from Hungaropoly for increased 

per~istency, and the variety Redhead (Van der Have) \vere also 

adversely affect.ed. All these varieties are early flowering 

tetraploids. The late flowering WPBS varieties S123, Aled and 

Astra had extremely low rates of infection. Varieties with high 

levels of infection suffered severe winter l{ill (Scott, 1979). 

An interesting disease which is occasionally found on red 

clover is phyllody which was thought until recently t.o be caused by 

a virus but is now known to be caused by Mycoplasma species 

( Sinha, 1974). Leafhoppers (family Jassidae) were identified 

(Frazier and Posnette, 1956) as the transmitting agents of this 

disease which causes the inflorescences to be t.ransformed into 

leafy structures that. usually fail to set seed. 

~~~-~.~-;<-~~~.;~: 
t-:~';:~~·\"';=::~~;j 
r_-r:.~-:-::::""Y..~ 
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2.6.6.3 Nematodes 

Nematodes which affect herbage legume growth have been 

reviewed by Coo)< and Yor)< (1980). There is only one which is of 

major concern to red clover and that is stem nematode (Dityfenchus 

dipsacil which occurs in most areas where red clover and lucerne 

are widely grown. The nematode infects stems, leaves and flowers 

causing swelling and stunting of plants. Seedlings and even older 

plants can be killed. As new sowings can be infested by seed-borne 

contamination Frame (1976) suggests that legislation making 

fumigation of all seed compulsory would be beneficial in 

controlling its spread. 

Tetraploid red clover varieties. which usually have a good 

resistance to Sclerotinia rot often have a low resistance to stem 

nematode. Thus in Europe, and the U.K. particularly, there is 

great emphasis on resistance to these two factors with breeding and 

testing of red clover varieties (Aldrich, 1975), whereas in the 

U.S.S.R. stem nematode, scorch, J(abatiella caulivora (l{irchn.) 

Karak., and winter hardiness are regarded as being most important 

(Putsa, 1980; Nagibin and L'vova, 1981). In North America the 

important factors tested for are anthacrose, Co 1 f e tot rich um 

trifolii Bain and Essary, in the south and cold hardiness, and 

scorch in the mid west and northern regions (Schoen and 

Payne, 1984). 

2.6.6.4 Insec{s 
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Comnonly in the U.S.A. and occasionally in the U.K. clamag'e 

is caused to red clover crops by weevils (Sitona species). The f~~iJji 
, 

adult weevil feeds on the leaves, and the larvae of these insects 

feed on the roots (Fergus and Hollowell, 1960). Various species of 

slugs cause damage to red clover swards, actively feeding from 

spring until autumn and causing signigicant damage in mild humid 

years (Ferro, 1976). ll1ese include Limax, Agriolimax and Arion 

species. White and French (1968) report that occasionally both 

spring and autunm growth of clovers can be destroyed by 

leatherjackets (Tipula species). 

2.6.6.5 Other Pests 

Wood pigeons can cause severe damage in localized areas of 

the U.K. to red clover crops (Spedding and Dielanahns, 1972). The 

author has observed their damage in some crops in Wales. 

2 . 7 QUALITI 

In his review Rogers (1975) states that legumes for forage 

should be evaluated in terms of animal productivity and 

profitability, both measures being related to the yield and quality 

of the crop. The problem facing the plant breeder is to define the 

combination of plant characters which produce the optimum balance 

between yield and quality. The yardsticl{s for evaluation, however, 

are still ffil yield and disease resistance. Where crops are 

ut iii sed for the i r vege ta t i ve parts, increas ing DVI produc t ion 

usually affects quality components adversely in that the lignin and 

fibre fract.ions are increased at the expense of protein. In 

add it ion comp Ii ca t ions exi s t in the in ter-re I at i onsh i ps be tween 
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qua Ii ty components, and the re la ti onshi p between qual i ty and yi e let 

differs between harvests within, and between years, as will be 

shown later in this section. 

In their reviews on legume feed quality 

Thomson 0977; 1978), Ulyatt et a1. (977) and Campling (984) are 

in agreement that qual i ty is determined by intake and· nutri tive 

value, and that nutritive value of a diet depends on the proportion 

of nutrients digested (digestibi 1 i ty). and on the eff iciency wi th 

which these digested nutrients are absorbed and utilised within the 

animals' tissues. They stress that the main advantage of forage 

legl.Unes is their higher voluntary intal{e compared with grass'es of 

similar digestibility. Coupled with this are the higher protein 

level of legl.llnes, and a higher ratio of protein/non-protein energy 

absorbed. This higher efficiency of conversion from plant protein 

to live weight gain is associated both with the more easi'ly 

metabolisable form the plant protein is in, compared with grasses 

(M.J. Ulyatt, pers. comn.) , and its mechanical breakdown in the 

rumen which increases the flow of nutrients in the reticulo-rumen 

and allows for a higher level of digestion post-ruminally OIoseley 

and Jones, 1979). High stomach ni trog'en digest ion is undesirable 

because it is larg'ely lost to the animal as arrmonia 

(Ulyatt et al., 1977). 

Leg'umes grown and grazed at an inma ture stage of growth are 

usually oE hig'h apparent digestibility; between 75 and 85%. 

However, the in vi tl'O di ges t i bi Ii ty decreases as the pi ant s mature 

(Davies et aJ., 1866; Collins,1983; Ohhara et ai., 1983; Copeman 

and YOlmie, 1981). TI1e decl ine was I110re severe wi th the tall 

grgwing forage species such as red clover, because of increasing 
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proportions of stem with advancing maturity. 

Further information <Davies et al., 1967) revealed that in 

vitl'odigestitlility levels fell during the season when harvested at 

the same maturity stage, and in addition there were differences in 

percentage in vitro digestilJility between the years the trial was 

run. The predicted value of in vitro digestibility of red clover 

was improved by including both percentage nitrogen of the herbage 

cut, and the date cut, in multiple regression equa t ions. 

Statistical tests showed that both factors contributed about 

equally to the regression. Copeman and Younie (1981) report that 5 

cuts per season compared to 3 gave a slight increase in 

digestibility, but there was a large concomitant reduction in total 

yield. 

Reviewing world-wide work Thomson (1978) showed that in the 

absence of a limitation on food supply and because of the reasons 

stated above, sheep grazing on white clover had, on average, 65% 

higher live weight gains than animals offered grass. Recent trials 

in New Zealand have shown sheep grazing red clover swards had 1 ive 

weight gains ranging between 78 and 85% of those grazing whi te 

clover ( J agusch eta 1 . , 1981; John and Lancashire, 1981) . Many 

other worl{ers have shown gains in sheep and beef 1 i ve we i ght from 

the inclusion of red clover in the forage diet (Mackie and 

Copeman, 1976; Palmertree et 81., 1980; Reed et a1. 1980; 

Holloway et a1., 1982; Rojas and Gransotto, 1983). 

In grazing trials conducted in New Zealand Brookes and 

Wi Ison (983) fotmd no difference in mi lk production in spring from 

cows grazing pure swards of the tetraploid late flowering variety 



33 

Grasslands Pawera, the early flowering diploid variety Grasslands 

Hamua, and a perennial ryegrass/white clover mixture. In sumner, 

however, milk production was significantly higher on the Hamua 

sward, and in autllfnn clai ly production of mi 11(, fat, and protein 

were significantly lower for the ryeg-rass/white clover pasture than 

for either of the red clover swards. 

In a series of studies at Dijon, France it was established 

tha t da i ry goa t s produced high I eve 1 s of mi ll( when fed red c lover 

lmder a zero grazing system. This was related to higher intake and 

higher ret iculo-rumen throug'hput compared wi th other forages 

(Masson and Decaen, 1980; Masson and de Simiane I 1982; 

Masson et a1., 1983). The use of red clover for hay and silage 

will not be discussed in detail. It is covered extensively in the 

reviews of Fergus and Hollowell (1960) and Frame (1976) I and by the 

work of Ribeiro (1978) I Smi th et 81. <1981> I Thomas et a1. <1981> I 

Collins (1983) and Syrjala-Qvist et a1. (1984). 

2.8 GENJIYPE X ENVIRCNVIENT INfERACI,'ICl'1S 

In plant breeding programnes, many potential genotypes are 

usually evaluated in different environments (locations and years) 

before selecting certain desirable genotypes. For quantititive 

trials stIch as yield, the relative performance of different 

g'enotypes often varies from one environment· to another; i.e. a 

genotype x environment (G x E) interaction exists. 

Such statistical interaction results from changes in the 

relative ranldng of the genotypes or changes in the magni tudes of 

differences between genotypes from one environment to another 
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(Nguyen eta 1 ., 1980). Changes in ranldngmal{e it difficult for 

the plant breeder to decide which genotypes should be selected. 

Progress from selection is also reduced due to the effect of a 

large a x E interaction, as shown statistically by Comstocl{ and 

Mo 1 1 Cl 96 3) . 

Varying attempts have been made to solve the problems 

created by axE interactions. Sprague and Federer (1951), 

Comstocl( and Robinson Cl952), Hanson et a1. Cl956), and Comstock 

and Moll (1963) may be cited as being chiefly responsible for 

developing the analysis of variance approach to estimate G x E 

interactions. These estimates provided information on the 

existence and magni tude of ax E interactions, but they gave no 

measurement of the response of individual genotypes with the 

environment and therefore, no measurement of stability of the 

individual genotypes tested (Nguyen et a1., 1980). 

An early attempt to measure the stability of individual 

cui t ivaI's was made by Plaisted and Peterson (1959), but this 

method, whch required a combined analysis of variance for each pair 

of cuI tivars, was very cumbersome when large numbers of cuI tivars 

were tested. Recently, interest has focused on the regression 

analysis. This approach was originally proposed by Yates and 

Cochran ClnS) and was later modified by Finlay and 

Willdnson (1963) and Eberhart and Russe 11 Cl966). In the 

Eberhart-Russell model, the performance of individual genotypes 

were regressed on an environmental index measured by the mean 

performance of all genotypes grown in an environment. 111e 

regression provides two stability parameters, namely the linear 

regression coefficient and deviation from regression mean square. 
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This analysis has been widely used in comparing and rr.easuring 

genotypic performance in various enviromnents, particularly of 

different annual crops. (Rasmusson and Lambert, 1961; 

Liang et a1., 1966; Shorter et a.1., 1977; Funnah and Mal{, 1980; 

Riggs et a1., 1980; Singh, 1980). 

It was not until Breese (969) evaluated the stability of 

forage grasses, and fOl..md that the interact ion wi th environment 

could be explained by differences between linear responses as 

estimated by the regressions, that this technique was appl ied in 

any large measure to perennial forage crops (Nguyen et a1., 1980; 

Gray, 1982; Choo et a1., 1984). Breese (1969) also concluded that 

a stability concept must include a measure of deviations from 

regression as proposed by Eberhart and Russell (1966). A colleague 

at the \\IPBS extended the concepts of Breese as a challenge for 

plant breeding (Hill, 1975). 

In their review of quant i tive genetics Moll and 

Stuber (1974) claim that worl{ers in the past may have been deterred 
.-:- ----.:--, 

in the study of G x E concepts because they were too concerned with 

the ident if ication of individua I componen ts of the envi ronment. 

The reminder from Breese (969) that the phenotype is the product 

of the genotype and its environment is timely, as it suggests that 

it is just as appropriate to qual ify an envirorUllent by its mean 

expression over a rang'e of genotypes as it is to measure a genotype 

by its mean expression over a range of genotypes. We certainly 

cannot specify all the underlying biochemical and physiological 

processes that characterise a genotype. 111erefore, the fact that 

we are unable to specify all the factors that contribute to an 

environmental expression should not be a deterrent to our study of 
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quan tit a t i ve trai ts and their relationships to enviromnenta1 

conditions ([\1011 and Stuber, 1974). 

2.9 MULTIVARIATE TECHNIQUES 

2.9.1 Discrimination 

Srivastava and Carter (1983) define discriminant analysis as 

a procedure for obtaining weightings of variables to discriminate 

between populations. New cases (in this study plants) can then be 

appropriately classified into one or other of the populations. 

This should be done in some optimal sense, by maldng as few 

mistakes as possible, or minimising the cost of any such mistakes 

(Kendall, 1975). 

The first clear statement of the discrimination problem was 

given by Fisher (1936) when he was asl{ed to classify sl{eletal 

remains. He introduced the discriminant function for 

distinguishing between two mul tivariate normal distributions wi th a 

COl1l110n covariance matrix. More recently discriminant analysis has 

been used to solve various geological problems. Greenwood (1969) 

and Upchurch (972), for example, have used it to differentiate 

e f f ec ti ve I y between various environments of deposition, and 

Howarth (1971> and Hawkins and Rasmussen (973) have used the 

teclmique to classify rocl{ units according to chemical parameters. 

:'.Iore recently sti 11, Moiola et 81. (974) achieved sig'nificant 

results discriminating between sand fractions in beach, inland 

dune, coastal dune, and river depositional environments. 
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There has also been use made of discriminant analysis by 

pedolog'ists, but it has been limited because pedological data are 

often too variable, and sample sizes too small, for reliable 

quantitative testing (Paton and Little, 1974; Pavl il< and 

Hole, 1977; Berg, 1980). 

The method of stepwise discriminant analysis used in the 

author's study is outlined in more detail in Chapter 3, and is the 

statistical package described by Dixon (1975). After a set of 

variables is found that provides adequate discrimination for 

observations in known groups, each observation is given a 

probability of belonging to each group. The stepwise technique 

defines the coefficients of a discriminant fl.mction formed in such 

a way as to maximise the separation of the groups. The 

mathematical objective of discriminant analysis is to weigh and 

combine the discriminatory variable so that the groups are forced 

to be distinct. TI1e detailed mathematical treatment of the 

discriminant fl.mction is beyond the scope of this review and is, 

therefore, not presented, but it can be fOl.md in numerous 

references, including Anderson (1958), Miller 

Dixon (1975), and Kendall (1975). While the 

anci Kahn (1962), 

major use for 

discriminant analysis \vill continue to be in the area of social 

science and medicine <Dixon, 1975; Kendall, 1975), there are recent 

indications that it may be extremely useful in the classification 

plant species (Morr i son, 1977; Srivastava and of very simi 1 ar 

Carter, 1983). In this study the author wi 11 attempt to use this 

only to define the morphological factors which 

different varieties of red clover, but also to 

technique not 

classify the 

identify the variables most sensitive to management which allow 
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classification across varieties into management groups. 

2.9.2 MUltiple Regression 

The technique of regressing two or more independent 

variables (X) to give more information about Y by means of multiple 

regression, has been used in agriculture for some time (where Y is 

the harvested yield and X are the components of yield or the 

factors influehcing that yield). Snedecor and Cochran (1967) 

define the principal uses of multiple regression to be:-

1) constructing an equation in the variables that gives the 

best prediction of the values of Y. 

2) when there are many variables, finding the subset that 

gives the best linear prediction equation. 

3) to discover which variables are related to Y, and, if 

possible, to rate these variables in order of their importance. 

Where multiple regression is used in this study information will be 

gained from aspects of all three of the above. 

It is not intended to give a detailed mathematical 

description of multiple regression analysis as this can be found in 

nunerous publications including Williams (1959), Draper and 

Smith (1966) and Snedecor and Cochran (1967), while the details of 

the stepwise multiple regression computer progrmm1e used are 

described by Dixon (1975). 

F~ 
" , 

: ~ -.,' , - - < •• 
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aJITING '!RIAL 

3.1 AIM) 

To investigate to what extent various defol iation regimes 

effect subsequent regrowth of a range of red clover varieties when 

grown as pure swards, and to identify the plant factors most 

sensitive to the defoliation regimes imposed, and to attempt to 

quantify the influence of these, and variety differences, on any 

subsequen t dec line in DYl produc ti on . 

3.2 INlRCDUCfICN 

I twas surpr ising to note that in the i r 70 " page revi ew of 
~ ! 

red clover, Fergus and Hollowell (1960) devoted just one page to 

the management of established stands, especially since the main 

thrust of their paper purported to be a stmmation of all the 

Imowledge of why red clover stands persisted for only two years. 

With the advent of the longer lived tetraploid red clovers new 
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interest was generated in red clover research and 

Hunt et a1. (1975) referred to the fall in yield of red clover 

varieties in the third year and posed the question as to whether 

this fall could be modified by management practices. Davies (1974) 

showed that red clover yields were strongly affected by year to 

year climatic conditions and suggested that management could either 

maximise or minimise these fluctuations but stated that optimtn11 

management, particularly in autumn, had yet to be quantified. 

Qenotype-environment interaction analysis evolved from the 

English biometrician Sir R.A. Fisher who argued against the 

prevailing school of thought in the 1920's, and proposed that large 

and complex experiments, in which all combinations of the several 

factors were evaluated simultaneously, had a higher efficiency than 

simple experiments. Having laid the foundations for the design and 

analysis of field experiments, Fisher left the detailed development 

to others, rumongst whom Sprague and Federer (1951), Comstock and 

Robinson (1952), Hanson et a1. (1956) and Comstock and Moll (1963) 

may be chiefly responsible for using the analysis of variance to '.;-:- -.--

investi gate genotype x envi ronment interact ions. However it was 

left to Breese (1969) to produce the definitive paper on the 

measurement and significance of genotype x environment 

interactions. In it he mal{es the point that herbage plants are 

grown under very different soil conditions, wi th varying 

managements, and are normally successively harvested throughout 
I· '.' ~_'.' -:. :-". ", 

different seasons and over a number of years. 111ese must all be 

considered as part of the environmental effects with which the 

populations interact during their growth. Breese (1969) argues, 
_ .. ".-.--;--
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along with Finlay and Wilkinson (1963) that a complex list of 

genotype x environment factor interactions from an analysis of 

variance, all of which may be significant, can be transformed into 

an orderly series of linear, and hence predictable, responses using 

regression techniques. The major part of the population x 

environment variance can be explained by differences bet~veen the 

slopes of linear regressions. 

A recent study by Choo et al. (1984) on cultivar-environment 

interactions in 12 red clover cultivars using the above techniques 

allowed them to identify 4 desirable cultivars and to distinguish 

differences bet~veen early and late flowering varieties. Genotype x 

environment regression analyses will be used on data from this 

trial to help quantify responses by the 4 varieties to the 

d iff eren t managements imposed upon them . The GxE progrann1e used 

was the same as that used by Stewart (1979). 

Multivariate analysis techniques were also developed by 

Fisher (1936), and wi th careful appl ication to specific tasl{s can 

be used, in the case of discriminant analysis, to classify two or 

more populations by various sets of measurements or observations as 

described in Chapter 2. By using stepwise mUltivariate 

discriminant analysis an attempt will be made to identify the 

components of yield most sensi t ive to the autunm defol iat ion 

treatments for each variety. Stepwise mul tiple regression analysis 

will test the amolmt of variation in ill] yield that can be explained 

from the best fi t models produced by this analytical technique, 

using the components of yield data as variables. 

~: ~::£-:<;:::~:::j 
~::~~-=~ 
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Al though some work has been clone investigating mineral 

nutrient levels in red clover (Davies et al., 1966; 

Davies, et a1., 1967; Rogers, 1971; Hlmt et a1., 1976), little work 

has been done to establish whether there are any differences 

between early and late flowering varieties or between the ploidy 

levels within these groups. 

3 . 3 EXPffiIMlNfAL [Wo.""TfUDS 

3.3.1 Tri a1 Site 

The field site Cae David Lloyd was west-facing with a slope 

of approximately 10 and was a mixture of 2 soil complexes, the 

series of which are well mixed from years of cu I ti va t i on 

(Rudeforth, 1970; Wright, 1983). 

(a) Powys series - mudstone, shale and sandstone rock 

(b) Denbigh series - yellowish or strong brown, stony clay 

loam or silty clay loam over solid rock containing mUdstone and 

sandstone. Typical brown earth soil 

(c) Cegin series - grey silty clay loam to clay, often with 

permanent matt I ing and conta ining mUdstone and sandstone. 

3.3.2 Experimental Design And Treatments 

A 4 x 4 factorial experiment was laid out in four randomised 

blocks. Each plot measured 6 x 1.5m. The red clover varieties and 

autumn/winter manag'ement treatments were as follows: 

Vari eti es 

E2n (early flowering diploid red clover) - Sabtoron 
E-In (early flowering tetraploid red clover) - Norseman 



L2n (late flowering diploid red clover) - 8123 
L4n (late flowering tetrapoid red clover) - Astra 

Management 

uncut from end August 
cut September to 50mm 
cut September and November to 50nm 
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(a) AutUl1ll winter Ml 
M2 
M3 
M4 cut September, November and January to 50rrm 

(b) Spring/sunnler - 3 cuts to simulate si lage harvests on late 
Nilly, early July and late August. All 
treatments receive these. 

The trial ran for three harvest years. 

3.3.3 Procedure 

Spring applications of 500 kg/ha of 25% potassic 

superphosphate together wi th 5000 l<g/ha of 1 ime were worl<ed into 

the soil before the scarified red clover seed was hand sown onto 

the plots on 2 June 1978 (see Plate 1). The plots were lightly 

raked and then rolled. The 1000 seed weight and germination 

percentage shown in Table 3.1 were used to adjust the seeding rate 

to that equivalent to 9 kg/ha of viable S123 seed. 

Eight weeks after sowing the plots were cut wi th a sicl<le 

bar mower at a height of 70nnl and the herbage removed. On 16 

August the plots were again cut by the same method, and two days 

later the trial was sprayed with paraquat (Gramoxone) at a rate 

which applied 0.3 l<g aL/ha to control grass weeds, principally Poa 

annua. other annual broadleaf weeds which appeared after sowing 

had disappeared after the August cut. The management treatments 

were imposed from this time. 

l·;,~·:·',·;c; 
!~.::;::':;;:J 
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Tab 1 e 3.1 1000 i;;;eed we i gh ts and 6 iday germination 
percentages of the 4 red clover varieties. 

1000 seed wt. (g) % germination 

Variety E2n 1. 995 87 
E4n 2.928 94 
L2n 1.930 91 
L4n 3.581 87 
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Plate 1 View of the cutting trial site, Cae David Ll oyd, 
a t sowing 2 June 1978 . 

Plate 2 Metre square quadrat placed over permanent pegs 
to faci I i tate plant manber counts . 
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350 I{g/ha of 25% potassic superphosphate was appl ied each 

spring in the following two years. 

3.3.4 Measurements 

Inmediately following sowing, two lni areas per plot were 

l~;j:~~;;~~ 
i~~~~ 

marked out with pennanent pegs to enable the subsequent location 
i-:·~~7_--=-?'.-:~: 

and accurate placement of a ni frame which was subdivided by string 

to facilitate easier plant number counts (see Plate 2). Later it 

was fOlmd necessary to paint the peg tops with a bright colour to 

enable easier location. The pegs were driven in below mowing 

height, (about 10nnl above the ground) . Germina t i on and 

establ ishment counts were taken 4 and 8 weel{s after sowing and then 

plant counts were taken 4 days after each harvest. 

Dry matter measurements were tal(en from a metre-wide central 

strip in each plot after 0.5m from each end of the plots had been 

cut and removed to minimise border effects. The length of each 

plot was measured following cutting to determine accurately the 

area of herbage harvested. After weighing of fresh herbag'e, 

subsamples were taken for percentage IM determinations and ground 

for chemical analysis. Percentage composition of K, Ca, i'vlg, and Na 

were determined on a IM basis using an atomic absorbtion 

spectrometer, while percentage nitrogen was determined by a 

standard Kjeldahl method. IM digestibility on a percentage basis 

was determined using the enzyme pepsin-cellulase technique 

developed by the Chemistry Department at the WPBS (Jones and 

Hayward, 1983). a modification of that proposed by 

Terry eta J. (1978). 
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Because there was very litt.le herbage in the M3 and M4 

treatments at the November and January samplings these plots were 

cut by hand shears using six O. 093nr quadrats thrown randomly in 

the plots. 

One week before the first two spring/sUl11l1er 

(silage-simulation) harvests, 25 basal (primary) shoots were 

removed at random from each plot (100 per treatment), and detailed 

morphological measurements recorded. These included petiole 

length, primary leaflet length and width on the second fully 

expanded leaf from the growing point, leaf nmnber, and stem length 

and width. The leaves and petioles were separated from the stems 

and both dried separately for 12 hours at 90°C to enable D.VI values 

to be obtained. 

Plate 3 gives a view of part of the trial in September two 

wee]{s after the third spring/surrmer harvest. The plots in the 

foreground are those of the late flowering diploid. 

3.4 RESULTS 

3.4.1 Meteorological Information For Trial Period 

A British Meteorological Service recording station was 

situated approximately 1000 metres west of the trial site. 

Appendix 3.1 gives a slmmary of the climate conditions experienced 

for the duration of the trial and Tables (a) t.o (d) in this 

Appendix present the recorded meteorlogical data for this period. 

, ' 
Ii' 
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Plate 3 View of trial in autumn 1978 showing two treatments 
(Ml and M3) of the diploid early flowering variety 
in the foreground. 

48 



49 

Generally establishment conditions were excellent wi th 
1·----·--·. 

adequate rainfall and warm soil temperatures (mean of 15.-i°C for ~~E~~~~ 
months of Jtme, July and August 1978). However the coldest winter , 

i -

for 16 years meant a slow start to spring growth, and this coupled 

with below average temperatures in May 1979 delayed the first 

spring/summer harvest by one week. 

3.4.2 PI ant Nunbers 

Germination and establishment over the trial was uniform 

although there was a higher field viability of diploid compared 

with tetraploid seed (Table 3.2). Subsequent measurements showed a 

quite rapid thinning out of the tetraploid varieties to below 

100 plants/m~ and it would appear that the thinning out wi thin the 

tetraploids started earlier than the first measurement of 4 weel{s. 

To gain a clearer overall picture of how the autullll1/winter 

management regimes affected plant numbers of each variety, the 

counting dates and managements can be regarded as different 

environments and a population x environment regression analysis 

applied (Breese, 1969) using the computer programlle developed by 

stewart <1979>. Figure 3.1 shows the diploids, especially the late 

flowering, to have higher plant mnnbers at initial counting dates 

and managements than the tetraploids, but the diploids were more 

strongly effected in terms of plant mDllbers by the later counting 

dates as demonstrated by their slopes being significantly greater 

than 1.0 (E2n, b=1.06+/-0.03; L2n, b=1.43+/-0.04) and the 

tetraploids having regression slopes significantly less than 1.0 

(E4n, b=0.71+/-0.04; L4n. b=0.81+/-0.02). 



Table 3.2 Germination and establishment counts 
(plants/ni) of red clover varieties 
28 and 56 days from sowing (mean of 
ten 0.1 ni quadrats). 

Days from Sowing 

28 56 

Variety E2n 293 169 
E4n 212 118 
L2n 302 173 
L4n 148 106 

LSD 5% 17 10 

Table 3.3 UYl production (){g/ha) obtained from the autUl1U1 
defoliated treatments for three years over the 
autUl1U1/winter period. 

Sept Nov , ( Dec 

Management Variety: Yr1 Yr2 Yr3 : Yr1 Yr2 Yr3 : Yr1 Yr2 Yr3 
---------------------+--------------+-------------+------------
M2 E2n 976 204 358 

E4n 1015 277 307 
L2n 560 94 54 
L4n 784 272 197 

---------------------+--------------+-------------+------------
LSD 5% 96 62 154 : 
---------------------+--------------+-------------+------------
M3 E2n 982 185 114 655~463;215 

E4n 992 262 262 934,635 100 
L2n 591 111 92 637 535 11 
L4n : 890 281 153 \ 716( 412, 46 \ 

--~------------------+--------------+--------~----+------------
LSD 5% 96 62 154 : 164 158 83 : 
---------------------+--------------+-------------+------------
M4 E2n 1048 204 122 647 598 63 69 101 85 

E4n 965 289 281 782 474 85 84 159 128 
L2n 623 130 73 499414 45 64 98 12 
L4n 898 270 240 741 457 104 78 84 44 

---------------------+--------------+-------------+------------
LSD 5% 96 62 154 : 164 158 ns: ns 54 82 
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125 

Figure 3.1 Regressions of individual varieties on mean plant numbers 

from 7 samplings over 3 years. , E2n, b = 1.06 ± 0.03 

(r ~ = 0.98 * * :t:): _ __, E 4 n. b = 0.7 1 ± 0.04 (r' l = 0.94 :f: :I: *): 

..... ,. , L2n, b = 1.43 ± 0.04 (r 2 = 0.98 * * *):- - - - -, L4n 

b = 0.81 ± 0.02 (r1 = 0.98 *' * *). 
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At the last sampling in Year 3, which had an environmental 

mean across the four managements of 28.2 pI ants/rrr, the four 

varieties were very little different to each other. In the autUlm 

and winter prior to the third harvest year a severe outbreak of 

Sclerotinia tl'ifoliorwn reduced plant nUlllbers by 50% and this was 

reflected in n~ yields (Tables 3.6 and 3.9). Prior to this there 

was an indication that the later flowering varieties in each of the 

ploidy groups. were maintaining higher plant numbers per unit area 

compared with the early flowering. 

3.4.3 Dry Matter Yield 

3.4.3.1 AutUlm/Winter Production 

n~ yields for each of the three auttmm/winter harvests are 

presented in Table 3.3. The daylength-controlled cool-season 

dormancy of the late flowering varieties is apparent even at the 

September harvest. The tetraploids in each flowering class 

generally produced more than the diploids. The results for the 

third winter were variable and yields were depressed, especially at 

the November harvest compared with the other years due to the 

presence of Sclel'otinia trifoliorwn. 

3.4.3.2 Spring/Summer Production 

From the 3 spring/sumler cuts in the first harvest year, 

variety L2n was shmvn to be lower yielding than the other varieties 

while managements were different and in the order M1>M2>M3=M4 

(P<O.05) (Table 3.4). Although significant differences were 

::.:.:::-::7~::~ 
":':~~ 
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obtained bet\veen most harvests in the three years, only combined 

totals for each year are presented for clarity (Tables 3.4-3.6). 

There were considerable differences in the way varieties responded 

to the previous auturm/winter managements in each year. This 

effect showed up as significant management x variety interactions. 

The late flowering varieties were much less effected by management 

compared with the early flowering ones, giving rise to the highly 

significant variety x management interaction. 

To identify at which of the 3 harvests the maximum effect of 

the auturrm/winter managements occurred, each cut was analysed using 

GxE regression analysis (Breese, 1969 and Hill, 1975). Year totals 

can cancel out any cut by cut fluctuations (Appendix Figure 3.1) 

and examination of harvest data showed this to be the case. As Il\1 

data from the 3 harvests each contained significant managen~nt x 

variety interactions it was considered appropriate to analyse each 

harvest using G x E regression analysis. 

Figure 3.2 shows how the early flowering varieties have been 

affected by defoliation in the auturrm/winter at the first 

spring/sumler harvest in early June. E2n and E4n have regression 

coefficients (slopes) of b=1. 51 +/-0.31 and b=1.47+/-0.23 

respectively, while L2n and L4n have slopes significantly less than 

1.0, of b=0.57+/-0.12 and b=0.45+/-0.06 respectively. 'TI1US the DVI 

production of late flowering varieties are not so greatly effected 

by previous auturm/winter manag'ement as those of the early 

flowering varieties at this harvest. 



Table 3.4 DVl production (kg/ha) from the 3 silage cuts in 
spring/summer for first harvest year. 

Variety Management 

M1 M2 M3 M4 :Ylean 
---------+-------------------------------------------------------
E2n 13140 13130 11560 11270 12270 
E4n 13600 12620 10900 11330 12110 
L2n 12250 11840 11670 11360 11780 
L4n 12720 12280 11950 11660 12150 

Mean 12930 12470 11520 11410 LSD 5% 388 

LSD 5% 
CV% 

634 
5.7 

Variety 
Management 
Var x Mgt 

Table 3.5 DM production (kg/ha) for the three silage cuts in 
spring/summer for second harvest year. 

Variety Management 

M1 M2 M3 M4 

** 
*** 
*** 
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---------+-------------------------------------------------------
E2n 10980 10930 9740 10410 //// 
E4n 11410 10230 10290 10130 
L2n 11760 10300 10940 10380 
L4n 11270 11270 10380 9820 

Mean 11360 10680 10340 10190 LSD 5% 255 

LSD 5% 
CV% 

381 
10.9 

Variety 
Management 
Var x Mgt 

ns 
*** 

* 
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Figure 3.2 Regression of individual varieties on mean DM yields 

from the first spring/summer harvest 5/6179 in year 1. 

--_, E2n, b :::0.51 ± 0.31 (r 2 =0.92 .~): - -, E4n, 

b = 1.47 ± 0.23 (rl:: 0.95 .'/..): ........ L2n, b = 0.57 .± 0.12 

(r 2 =0.92·~): - - - - -, L4n, b = 0.45 1. 0.06 {r 1 = 0.97 .:q. 
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Figure 3.3 Regressions of individual varieties on mean OM yields 

from the second spring/summer harvest 10/7/79 in year 1. 

---, E2n, b = 3.02 1: 0.55 (r 2 = 0.94 * ): ___ . E4n, 

b = 2.40 :! 0.36 (r 2 = 0.96 .X-): ....... L2n, b = -1.23 ± 0.86 

(r 2 = 0.51 ):. _____ , L4n. b = -0.18 :! 0.31 (r 2 = 0.15). 
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At the second harvest in July (Figure 3.3) the early 

flowering varieties showed an even greater response to the 

different autumn managements with regression slopes of 

b=3.02+/-0.55 for E2n and b=2.40+/-0.36 for E4n. These contrast 

sharply with the negative regression slopes of the late flowering 

varieties, L2n, b=-1.23+/-0.86, and L4n, b=-O.18+/-0.31. Thus 

although the r 2 value for the regression lines of the late 

flowering varieties did not reach significance there is such a wide 

difference between them and the regression coefficients of the 

early flowering varieties that they are ,vorth serious consideration 

for this investigation. 

By the end of the spring/sumler season (cut 3) the effects 

were considerably less (Figure 3.4)· with the early flowering 

diploid and tetraploid varieties having slopes of b=O.79+/-0.22 and 

b=1.28+/-0.30 respectively, and the late flowering varieties having 

slopes of b=O.71+/-0.25 and b=1.22+/-0.28 for the diploid and 

tetraploid varieties respectively. 

Variety x management regression figures are not presented 

for individual harvests for years two and three, but they follow 

roughly the same pattern with the second cut in year two giving a 

negative slope for the L4n variety, and all cuts of both years 

giving greater regression coefficient values for early flowering 

compared \vith late flowering varieties thus demonstrating a greater 

sensitivity to previous autUlln management by these varieties. TIle 

third year figures were a little different in that they were 

dominated by the very much higher yields of L4n and L2n at the 

first harvest and L2n at the second. There is an indication from 
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3.00 3.25 3.50 

Environmental means 

Figure 3.4 Regressions of individual varieties on mean OM yields 

from the third spring/summer harvest 28/8179 in year 1 . 

. E2n. b = 0.79 ± 0.22 (r ') = 0.87): ---- . E4n. 

b = 1.28 :!: 0.30 (r'l= 0.90): ........ L2n. b = 0.71 ± 0.25 

(r1 = 0.80): - - - - -. L4n. b = 1.22 ± 0.28 (rl = 0.90 'Y.-). 
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the regression analysis at this harvest that the diploids as a 

group were not as affected by previous autumn management as were 

the tetraploid varieties. 

Combined totals of the 3 spring/slD11l1er harvests for the 

second harvest year and overall yields are reduced by 1-2.5 t/ha D~ 

on the first harvest year (Table 3.5). There are no variety main 

effect differences but management has a large effect. The variety 

x management interaction which just reached significance at the 5% 

level was caused by the E2n variety having a lower D~ value at M3 

than at M4. The relatively uninteresting regression curves for the 

combined spring/slDllTler harvest in year two are given in Appendix 

Figure 3.2 and show the late flowering varieties to have regression 

slopes slightly greater than 1.0, and the early flowering varieties 

to have values sl ightly less than 1. 0. 

The three spring/slDllTler harvests are combined (Table 3.6) as 

CM producti on data for year three. It is obvi ous that a 1 arge 

reduct ion in DVI product ion has occurred in this year, to around 

half that of the previous year. It is thought that the widespread 

incidence of Sciel'otinia tl'ifoi iOl'um, which depleted plant numbers 

on average by 50% for each variety during the previous 

autumn/winter was the factor largely responsible for this sharp 

decl ine in m1 production. The rather large CV value gives an 

indication that not all plots were equally affected by this 

disease. There is also evidence (Table 3.6) that the Ml treatment, 

carrying much standing herbage into autumn, made the early 

flowering varieties more susceptible to the fungus than any of the 

other treatments where the bull{ of the fol iage was removed in 
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September. The late flowering varieties were not effected in this 

manner. 

The variety x environment regression figure for the combined 

spring/summer harvests of the third year (Appendix Figure 3.3) 

demonstrate the high yield of L2n at the first harvest. The 

regression slopes of the other three varieties are very similar, 

and I1VI yields at the third harvest were similar for all varieties. 

When the individual three years' spring/sumner UVI harvests 

(9) each with the four management treatments are treated as 

different environments the analysis of variance shows the varieties 

to be non-significant but the envirormlents and the variety x 

environment interaction to be highly significant. The slopes and 

yields for the four varieties are shown to be very similar, with 

the L4n regression line having a slope just different from the 

others to give rise to the interaction, and this variety 

demonstrates an ability to produce more in stress environments 

(Figure 3.5). 
I ,. . 

3.4.3.3 Yearly Production 

When the autumn/winter DvI harvests are adcled to the 3 

spring/sUlmler cut totals, the management effects in the first year 

disappear (Table 3.7). There was a trend for the defoliation 

regime M2 to give the highest yields for the early flowering 
t -
I,' ,. 

varieties and M3 to give highest yields for late flowering. 

Variety L2n had lower yields than the other three. 



Table 3.6 Dvlproduction (l{g/ha) for the three silage cuts in 
spring/summer for third harvest year. 

Variety Management 

Ml M2 M3 M4 Mean 
---------+------------------------------------------------------
E2n 4240 5260 5210 5450 5040 
E4n 4140 5240 5330 5450 5040 
L2n 5690 5620 5670 5990 5740 
L4n 5720 5740 5830 5470 5690 

Mean 4950 5470 5510 

LSD 5% 276 
CV% 19.8 

5590 LSD 5% 198 
Variety 
Management 
Var x Mgt 

*** 
*** 
*** 

Table 3.7 Total DM production (kg/ha) for first harvest year. 

Variety Management 

Ml M2 M3 M4 Mean 

60A 

---------+-------------------------------------------------------
E2n 13140 14110 13100 13030 13340 
E4n 13600 13630 12980 13240 13370 
L2n 12340 12420 12900 12550 12550 
L4n 12720 13060 13550 13380 13180 

LSD 5% 
CV% 

686 
6.9 

LSD 5% (mean) 
Variety 
Management 
Var x Mgt 

462 
** 
ns 

*** 

~~~~:~~~ 
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Figure 3.5 Regressions of individual varieties on mean OM yields from 

the three spring/summer harvests over 3 years. E2n, 

b = 1.00 ± 0.02 (r 2 = 0.98 -;.:- -:f): ___ , E4n, b = 1.01 ± 0.03 

(r 2 = 0.9 8 -"/.- -J(- -:q: ... _ . .. , L 2 n, b = 1. 0 2 :t O. 0 4 (r 7 = O. 9 5 -,:- -,:- -:-:-): 

-----, L4n, b =0.98±0.02 (r 2 =0.98:i::i:*). 
t" 
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The main effects data for total DVI production for the second 

harvest year shows a complete removal of any effects of variety, 

management or variety x management interaction (Table 3.8). eM 

production was 1500-3000 }{g/ha lower than year one. 

The main effects data for total IM production for the third 

harvest year (Table 3.9) show the early flowering varieties to have 

a lower IM production than the late flowering. A close examination 

of the data 'reveals that this was caused principally by very low 

yields of these two varieties in the Ml treatment. This is 

reflected in the low overall [M figure for the Ml treatment 

(Table 3.9). As stated earlier this is thought to have been 

associated wi th a high incidence of Scleratinia tril'al iarum in 

these plots. 

3.4.4 Components Of Yield 

3.4.4.1 First Spring/Stmmer Harvest 

The main effects for some of the components of il\1 yield for 

the first spring/stmmer harvest in year 1 are presented in 

Table 3.10. One of the major components of yield, mmlbers of 

primary and secondary shoots per plant, \vere not sampled at this 

time but would be simi 1 ar to numbers recorded in winter (see 

Chapter 4) but it was thought to be not statistically valid to 

include this February-sampled data with that collected in late May 

for these analyses (Miss I. Gravett, pers. caran.) Data of plant 

mnllbers per tmi t area before and after graz ing was used in the 

stepwise discriminant and multiple regression analyses along with 



Table 3.8 Main effects for total D.Vl production 
(){g/ha) of second harvest year. 

Variety E2n 10 960 
E4n 11 040 
L2n 11 190 
L4n 10 890 

LSD 5% ns 

Management M1 11 350 
M2 10 660 
M3 11 060 
M4 11 000 

LSD 5% ns 

Table 3.9 Main effects for total DM production 
(){g/ha) of th i rd harves t year. 

Variety E2n 5240 
E4n 5330 
L2n 5810 
L4n 5880 

LSD 5% 433 

Management M1 4950 
M2 5670 
M3 5740 
:\14 5900 

LSD 5% 433 

63 
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data from Table 3.10. 

The late flowering diploid variety was disadvantaged 

compared to other varieties in terms of every factor measured 

(Table 3.10). Thus it is obvious that it relies heavily on high 

numbers of plants per uni t area and high mmlbers of shoots per 

plant to give it parity in n~ production (Chapter 4). It also 

means that, through competi tion its stems are considerably thinner 

and lower in dry weight compared with other varieties, and even 

though it also has a low leaflet and petiole dry weight it has ·a 

leaf/stem ratio of 2.0 which is higher than any of the other 

varieties. This has positive feed quality aspects. In only one 

character, stem length, was there a variety x management 

interaction detected. This was caused principally by a high value 

for the early flowering diploid in the M2 treatment. 

The early flowering varieties had the largest leaves, the 

longest stems and the lowest leaf/stem ratio. The late flowering 

tetraploid had the longest petioles but was lower than the early 

flmvering tetraploid in other characters. 

The mIDP 7M stepwise discriminant analysis <Dixon, 1975 j 

Srivastava and Carter 1983) was used to attempt to classify the 

four red clover varieties into significantly discriminant groups, 

by using the above factors, plus plant numbers before and after the 

first spring cut. The stepwise analysis consists of the selection 

of the variable wi th the highest "F to enter" value then it 

continues to select variables which have "F to enter" values 

great.er than 4.0. Bac}{\vard stepping is also employed using a "F to 
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Table 3.10 Main effects for components of D.VY yield for four 
red clover varieties from four autumn defoliation 
managements at 28 May 1979, one weel{ before first 
spring D.~ harvest. (Means of 100 stems/treatment>. 

Petiole Leaflet Leaflet Petiole stem 
Length Length Width No. Length 

( cm) ( em) ( cm) (cm) 

Variety E2n 9.7 3.0 2.6 3.8 33.2 
E4n 11. 0 3.3 3.0 4.0 37.2 
L2n 8.1 1.9 1.7 3.6 16.8 
L4n 12.2 2.7 2.6 3.9 29.2 

LSD 5% 0.6 0.2 0.2 0.2 2.4 

Management Ml 11.5 3.0 2.6 3.9 34.4 
M2 10.9 2.8 2.5 3.7 34.6 
M3 9.4 2.7 2.5 3.8 23.6 
M4 9.2 2.6 2.3 3.9 24.0 

LSD 5% 0.6 0.2 0.2 0.2 2.4 
VxM** 

Stem Leaflet + IM Leaf/ 
Diameter Petiole r:M Stem Stem 

(mn) ( g) (g) D~ 

Variety E2n 3.7 0.29 0.18 1.6 
E4n 4.7 0.48 0.28 1.7 
L2n 2.9 0.14 0.07 2.0 
L4n 4.5 0.36 0.20 1.8 

- .-.. -.-' 

LSD 5% 0.3 0.07 0.03 0.2 

Managemen t Ml 4.0 0.36 0.21 1.7 
M2 4.2 0.31 0.19 1.6 
M3 4.0 0.33 0.16 2.1 
M4 3.7 0.27 0.16 1.7 

LSD 5% 0.3 0.07 0.03 0.2 
~::,> ;,_'::>':-:"7 
1-""" 



Table 3.11(a) Discriminant function derived from 11 sutmitted 
variables of which leaflet length (LL), stem 
diameter (SOl, and plant mmlbers/uni t area after 
harvest (PNA) had F to enter values of >4.0. 
(Classification effected when one group function 
is maximised compared with other group functions 
when values are substituted for any case). 

E2n: 12.34 LL + 10.06 SD + 1.42 PNA - 114.56 

E4n: 11.93 LL + 14.27 SD + 1.07 PNA - 98.17 

L2n: 4.81 LL + 10.49 SD + 1.98 PNA - 169.37 

L4n: 6.71 LL + 15.71 SD + 1.23 PNA - 103.41 

Table 3.11(b) Classification matrix for varieties on components 
of yield at first harvest in year one, derived 
from the above ftmction. 

Number of Cases Classified into Variety 
% 

Correct E2n E4n L2n L4n 

Variety E2n 100.0 16 0 0 0 
E4n 81.3 1 13 0 2 
L2n 100.0 0 0 16 0 
L4n 87.5 1 1 0 14 

Total 92.2 18 14 16 16 
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remove" value of less than 3.9. When no more stepping is possible 

the classification matrix is calculated, and the cases from which 

the variables were taken can be plotted, using the discriminating 

variables as the axes in the form of canonical variables. The 

classification (Table 3.11(b» was achieved by using the 

discriminant function (Table 3.11(a» which utilised three of the 

eleven characters sutmitted for analysis, namely leaf length, stem 

diameter and plant mnnbers immediately after the first 

spring/sUl1111er harvest. The discr iminant function can be regarded 

as being extremely successful in that it correctly classified 59 of 

the 64 cases analysed (Table 3.11(b». 

Stepwise multiple regression analyses were carried out for 

varieties on 1J\II yield of first spring/stn1l11er harvest from the data 

obtained in Table 3.10 plus plant numbers before and after the 

harvest using the HVIDP 2R progrru1l11e <Dixon, 1975). The analyses 

were done on individual varieties and on the means of management 

for all varieties to see if a predictive model could be established 

between UVI yield and the measured components of yield for this 

harvest. The following regressions were obtained: 

E2n: Y = 272.0 PL + 73.0 PNB - 4528.6 

SE+/- 90.9 

where Y 
where PL 

PNB 

18.5 494.6 

= DM yield of first spring/summer harvest 
= petiole length 
= plant numbers before harvest 

r 2 = 0.73 tt 

E 4n: Y = 101. 8 PNB - 221 7 . 5 

SE+/- 13.1 228.4 

where X = plant mnnbers before harvest 

trc:;;:~:;; 
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:p2 = 0.81 ... 

L2h: Y = 1271.4 SO - 10685.5 D~S + 3050.1 

SE+I- 328.4 4934.3 

where SD = stem diameter 
IlVIS = IM of stem 

r2 = 0.54 • 

1021.8 

L4n: Y = 110.7 PL 265.6 LIS + 28.8 PNB + 2711.2 

SE+I- 40.0 121. 4 11.1 917.7 

where PL = petiole length 
LIS = leaf and petiole to stem DVl ratio 
PNB = plant numbers before harvest 

r 2 = 0.57 • 

Means of four varieties: 
Y = 189.2 PL + 139.8 SL + 18.8 PNB + 1179.3 

SE+I- 39.1 30.0 

where PL = petiole length 
SL = stem length 

3.1 195.9 

PNB = plant numbers before harvest 
:p2 = 0.52 .. 
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These analyses showed that quite close relationships can be 

found between DVr yield at this particular harvest and remarl{ably 

few of the components of yield measured at this time, particularly 

for the early flowering varieties where 73 and 81% of the variation 

was explained by the components of the regression function. Plant 

mrnbers before harvest and petiole length were important variables 

for predicting IM yield for varieties at this harvest. 

Stepwise discriminant analysis was again used to attempt to 

classify the four red clovers in terms of the four previous autumn 

defol iation regimes. From the 11 variables submi t ted the following 

were selected to form the discriminant function; petiole length. 

'- -.--'.:'--'. 
~+~':: :-~-;::-:~, _ _. -- - -.. r·.~ 
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stem length and plant numbers immediately after the first 

spring/sUJIITler harvest (Table 3.12(a». As expected the 

discriminant function was only partially successful as the sma 11 

organed variety L2n became confused with M3 and M4 treatments of 

other varieties <Table 3 .12(b». It is apparent also that the 

large organed E4n and L4n varieties became confused in the M1 and 

M2 treatment classification. This caused a great deal of 

overlapping within these two groups in the classification table, 

and in fact, less than half the 64 cases were correctly classified. 

Stepwise multiple regression analyses were also carried out 

on DM yield of first spring/sulnler harvest on these data for the 

management groups. The analyses were carried out on individual 

treatments and on the means of varieties for all managements to see 

if predictive models could be established. The following multiple 

regression equations were obtained: 

Ml: Y = 10688.8 - 45.5PNA - 198.1LL - 247.0PL + 15.5PNB + 961.6LW 

SE+/- 1790.7 14.8 526.5 99.5 9.3 

where Y = .0.\1 yield at first spring/surrrner harvest 
PNA = plant numbers after harvest 
LL = leaflet length 
PL = petiole length 
PNB = plant numbers before harvest 
LW = leaflet width 

~ = 0.49 • 

749.8 

M2: Y = 222.8SL - 13524.6DMS - 132.7LW + 173.7PL + 997.8LL + 2784.9 

SE+/- 71. 0 3383.0 

where SL = stem length 
.o.Y1S = .0.\1 of stem 
LW = leaflet width 
PL = petiole length 
LL = leaflet length 

~ = 0.55 .. 

1132.0 88.4 683.5 1150.6 

~~~~~~J~;i:tb 
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M3: Y = 6043.3 - 714.1 LL + 189.7 PL 

SE+/- 873 .3 272.8 91.7 

where LL = leaflet length 
PL = petiole length 

r2 = 0.28 • 

M4: Y = 8058.9 - 2.7 PNA - 146.3 SL - 23.9 

SE+/- 855.9 4.8 51.8 9.5 

where PNA = plant mD11bers after harvest 
SL = stem length 

PNB + 

PNB = plant numbers before harvest 
L/S = leaf and petiole/stem DM ratio 

r 2 = 0.60 .. 

Mean Management Effect 
Y = 147.3 PL + 160.7 SL - 4174.0 DMS + 4295.3 

SE+/- 44.3 41.8 

where PL = petiole length 
SL = stem length 
DMS = DM of stem 

r2 = 0.33 .. 

1223.1 392.3 
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451. 0 L/S 

204.4 

These analyses show that plant m.nllbers, stem length, petiole 

length and leaf size are important determinants forUVl yield of the 

varieties for each of the autumn defoliation managements. For 

example the varieties with greatest stem length (early flowering) 

yield highest in the M2 treatment (stem length b=222.8+/-71.0) 

" whereas these varieties are the poorest yielders in M4 (stem length 

b=-146.3+/-51.8) which is reflected in the DM yield regressions for 

varieties in Figure 3.2. OVerall the amolmt of variation in DM 

yield explained by the above regression equations was lower than 

those for individual varieties. 

.-<--.-;-, 
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Table 3.12(a) Discriminant function derived from 11 submitted 
variables of which petiole length (PL), stem 
length (SL) I plant mmlbersll.mi t area after harvest 
(PNA) had F to enter values of >4.0. 
(Classification was effected when one group 
funct ion is maximised compared wi th other group 
function when values are substituted for any case). 

M1: 8.28 PL + 4.47 SL + 0.79 PNA - 110.36 

M2: 8.03 PL + 4.55 SL + 0.79 PNA - 108.17 

M3: 7.15 PL + 3.72 SL + 0.69 PNA - 82.63 

-M4: 7.07 PL + 3.77 SL + 0.69 PNA - 82.28 

Table 3.12(b) Classification matrix for management on components 
of yield at the first spring/sunnler harvest in year 
one, derived from the above function. 

Number of Cases Classified into Management 
% 

Correct Ml M2 M3 M4 

Variety M1 62.5 10 4 1 1 
M2 50.0 4 8 2 2 
M3 31. 3 2 1 5 8 
M4 50.0 1 3 4 8 

Total 48.4 17 16 12 19 

r~l~ff! 
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3.4.4.2 Second Spring/Summer Harvest 

The main effects for some of the components of DVI yield for 

the second spring/sunmer harvest in year one are presented in 

Table 3.13. They show again quite clearly that the late flowering 

diploid variety has the smallest components of yield (excluding 

numbers of primary and secondary shoots/plant and plant 

nllllbers/uni t area), and that the factors of stem length, leaflet 

and petiole n~ are the ones which distinguish varieties most 

clearly. The leaf plus petiole/stem IM ratio is lower for both 

early flowering varieties than late flowering. Both this and the 

higher stem length for the early varieties is a result of the 

higher incidence of flowering at this sampling date compared with 

the late flowering varieties. 

A variety x management interaction attained significance at 

the 5% level for the character leaflet plus petiole n~ 

(Table 3.13). This was due mainly to a high value occurring in the 

M3 treatment of variety E4n. 

Stepwise discriminant analysis was used on the factors 

measured for components of yield (Table 3.13), plus plant numbers 

per unit area, to attempt to evaluate which factors are most 

important in classifying the varieties at this time. The 

classification matrix (Table 3.14(b» was obtained using the 

discriminant function (Table 3.14(a» which selected the three 

factors stem length, stem diameter and plant mmlbers inmediately 

following harvest of the 12 factors submitted for analysis. It can 

be seen from Table 3.14(b) that a reasonably high order of accuracy 
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Table 3.13 Main effects for components of D.'vl yield for four 
red clover varieites from four autmffil defoliation 
managements at 4 July 1979, one week before second 
spring/smrrner O~ harvest. (Means of 100 
stems/treatment) . 

Petiole Leaflet Leaflet Stem 
Length Length Width Petiole Length 

(cm) (cm) (em) No. ( cm) 

Variety E2n 8.5 4.6 3.0 6.3 33.4 
E4n 8.3 4.7 3.4 7.3 34.1 
L2n 8.4 4.0 2.7 4.9 22.9 
L4n 9.6 4.6 3.6 6.4 26.4 

LSD 5% ns 0.3 0.2 0.9 2.6 

Managemen t Ml 8.0 4.5 3.1 5.8 29.9 
M2 8.8 4.4 3.1 6.4 30.9 
M3 8.8 4.3 3.2 6.2 27.8 
M4 9.3 4.6 3.4 6.5 28.2 

LSD 5% ns ns 0.2 ns 2.6 

stem Secondary Leaflet + 0"1 Leaf/ 
Diameter Branch Petiole Il\1 Stem Stem 

(om) No. ( g) (g) 0"1 

Variety E2n 4.4 1. 81 0.47 0.54 0.9 
E4n 5.7 1.81 0.69 0.78 0.9 
L2n 3.6 0.56 0.31 0.29 1.1 
L4n 4.8 1. 94 0.59 0.54 1.1 

LSD 5% 0.3 0.97 0.08 0.09 0.1 

Management M1 4.5 1. 25 0.49 0.56 0.9 
M2 4.6 1. 69 0.57 0.58 1.0 
M3 4.6 1. 56 0.47 0.46 1.0 
M4 4.8 1.63 0.54 0.54 1.0 

LSD 5% 0.3 ns 0.08 0.09 ns 
VxM* 
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Table 3.14(a) Discriminant function derived from 12 submitted 
variables of which stem length (SL), stem diameter 
(Sm, and plant mmlbers/uni t area after harvest 
(PNA) had F to enter values of >4.0. 
(Classification was effected when one group 
function is maximised compared wi th other group 
functios when values are substituted for any case). 

E2n: 0.85 SL + 8.16 SD + 0.66 PNA - 83.12 

E4n: 0.80 SL + 11. 30 SD + 0.41 PNA - 66.83 

L2n: 0.50 SL + 6.93 SD + 0.78 PNA - 88.26 

L4n: 0.58 SL + 9.57 SD + 0.41 PNA - 51. 55 

Table 3.14(b) Classification matrix for varieties on components 
of yield at the second spring/sulUller harvest in 
year one. 

Number of Cases Classified into Variety 
% 

Correct E2n E4n L2n L4n 

Variety E2n 93.8 15 0 0 1 
E4n 68.8 0 11 0 5 
L2n 87.5 2 0 14 0 
L4n 87.5 0 2 0 14 

Total 84.4 17 13 14 20 

I' f······, 
iJ~~21~ 
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of classification has been achieved using this flmction, as 54 of 

the 64 cases were correctly classified. Most of the incorrect 

classification occurred between the tetraploid varieties. 

Stepwise multiple regression ancalyses were carried out on 

IM yield of the second spring/sUlmler harvest from the data obtained 

for Table 3.13 plus the plant number counts done before and after 

this harvest. The analyses were carried out on individual 

varieties and on the means of the four varieties to see if any 

predictive model could be obtained. The following regressions were 

obtained: 

E2n: Y = 38.5 SL + 1413.9 

SE+/- 14.0 429.6 

where Y = IlVI yield of second spring/sUlmler harvest 
SL = stem length 

r2=0.35' 

E4n: Y = 4052.9 - 395.7 LW 

SE+/- 2017.8 147.6 

where X = leaf width 
r 2 = 0.34 ' 

L2n: Y = 129.2 SBN + 2362.5 

SE+/- 59.0 973.9 

where SBN = secondary branch number 
r2 = 0.26 ' 

L4n: none of the measured variables attained the required 
F value of 4.0 to enter the regression equation. 

Means of four varieties 
Y = 9.0 SL - 3.7 p~~ - 167.3 nv~ + 3246.6 

SE+/- 4.5 1.4 70.4 1235.5 

.-
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where SL = stern length 
PIA = plant mmlbers imllediately after harvest 
D.vlL = D.VI of leaf 

r2 = 0.28 • 
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These analyses showed, unlike those for the first spring 

harvest, that only weak relationships could be obtained between 

morphological components of yield measured, and :eM yield, for these 

varieties at the second spring/summer harvest. These regression 

equations only accounted for a third of the variation in ~I yield 

for varieties, and for one (L4n) , no significant relationship could 

be found. 

At this sampling previous autum management did not have 

such a large effect as at the first spring/summer harvest, in fact 

4 of the factors measured were not significantly different for 

management (Table 3.13). Thus it was not surprising that the 

stepwise discriminant analysis for this data on management failed 

to classify for previous autumn defoliation, as none of the twelve 

variables subllitted had F to enter values of greater than 4.0, so a 

discriminant function was not able to be derived. 

The multiple regression analysis technique was unable to 

establ ish relationships for any of the management groups at this 

harvest. 

3.4.5 Mi nera I Compos i t i on And Qua I i ty 

Samples for basic elements were tal(en at the first 

spr ing/sumler harves t. The main effects for varieties only are 

presented (Table 3.15) because significance was not reached for 

L._ •• 
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Table 3.15 Major basic mineral elements for red clover varieties 
at first spring/summer harvest in year one. (meaned 
over four managements) . 

Varieties % K % Ca %Mg 06 Na 

E2n 3.44 1. 44 0.30 0.09 
E4n 3.71 1. 36 0.28 0.09 
L2n 3.73 1. 29 0.29 0.11 
L4n 3.90 1.23 0.31 0.10 

LSD 5% 0.27 0.10 0.01 0.01 
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Table 3.16 Percentage nitrogen contents for four red clover 
varieties at the three spring/sUlmler harvests in year 
one (means of four managements). 

Harvest Date Mean 

5 June 10 July 28 Aug 

Variety E2n 3.77 2.92 2.81 3.17 
E4n 3.72 3.04 2.93 3.23 
L2n 4.17 3.62 3.12 3.64 
L4n 4.24 3.65 3.27 3.72 

LSD 5% 0.16 0.07 

Mean 3.98 3.31 3.03 

LSD 5% (of means) 0.06 

'I, ~.~ .~', .~ ",.,-' 
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either management or for the management x variety interaction. The 

early flowering diploid was shown to have the lowest level of K and 

the highest level of Ca. E4n had the lowest and L4n the highest 

level of Mg. There was a trend for the early flowering red clover 

varieties to have lower levels of Na than the late flowering. 

Because the management effects were not significant for 

percentage nitrogen, the variety x harvest interaction table meaned 

over managements is given (Table 3.16). It is clear from these 

results that la~e flowering varieties have higher N levels than do 

the early flowering. There is an equally clear reduction in N 

level with progressive harvests through spring and SlBmler. The 

variety x harvest interaction has arisen through the N levels of 

the early flowering varieties dropping to disproportionately low 

levels at the second harvest compared with the late flowering 

varieties. 

Management effects for percentage IM digestibility did not 

show significance at any harvest and there were no significant 

interactions involving management (Table 3.17). There was no 

variety x harvest interaction but varieties were significantly 

different at each harvest, and the harvests were different from 

each other, percentage digestibility declining with each harvest. 

The early flowering diploid had the lowest value at the second 

harvest, and together with the late flowering diploid was lowest at 

the first harvest. At the final harvest variety E2n was again 

lowest in percentage digestibi Ii ty, this time wi th variety L4n. 

'.--" ",<-:.-. :----.... ~-:~~'! ... ~ .. ;- -'-,-,---. ~ 



Table 3.17 Percentage DVI digestibility for four red clover 
varieties at the three spring/sumner harvests in 
year one (means of four managements). 

Harvest Date 

5 June 10 July 28 Aug 

Variety E2n 77.2 75.6 72.7 
E4n 78 .0 76.8 73.5 
L2n 77.6 77.6 73.8 
L4n 78.0 77 .8 72.3 

LSD 5% 0.8 0.7 0.9 

Mean 77.7 77.0 73.1 

LSD 5% (of means) 0.6 
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3.5 DISCUSSION 

Al though the same ntIDlbers of viable seed were sown for all 

four varieties early seedling competition had thinned out plant 

nunbers in tetraploid plots to around 2/3 that of the diploid , 
varieties (Table 3.2 and Figure 3.1). In a study on the effects of 

competition on seedlings of diploid and tetraploid red clover 

Anderson (1971) fotmd much the same effect and attributed it to 

greater seed size giving a more rapid germination and greater 

petiole length and leaf size, ~ll of which give rise to an earlier, 

higher intensity of interplant competition, as Black (1959) and 

Donald (1962) have pointed out for other legunes. 

Consideration of the autunn defoliation regimes and sampling 

dates in the various years of the trial, as different environments 

in the analysis of the plant number data <Breese, 1969), one can 

inn1ediately see that the diploids with environment response 

coefficients ( 1 inear regression coefficients or slopes 

(Gray, 1982» of greater than 1.0 are less adapted to stress 

environments than are the tetraploids with slopes considerably less 

than 1.0. The impact of the fungal disease Sclerotinia trifoliorun 

at the last count in year 3 has had a considerable influence in 

determining the final value of the environmental response 

coefficients, particularly for the diploids, as Aldrich (1975) 

classified the two varieties used in this trial as being very 

susceptible, whereas the two tetraploids used were identified as 

having moderately good resistance to this disease. However IM 

yield data for the autumn/winter period, particularly at the 

November and January harvests (Table 3.3), indicate that both 
- ;". 
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tetraploids were also effected by this disease, although to a 

lesser extent than the diploids. The mild winter following a wet ~~~~~;~-::~..;:-::-:..:~; 

l~-~~~;~ti#~~; 
autulm in 1980 (Appendix Table 3.1(c) and (d» coupled with the 

lush growth of the M1 treatments would have favoured the greater 

survival of S. trifoliarum in the trial plots (Hughes, 1975). 

Although this disease is rare in Wales (Aldrich, 1975), it has been 

recorded since 1970 on the clover breeding areas at Plas Gogerddan, 

WPBS (D.R. Evans pers. camm.). 

Apart from year 3 the autulill/w~nter defoliation treatments 

M3 and M4 produced around twice as much harvested DVI yield compared 

with the M2 treatment (Table 3.3) and of course the Ml treatments 

were not harvested at all during this time. However Tables 3.3-3.5 

show that this extra OM obtained in autulm certainly depressed the 

sUbsequent spring/summer n~ production especially in the early 

flowering varieties. Thus a farmer must weigh up which is more 

important, the utilisation of n~ production in late autumn, or the 

extra OM obtained over the next spring/sumler. 

The regression Figures 3.2 and 3.3 show that for the first 

two harvests in year one the early flowering varieties are very 

strongly affected by previous autumn management, having management 

response coefficients ranging between b=1.47+/-0.23 to 

b=3.02+/-0.55. The situation for the late flowering varieties for 

these harvests was very different. At the first harvest it was 

obvious that these varieties were not nearly as effected by 

previous autlmm management with management coefficients of 

b=0.57+/-0.12 and b=0.45+/-0.06. However at the second harvest 

there was an indication that the late flowering varieties responded 
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negatively to frequency of previous autumn defoliations in that 

they produced more at this harvest from the most frequently 

defoliated treatments, particularly with the diploid which had a 

management response coefficient of b=-1.23+/-0.86. There was no 

response to management by the tetraploid at this harvest with a 

management response coefficient of b=-0.18+/-0.31. 

The data was very variable at this harvest for these two 

late flowering varieties, thus the standard error measuring this 

scatter of individual points are large. ~ey are regarded by 

Breese (1969) as measures of the "stability of response" exhibited 

by each population, so trends only can be taken from this figure. 

Nevertheless this apparent compensatory growth in mid sunner by 

late flowering red clovers which· have suffered frequent 

defoliations in the autumn/winter period is consistent with results 
.' 11\;, t~(/ j:- 1, II 

obtained by/Hay and Ryan (unpub.) in New Zealand. This could well 
/ 

be associated with survival and persistence of these varieties 

compared to early flowering varieties which do not exhibit this 

characteristic (Figure 3.3). 

At the third harvest (Figure 3.4) the difference between 

early and late flowering varieties had disappeared. The 

tetraploids had the higher management response coefficients, (mean 

b=1.25+/-0.29), compared to the diploids, (mean b=0.75+/-0.Z .. l). It 

was surprising t11at 9 months after the autulU1 management treatments 

there was still present a significant management effect at this 

harvest, but the regression analyses indicated plant numbers to be 

highly correlated to yield, especially early flowering varieties, 

thus autu11I1 managements which lower plant numbers are I i\<ely to 

;;L;_:~~_---<;_~j 
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have a permanent effect on subsequent D.Vl production (Choo, 1984). 

When the genotype x environment regression analysis \vas 

carried out on IM data from all three spring/sunTIler harvests in 

year one (12 enviromnents) the effects discussed in 

Figures 3.2 to 3.4 disappear as demonstrated in Appendix Figure 3.1 

and the environmental response coefficients range only bet\veen 

b=O.98 and b=1.03, with a greater stability of response, and 98 to 

99% of the variation for yield being explained by the environmental 

factors for each variety. This accuracy is large)y explained by 

each variety being regressed on 48 environmental co-ordinates \vhich 

tend to average out harvest and management differences towards a 

regression coefficient of 1.0. 

Figure 3.5 gives the full expression of this trend for this 

experiment when all spring/surrmer harvest DvI yields for the three 

years including the four managments were analysed using genotype x 

environment regression analysis. Each variety was thus regressed 

against 144 environmental co-ordinates of individual yields against 

the mean for all four varieties, i.e. 4 managements x 3 harvests x 

3 years x 4 replicates. Tl1is resulted in environmental response 

coefficients of between 0.98 ad 1.02 for all varieties. 

Certainly for the first two years of this trial frequency of 

defoliaton in the previous autumn effected Dvt production in the 

following spring/SlD11l1er silage-type cuts. In the third year 

however, the management and variety effects were confolmded, and 

the IM yields drastically lowered, by a widespread infestation of 

Sclerot inia tri fol iol'um. 
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When the DYI yi elds from the autumn/winter were aeleled to 

those for the spr ing/sunrner, management effects eli sappeared in both 

the first and the second years. In the second year there were no 

variety differences or significant variety x management 

interaction. In year three the early flowering varieties yielded 

significantly less than the late flowering. The uncut autumn 

treatment, MI, yielded less than the other three management 

treatments. Thus it would appear that if auturrm utilisation eloes 

not effect long term persistence and survival of red clover, it 

just becomes a matter of choice for the grower when it is most 

profitable to harvest that IlV1. However it would appear from this 

study that autumn management effects on plant number per unit area 

are considerable, particularly with early flowering varieites, 

under the climatic conditions experienced in this trial. Worl{ by 

Kendall (1958) and Hollowell (1959) indicate that temperature 

effects can be consielerable. 

Using stepwise discriminate analysis, in much the same 

manner as Berg (1980) eliel to classify elifferent ageel soils in .. '. '.- ~,' 

Illinois, data for the plant components of yield lJefore each of the 

first two spring/sumner harvests in year one were useel to determine 

which of these components, or variables, were critical in 

classifying the data into varieties and managements. Based on the 

three factors leaflet length, stem diameter and plant mnllbers 

inmediately after harvest, the discriminant function classified the ',' " 

first harvest data with a high degree of accuracy (92.2%) into 

their varieties. Considering thi s very strong varietal 

classification, and the length of time from the defoliation 
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treatments, it was surprising that a significant discriminant 

classification could be made at all for management. However, based 

on the three factors petiole length, stem length and plant numbers 

irrmediately after harvest plants were classified into management 

groups with 48.4% accuracy. A large overlap occurred between the 

Ml and M2 managements and the M3 and M4 management treatments. 

At the second spring/sumler harvest in July, no significant 

discriminant analysis was possible for management, but a high 

degree of accuracy (84.4%) was obtained again for classification 

into varieties based on the discriminant function which used the 

factors stem length, stem diameter and plant mmlbers following 

harvest. The appearance of plant numbers per unit area in all 

three analyses as a discriminatory factor highlights this 

component's discrete relationship with varieties when grown in pure 
? 

swards. This factot_ relationship to management regimes employed 

in this trial is more obvious. The significance of this has been 

discussed above. Two other factors, stem length and stem diameter, 

appeared in two of the three discriminant analyses and must be 

regarded as important parameters in distinguishing variety and 

managment effects on red clover. 

Thus discriminant analysis has important impl ications for 

plant breeders in identifying the components of yield which 

distinguish between varieties under different managements, and 

could conceivably identify critical plant factors within a variety 

I.mder specific management regimes, which are important deternlinants 

for ffi1 yield in a plant breeding prograrrme. 
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Multiple regression analyses were llsed to determine the 

extent of the relationship between the measured plant components of 

yield and harvested OM yield of each variety at the first two 

spring/summer harvests, and found, for the first harvest at least, 

a high level of the variation in OM yield explained by functions 

bet\veen one and three of these variables. For example 73% of the 

Il\1 yield variance in the early flowering diploid was explained by 

regression functions of the two variables, petiole length and plant 

numbers before harvest. In the early flowering tetraploid variety 

81% of the variance in UVI yield was accounted for by just one 

factor, that of plant numbers before harvest. 

Variance explained in the multiple regression equations of 

late flowering varieties were lower, but both above 50%. Fifty two 

percent of D.Vl yield variation was accounted for from the means of 

all four varieties by functions of the three variables, petiole 

length, stem length and plant mrrnbers before harvest. Plant 

m.nllbers and pet iole length are obviously the most important factors 

in determining UVI yield within varieties under the four autumn 

defoliation managements. Thus the less severe defoliation 

managements of M1 and i'vI2 which promote high plant numbers and 

increased petiole length generally result in increased yield at 

first harvest. 

The multiple regression for management on OM yield at first 

harvest accounted for variance in the range 28 to 60%, and brought 

to I ight some interesting information. For example petiole length 

appeared in 4 out of the 5 regression equations, and in only the 

undefoliated autU1ID treatment, M1, was its regression coeffifient 
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negative. In the regression equations for M2, iVI3 and mean 

management effect the coefficient for petiole length was positive. 

Plant mnllbers after harvest was the IllOSt important variable in both 

M1 and M4 regression equations, and had negative regression 

coefficients in both cases. Thus varieties which had low plant 

mlnbers in combination wi th shorter petioles yielded highest in 

this treatment (Ml> at this harvest, i.e. the early flowering 

varieties (Figure 3.2). These results differ from those of 

Kuhbauch and Voightlander (1981) who found yield and crop height to 

be closely correlated in the first cut of early flowering red 

clover. 

At the second spring/sunmer harvest the Illul tiple regression 

technique only extracted significant regressions on single factors 

for individual varieties, and for the late flowering diploid none 

of the variables measured were significant in explaining variation 

in DM yield. The factors identified in the other three varieties 

explained between 26 and 35% of IlVI yield variance. 

Of note from these regressions is the character stem length 

in the E2n variety which is associated wi th flowering - the 

frequently defol iated treatments in autUllID being observed to delay 

flowering date and diminish flowering intensi ty (CI ifford, 1979). 

Additionally of note is the one appearance of secondary branch 

number as the single significant factor in L2n to correlate \vith IlVI 

yield at the second harvest, and indicates the importance of 

secondary shoots to the IlVI yield of this variety, and perhaps is an 

important factor in its pers i stence. 'I11US managements whi ch allow 

long flowering stems and large leaves, i.e. M1 and M2 treatments, 

:.---'. ' 
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gave greatest yields for early flowering varieties at this second 

spring/sumner harvest (Figure 3.3). Conversely management 

treatments which give high secondary shoots in the late flowering 

diploid variety, i.e. M3 and M4 treatments, gave highest yields at 

this harvest (Figure 3.3) as shown by its negative regression 

slope. 

The values in Table 3.15 for each constituent of the 

analysis for basic minerals were very similar to that published by 

Davies et a1. (1967) and Hunt et a1. (1976) for spring growth of 

red clover. In agreement also were the trends for higher values 

for Ca and the lower values for Na in early compared with late 

flowering varieties of red clover. Both authors cited above showed 

early flowering varieties to be lower in K content compared with 

late flowering ones, whereas data in Table 3.15 show only the early 

flowering diploid to be significantly lower in K than other 

varieties. The clear evidence in Table 3.16, of late flowering red 

clover varieties having higher ni trogen contents throughout the 

season than early varieties, is not supported in the results of 

work done by Davi es eta 1. (1967), a 1 th01..1gh the dec I ine in a II 

varieties in percentage nitrogen over the season shows precisely 

this trend. 

Differences between varieties in IM digestilJility were 

minimal at the first and third harvests, but late flowering 

varieties maintained a higher level of IM digestilJility in mid 

season. This may be 1 inl{ed to the strong compensatory vegetative 

growth of these varieties at this harvest due to autunm management 

and discussed earl ier. Many worlwrs (Woodman et 81., 1934; 
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Dent, 1963; Whitehead, 1966; Davies et al., 1967; Green and 

Corral 1 , 1967; McBratney, 1981) have shown percentage DVI 

digestibility for all legumes to fall during the growing season and 

data from Table 3.17 is consistent \vith this, although the levels 

at the third harvest are perhaps higher than would be expected from 

the wor]{ of Green and Corral 1 (967)and Davies et al. (967). • -: '--'--'-->' • 

Jf':#§@ii 
The value of red cl9Ver for stock feeding has received 

increasing attention in recent years, and various reports have 

indicated its potential in terms of increased animal production in 

both the grazed (fresh) (Hodgson, 1975; Gibb and Treacher, 1976) 

and dried (Miles et al., 1969; Patil et al., 1969; Moseley, 1974; 

Thomson, 1975) form. In all these reports, animals feeding on red 

clover conslDl1ed more herbage than those fed perennial ryegrass, and 

this alone must account for a large proportion of the improved 

production from both sheep and cattle. However, it was also 

reported that the efficiency of utilisation of digested energy for 

weight gain was higher for sheep fed on red clover than for grass 

diets (Moseley, 1974). 

More recent work by Moseley and Jones (979) led these 

worlwrs to conclude that the higher nutritive value of red clover 

compared to perennial ryegrass was due to an increased rate of flow 

of nutrient.s throught the reticulo-rmnen and an increase in the 

proportion of digestible organic matter digested post ruminally. I· 

Thus the phys i ca 1 breal{down of c lover in the rumen may be more 

important than the cl inical measurements of, for example, Il\1 

digestibility presently carried out for herbage variety comparisons 

- especially when comparing quality factors between different 
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species. 
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CHAPTER.. 4 

WINTER MFASlJREMENTS AND DARK RCCM EXPERIMrnI' 

4.1 AIM) 

To investigate any morphological or chemical differences, at 

the end of winter, between varieties or caused by auturm 

management, and to examine any difference for their importance to 

subsequent spring/summer n~ production. 

To obtain a quantitative estimate of the ability of stored 

root carbohydrate to be mobilised and used as 

carbohydrates for shoot development in the absence 

photosynthetic activity. 

4.2 I~ICN 

! 
stru~tural 

of any 

Early researchers in red clover recognised the importance of 

auturm management on the subsequent season's growth ancl persistency 

(Vintanen and Nurmia, 1936; Torrie and Hanson, 1955; Fergus and 

Hollowell, 1960) and found it to be strongly associated with levels 

/ 

~~~~~J?:::~:::;~ 
8~~ . .l:~-::'~-::-:--l 

It~'f~·1g~~~ 
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of nonstructural carbohydrates in roots (Smith 1950; May, 1960; 

Weinmann, 1961; Smi th, 1981). 

Because red clover behaves so similarly to lucerne in this 

respect, it seems surprising that this species exhibits such a 

marked biennial habit. Therrian and Smith (1960) showed that 

preventing flowering by continual removal of buds resul ted in a 

large number of non-flowering crown stems, a larger crown width and 

dry weight, and a higher percentage total available carbohydrate in 

the roots, which combined to give a much lower winter kill than 

plants allowed to flower freely during the seedling year. Some 

morphological and physiological differences between flowering and 

non-flowering red clover plants have been determined by Kendall and 

Hollowell (1959) and Wilding et 81.,(1960) which go some way 

towards explaining the above. 

Gasser and Gagnon (1976) using 9 cultivars of red clover in 

a growth chamber found that they all readily tolerated a large 

nUl1ber of consecut ive harvests. They went on to suggest that 
>~ :-.';'- . -

longevity was physiologically inherent to this species. There was : 

an indication from this trial that later flowering varieties 

(single cut) were superior to early flowering varieties (double 

cut) under repeated defoliation. There was also an indication of 

tetraploids being superior to diploids, a result sho\vo by many 

workers including Anderson (1973), Davies (1974) and Frru1~ (1976) 

to be true in the field. Worl{ by Smith (1961> concluded that the 

winter hardiness of medium red clover is dependent on the root 

concentration of total available carbohydrates of the plants going 

into winter. 
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This trial investigates morphological and chemical 

differences between red clover varieties at the end of winter 

caused by previous autU1ll1 defoliation treatments, identifies these 

differences through stepwise discriminant analyses, and relates 

their importance to subsequent spring/sumler IM production by the 

use of stepwise multiple regression analyses. An attempt will also 

1)e made to obtain a quantitative estimate of TAC to be mobilised 

and used as structural carbohydrates for shoot development in the 

absence of light tmder warm conditions. 

4.3 

On 27/2/79 15 plants from each of the 64 plots of the trial 

at Cae David Lloyd were carefully dug to a soil depth of 400mn, 

uplifted and removed to a greenhouse. 

(a) Ten plants per plot were washed to remove soil from 

roots, and the tops measured for various parameters before 

separation from the roots for oven drying at 85°C for 24 hours for 

weighing and chemical analysis. Roots were trimlled to 359Jl111 from 

the crown. 

(b) The five remaining plants from each plot were 

immediately planted in boxes 450mn deep and 600mn x 900mn in 

surface area containing soil removed from the edge of the trial. 

The 64 boxes were randomised and placed on trolleys and wheeled 

into Garner huts which were sealed to exclude light, and were 

heated to the constant temperature of 20°C. Boxes were watered 

when required during the three weeks that the plants were "grown" 

'-<-...:-:.;-.-:-: .. ,--,~, 
<:..~-:---::--- -'-', , . 
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under these conditions. 

At the end of three weeks 75-80% of the etiolated leaves had ~ 
I 

I 

I 

wi I ted indicating an end to dark "growth" (see Plate 4). 111e 

plants were removed with care from the boxes and the roots washed 
I 

and separated from the tops and oven dried separately at 85°C for I 

24 hours in preparation for weighing and chemical analysis. Dead 

leaf and petiole material was discarded. 

4 .4 .MEASUR.EMENrS 

4.4.1 Morphological 

The morphological measurements taken of the 10 washed plants 

per plot were, counts of the number of basal (primary) shoots and 

the nlU11ber of branches (secondary shoots) which arose from the leaf 

axils of basal shoots. 

4.4.2 Dry Matter 

Combined dry weights of the 10 plants in each treatment of 

each replicate were determined for both roots and tops on an 

electronic top pan balance which weig'hed to the nearest mi 11 igram. 

" The same procedure was used to determine top and root dry weights 

of the combined 5 plants of the dark room experiment. 

4.4.3 Chemical . ~.-... ' . 

All the dried samples were ground using a hanmer mi 11 and 

analysed for percentage total soluble carbohydrate using the 



Plate 4 View of some of the boxs after removal from three 
weeks at 20"C wi thout light. 
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standard one hour water bath hydrolysis in O.2N sulphuric acicl 

detai led by Weinmann (1947). Percentage nitrogen by weight was 

determined using the standard Kjeldahl digestion procedure. 

4.5 RESULTS 

Tables for the main effects of variety and management are 

presented in Tables 4.1-4.5 for each of the parruneters measured. 

Significant variety x management interactions are indicated where 

present in tables, and presented as variety x management regression 

figures in the format proposed by Breese (1969) and more fully 

discussed by Hill (1975). The auttDTrrl management treatments and 

samplings before and after the 3 weeks without light are considered 

as different "environments". 

4.5.1 Primary And Secondary Shoot Numbers 

A "morphological picture" of the four varieties at the end 

of winter, and their reaction to the autUl1ll1 defoliation 
I',,:,',,',:, ' 

managements, is obtained from Table 4.1. The two late flowering 

varieties had higher mmlbers of both primary and secondary shoots 

than the early flowering varieties, and proportionately they had 

higher mmlbers of secondary shoots which caused higher values in 

the ratios of secondary/primary shoot. Within each flowering group .-<, :.; .. ; 

there was an indication that diploid varieties supported higher 

numbers of both primary and secondary shoots than did the 

tetraploids. 
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Table 4.1 Main effects for mnnber of primary and secondary 
shoots and ratio secondary/primary of red clover 
varieties from four autUllI1 management treatments 
at the end of winter - 27/2/79 (per plant data 
derived from means of 10 plants/plot). 

Primary Secondary Secondary/ 
Shoots Shoots Pr imary Shoot 

Variety E2n 10.1 6.3 0.62 
E4n 9.3 5.0 0.54 
L2n 12.0 9.4 0.78 
L4n 11.4 8.5 0.75 

LSD 5% 0.5 1.5 0.14 

Management Ml 12.i 9.8 0.81 
M2 10.8 8.5 0.79 
M3 10.3 6.0 0.58 
M4 9.7 4.8 0.49 

LSD 5% 0.5 1.5 0.14 
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The effect of autumn management Was most pronounced on 

numbers of secondary shoots with a drop of over 50% from Ml to M4, 

while primary shoots dropped by 20% between the same two management 

treatments, indicating a greater sensitivity by secondary shoots to 

frequency of autumn defoliations. This was reflected in the marked 

decrease in the values for secondary/primary shoot ratios from Ml 

to M4. 

4.5.2 IlVI Of Roots And Tops 

Data from table 4.2 shows the late flowering tetraploid to 

have a far greater root and top OM than any other variety. 

Diploids had lower root and top dry weights than tetraploid 

varieties, with the late flowering diploid having values of less 

than half that of its tetraploid counterpart. The top/root ratios 

show that although the diploids have similar values the late 

flowering tetraploid has a higher proport ion of its total mI as 

roots compared wi th the early flowering tetraploid. 

Plates 5 and 6, which picture examples of early flowerin~ diploid 

and late flowering tetraploid plants from each defol iation 

treatment,·demonstrate clearly (along with the D.vl data) the variety 

and defol iation effects at this time. 

As expected, frequency of defoliation in the preceding 

autU11ID had a marked effect on both root and top Il\1, wi th the 

severest treatment, l'v14, being no different to that of !\l3. The 

dec I ining top/root ratios wi th increas ing defo I i at i on in autU11ID 

demonstrates above grotmd parts of red clover to be more sensitive 

to this treatment compared with the root component of OM. 



Table 4.2 Main effects for dry weight of roots and tops and 
ratio of top/root of red clover varieties from four 
auturlI1 management treatments at the end of winter 
27/2/79 (per plant data derived from means of 10 
plants/plot) 

LM Roots (g) 0\1 Tops ( g) Top/Root 

Variety E2n 0.57 1.03 1. 81 
E4n 0.69 1. 38 2.00 
L2n 0.53 0.90 1. 70 
L4n 1.14 1. 81 1. 59 

LSD 5% 0.09 0.21 0.12 

Management Ml 1.17 2.28 1. 95 
M2 0.72 1.30 1.81 
M3 0.55 0.84 1. 53 
M4 0.49 0.70 1. 43 

LSD 5% 0.09 0.21 0.12 

VXlvl .. VxlVl • 
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Plate 5 The ~ffec t of autumn/winter defoliation management 
on plant size, sampled 27 February 1979 - early 
flowering diploid variety. 

t , 
Plate 6 The ~ffect of autumn/winter defoliation management 

on plant size , sampled 27 February 1979 - late 
flowering tetraploid variety . 
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Table 4.3 presents the same type of data as Table ~.2 but 

after 3 weeks at 20°C wi thout 1 ight. It can be seen that during 

this period 35% of root and 65% of top dry weight was lost causing 

top/root ratios to almost halve compared with values at the start. 

Rankings for varieties were the same as before this treatment, with 

the late flowering tetraploid maintaining the highest level of D.VI 

for both tops and roots. The early flowering tetraploid maintained 

a significantly higher proportion of its DVI as top growth compared 

wi th the late flowering red clover variety of the same ploidy 

level. 

The management responses in terms of IlVI were the same after 

3 weel~:s in darlmess as they were before this treatment. Wi thin 

root and top IlVI fractions, a similar percentage loss was recorded 

for each management treatment (Appendix 4.1). Because top D.V1 was 

more sensitive to the dark treatment compared to root IlVI, it caused 

the top/root ratio to drop 41% within management treatments from M1 

(1.12) to M4 (0.66). 

In Tables 4.2 and 4.3 variety x management interactions 

occurred for both top and root D.V1. Figure 4.1 shows the variety x 

environment interaction for root IlVI where the foul' autumn 

defoliation treatments and the samplings before and after the dark 

treatment, were taken as different environments. This figure shows 

the late flowering diploid to be least affected by these 

defoliation/dark exposure treatments, (response coefficient 

b = 0.56+/-0.10), and the tetraploid late flowering variety to have 

the highest yields but wi th a response coefficient of 

b = 1.68+/-0.13 was very sensitive in root D.vI to defoliation and 

'.;-~::~:~~~:~:.:.\ 
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Table 4.3 Main effects for dry weight of roots and tops anc 
ratio of top/root of red clover varieties from four 
autUlm management treatments after 3 weeks at 200C 
without light. (per plant data derived from means 
of 5 plants per plot). 

Il\1 Roots (g) Il\1 Tops (g) Top/Root 

Variety E2n 0.39 0.37 0.95 
E4n 0.43 0.42 0.98 
L2n 0.32 0.29 0.91 
L4n 0.79 0.70 0.89 

LSD 5% 0.33 0.25 0.09 

Management Ml 0.76 0.85 1.12 
M2 0.48 0.46 0.96 
M3 0.34 0.24 0.71 
M4 0.35 0.23 0.66 

LSD 5% 0.33 0.25 0.09 

V:xivl • VxtV1 .. 

102 

~ 
I 

Il\1 

~!;}~?:~ 
r~::::~~i,:,n 
, 



...... 
01 

-Q) 

> 
"0 
c: 

--o 

o 
o 
c: 

1.5 

1.2 -

0.9 

0.6 

0.3 

I 
I 

I 
I 

I 

0.3 

I 
I 

I 

I 
I 

I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

I 
I 

I 

0.6 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

0.9 

I 
I 

I 

Environmental means 

After 

Before 

I 
I 

I 
I 

I 

103 

1.2 

Figure 4.1 Regressions of individual varieties on root OM per plant 

before and after 3 weeks at 20° C without light. • E2n. b = 
0.94!0.06 (r 1 =0. 98 :'f"',"f): __ . E4n. b=0.82 !0.10 (r 1 =0.91 

'X' '" ':'; ): .......• L 2 n • b = O. 56! O. 1 0 (r 1 = 0 . 8 3 ,\, x): _ _ _ _ _. L 4" n . b = 
1 .6 8 ! O. 1 3 (r 1 = O. 9 6 ',\, .: .. ',,(- ) . 
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Figure 4.2 Regressions of individual varieties on mean top OM per plant 

before and after 3 weeks at 20 0 C without light. • E2n. 

b = 0.89 ± 0.04 (r1 = 0.99 'i; .'1: *>: -- --. E4n. b = 1.05 t 0.08 
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absence of light. With slopes of close to one the early flowering 

varieties differ only sl ightly from the mean of the four variet ies 

in each environment. 

Figure 4.2 shows a similar pattern to Figure 4.1 for the 

variety x environment interaction of top DvI. The later flowering 

tetraploid had the greatest yield but was sensitive to repeated 

autliTlll defoliations particularly when followed by a period without 

1 ight. By contrast the late flowering diploid al though lower 

yielding is relatively insensi tive to autumn defol iation and darl{ 

stress. The early flowering tetraploid had a slope which was not 

significantly different to 1.0, and the early flowering diploid had 

a response to these environments intermediate to this and its 

diploid counterpart. 

4.5.3 Total Available Carbohydrate 

The late flowering tetraploid is the only variety to have a 

significantly higher value of TAC than the others for both roots 
r:: 

and tops at 31.1% and 17.1% respectively (Table 4.4). Previous I 

autumn management had an effect on percentage TAC with values 

fall ing 19% from the Ml treatment to the M4. Management had no 

appreciable effect on TAC levels of tops. The sensitivity of 

percentage TAC of roots to increased autumn defoliation was 

reflected in the increase in top/root ratio values from:\tIl to 

M( 3-4) . 



Table 4.4 Main effects for percentage total available 
carbohydrates of red clover varieties from four 
autumn management treatments at the end of winter 
- 27/2/79 (10 plants per plot bull{ed for analysis). 

%TAC Roots %TAC Tops T/R 

Variety E2n 27.06 15.07 .56 
E4n 26.29 14.58 .55 
L2n 28.04 15.13 .54 
L4n 31.10 17.06 .55 

LSD 5% 1. 74 0.86 ns 

Management M1 31. 78 15.46 .49 
M2 29.68 16.62 .56 
M3 25.43 14.87 .58 
M4 25.61 14.90 .58 

LSD 5% 1. 74 0.86 .03 
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Table 4.5 Main effects for percentage total available 
carbohydrate of red clover varieties from four 
autunm management treatments after 3 weeks at 20°C 
without light (per plant data derived from means 
of 5·plants per plot). 

%TAC Roots %TAC Tops T/R 

Variety E2n 5.29 4.63 .88 
E4n 5.02 4.93 .97 
L2n 5.21 4.82 .93 
L4n 5.87 5.09 .87 

LSD 5% 0.40 0.23 .09 

Management M1 5.73 4.91 .86 
M2 5.51 4.96 .90 
M3 5.13 4.78 .93 
M4 5.02 4.81 .96 

LSD 5% 0.40 ns .09 

107 
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Values of root TAC fell to very similar levels for all 

variet ies of red clover after a three weel{ exposure to 20°C 

temperature without light (Table 4.5), the late flowering 

tetraploid variety only just attaining significance over other 

varieties. The tetraploid varieties contained significantly higher 

levels of TAC in their tops compared with their diploid 

cotmterparts within each flowering group. The higher proportion of 

TAC in roots compared with tops in the late flowering tetraploid is 

demonstrated in the top/root TAC ratio where it is significantly 

lower than that of the early flowering tetraploid. 

4.5.4 Percentage Nitrogen 

Variation in the ni trogen analyses was such that no 

differences were detected between varieties in either top or root 

percentage nitrogen (Table 4.6), however N contents for both roots 

and tops were simi lar to those determined by Davies et al. (1966) 

and Whi tehead (1970). A trend for the N level to fall wi th 

increasing frequency of autU1m defol iation was apparant, the M1 and 

M4 treatments being significantly different within tops. 

At the end of the 3 weel{s wi thout I ight the tetraploids had 

higher root pecentage nitrogen values than the diploids, while the 

late flowering diploid was clearly superior to both early flowering 

varieties. The trend of falling root percentage nitrogen with 

previous autUlm defoliation reached significance with Ml>i\12>M3=M4 

(P<0.05). However the reverse occurred in the tops with the M4 

treatment having a higher level of N than either M1 or M2. All 

values for percentage nitrogen were higher than those before the 3 

~ , , 
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Table 4.6 Main effects for percentage nitrogen Wry 
weight basis) of roots and tops of red 
clover varieties from four autumn management 
treatments at the end of winter - 27/2179 
(10 plants per plot bulked for analysis) 

%N Roots %N Tops 

Variety E2n 2.26 4.62 
E4n 2.42 4.51 
L2n 2.53 4.73 
L4n 2.77 5.01 

LSD 5q.. '0 ns ns 

Management Ml 2.81 5.11 
M2 2.75 4.82 
M3 2.41 4.60 
M4 2.30 4.34 

LSD 5% ns 0.76 
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Table 4.7 Main effects for percentage nitrogen 
(dry weight basis) of roots and tops of 
red clover varieties from four autUilm 
management treatments after 3 weel{s at 
20°C wi thout light (5 plants per plot 
bull{ed for analysis). 

%N Roots %N Tops 

Variety E2n 3.40 5.40 
E4n 3.78 5.65 
L2n 3.40 6.20 
L4n 3.81 5.89 

LSD 5g. '0 0.24 0.32 

Management M1 4.03 5.63 
M2 3.78 5.68 
M3 3.26 5.83 
M4 3.34 6.03 

LSD 5% 0.24 0.32 
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weekdarl{ period (Table 4.7). 

4.5.5 MUltivariate Analyses 

stepwise discriminant analyses were carried out using as 

variables data from Tables 4.1, 4.2 and 4.4 to determine the most 

sensitive variables which would allow classification into varieties 

and into management treatments. Stepwise multiple regression 

analyses were also carried out using the same data to see if any 

strong predictive models could be established between factors 

obtainable at the end of winter and subsequent IlVI yield at first 

harvest, both for individual var ieties, and management treatments. 

4.5.5.1 Varieties 

From the 9 variables sutmitted for the analysis the 

following three were selected to form the discriminant flmct ion 

<Table 4.8(a», namely Il\1 of root, IlVI of shoot, and primary shoot 

number. This function was used to classify each of the 16 cases 

for each variety, and resulted in 51 of the 64 cases analysed being 

correctly classified (Table 4.8(b». 

Stepwise multiple regression analysis was carried out on Il\iI 

yield at the first spring/smmer harvest, and the following 

regressions were obtained: 

E2n: Y = 346.1 PSN + 2762.7 

SE+/- 132.4 1355.7 

where Y = DYI yield at first spring/sumner harvest 
PSN = mmlber of pr imary shoots 

r2=0.32' 

f~::~::::7:::" 
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E4n: Y = 76.9 RTAC - 196.2 STAC + 303.4 D\ffi - 1239.3 SIPS + 5562.9 

SE+/- 33.3 111. 4 

where RTAC = %TAC of root 
STAC = 96fAC of shoot 
DY1R = Dvl of root 

81. 2 669.3 

SIPS = secondary /pr imary shoot nmlber ra t i 0 
r2=0.64" 

1394.5 

L2n: Y = 153.9 DMS + 565.8 SSN - 430.5 PSN - 7954.8 SIPS + 10690.0 

SE+/- 24.3 238.7 134.0 2933.5 

where DMS = IM of shoot 
sSN' = number of secondary shoots 
PSN = nmlber of primary shoots 
SIPS = secondary/primary shoot nmnber ratio 

r2 = 0.74 no 

L4n: Y = 37.3 Dvffi + 5885.0 

SE+/- 11.3 145.2 

where X = D~ of root 
r 2 = 0.44 " 

Means of four varieties: 
Y = 44. 3 RTAC + 36. 7 Ilvrs 

SE+/- 17.8 10.2 

where RTAC = %TAC of root 
DVrS = DVI of shoot 

597.3 SIPS + 4899.8 

269.1 751.1 

SIPS = secondary/primary shoot number ratio 
r2 = 0.31 .. 

1600.4 

Perhaps surprisingly these analyses showed that quite close 

relationships can be established between the CM yield at the first 

spring/sumler harvest on 5/6/79, and measurements on various 

components of yield measured over 3 months beforehand. Models with 

reasonably high predictability were established for the E4n and L2n 

varieties as shown above. Variables shown to be most important 

I: ,',' ;', ; ';'.' ;', ~ 
I.·;': ",.-.','-
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Table 4.8(a) Discriminant function for varieties derived 
from 9 suhni tted variables of which [iVI of 
root (ffilR), Il\1 of shoot (IMS), primary shoot 
nlmbers (P&~) had F to enter values of >4.0. 
(Classification was effected when one variety 
function is maximised compared with other 
variety functions when values are substituted 
for any case). 

E2n: 0.24 DMR - 1.03 DMS + 9.29 PSN - 43.84 

E4n: 0.07 D.VlR - 0.75 D.VlS + 7.99 PSN - 33.47 

L2n: 0.21 DMR - 1.26 DMS + 11.35 PSN - 64.08 

L4n: 2.37 DVlR - 1.88 DvlS + 9.51 P&~ - 52.26 

Table 4.8(b) Classification matrix for varieties on 
components of yield measured at the end 
winter in year one derived from the above 
function. 

NlD11ber of Cases Classified into Variety 
% 

Group Correct E2n E4n L2n L4n 

E2n 68.8 11 3 2 0 
E4n 81.3 3 13 0 0 
L2n 87.5 1 1 14 0 
L4n 81.3 1 1 1 13 

Total 79.7 16 18 17 13 
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Table 4.9(a) Discriminant function derived from 9 suhnitted 
variables of which %TAC of root <RTAC) , %TAC of 
shoot (STAC), IM of shoot (mIS) , and top to root 
DVl ratio (T/RIM) had F to enter values of >4.0. 
(Classification effected when one group function 
is maximised compared with other group functions 
when values are substituted for any case). 

Ml: 1. 79 RTAC + 9. 02 STAC - O. 88 D.V1S + 58. 10 T IRDvI - 147. 66 

M2: 1.36 RTAC + 10.49 STAC - 1.29 IMS + 59.18 T/RDM - 152.78 

M3: 1.17 RTAC + 9.59 STAC - 1. 25 DYTS + 52.85 T/RDVl - 122.95 

M4: 1. 1 0 RTAG + 9. 61 STAC - 1. 28 IlVIS + 51. 56 T IRI1VI - 119. 68 

Table 4.9(b) Classification matrix for management on 
components of yield measured at the end 
of winter in year one derived from the 
above function. 

Number of Cases Classified into Management 
% 

Group Correct Ml M2 M3 M4 

Ml 75.0 12 4 0 0 
M2 81. 3 0 13 2 1 
M3 56.3 0 2 9 5 
M4 62.5 0 1 5 10 

Total 68.8 12 20 16 16 
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were the numbers of primary and secondary shoots and the ratio of 

these two factors, the D.Vl of both root and shoot, and the 

concentration of TAC for the root fraction particularly. 

4.5.5.2 Management 

Stepwise discriminant analysis was again employed to attempt 

to classify the four red clover variteties into groups 

corresponding to the four previous autunm defoliation regimes. 

From the 9 variables subnitted for analysis the following were 

selected to form the discriminant function; percentage TAC of root, 

top to root L1VI ratio, UVlof shoot, and percentage TAC of shoot 

(Table 4.9(a». This function was used to classify each of the 16 

cases for each management treatment, the results of which are shown 

in Table 4. 9(b) . They demonstrate a reasonably clear 

classification of 69% correct, with the poorest discrimination 

occurring in the M3 and M4 treatments. 

Stepwise multiple regression analyses were carried out on Dvl 

yield at the first spring/sunmer harvest using data obtained from 

measurements at the end of February to see if any strong 

reI a tionshi ps occurred for autlmm management. The ana lys i s was 

carried out for each management, and the following multiple 

regression equations were obtained: 

M1: Y = 104.5 STAC - 69.2 SSN - 126.8 PSN + 355.5 D'YIR + 6792.1 

SE+/- 67.4 24.9 66.0 

where STAC = %TAC of shoot 
SSN = ntDllber of secondary shoots 
PSN = number of primary shoots 
IlVIR = D\1 of root 

302.4 1378.8 



r 2 = 0.50 • 

M4: Y = 181.5 D.VlR - 1402.6 SIPS + 73.0 PSN + 4770.3 

SE+/- 47.9 446.5 54.8 511. 7 

where DvlR = D.VI of root 
SIPS = secondary/primary shoot number ratio 
PSN = number of primary shoots 

r 2 = 0.47 .. 

M2, M3 and Means of Four Managments: none of the measured 
variables attained the required F value of 4.0 to 
enter the regression equation. 

The most dissimilar management treatments 
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showed 

relatioships between plant factors measured in February and IM 

yield at first spring/sumner harvest, however only half of the 

variation in IM yield was explained by the factors used in the 

regression equations. The two factors DYI of root and number of 

primary shoots included in the above equations were also important 

components of the regression equations for varieties. Varieties 

which gave highest root Il\1' s (L4n) and highest mnnbers of primary 

shoots (L2n) gave highest yields for this harvest (Figure 3.2). 

4.6 DISCUSSION 

4.6.1 Initial Winter Sampling 

Important varietal differences were revealed in that late 

flowering red clovers had 58% more secondary and 21% more primary 

shoots (Table 4.1). This endows these varieties wi th a big 

advantage in numbers of potential growing sites, although it is 

aclmowledged that primary shoots are the more important si tes for 

~ 
! . 
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spring regrowth (Smith and Soberalske, 1975). The absence of any 

variety x management interaction on either primary or secondary 

shoots demonstrates all varieties to be equally effected 

proportionally by autumn management, leaving early flowering 

varieties severely disadvantaged compared to late flowering 

varieties at the end of winter. 

Further definition of the morphological data (Table 4.2) 

shows the late flowering diploid variety to have the lowest top Dvl 

even though it had the highest primary and secondary shoot number. 

The regression Figures 4.1 and 4.2 demonstrate the high root and 

top IM of the late flowering tetraploid variety while maintaining a 

low top/root ratio (Table 4.2), a factor claimed by May, (1960) as 

important in the survival of this species. 

The slope of the regression curve for the late flowering 

diploid was half that for the tetraploid and indicated its 

prostrate habit and the buffering capacity due to the high numbers 

of primary and secondary shoots which imparts a resistance to [M 

loss in top growth in adverse environments. It was observed that 
I .. ·. 

by the time the autunm treatments were being appl ied the 

photoperiod-responsive late flowering diploid had already acquired 

its winter dormant "rosette" morphology of a tight prostrate crown 

(Gorman, 1955), more so than other varieties, thus avoiding the 
.. ::.' ~ . : - : -

autUlll1 defol iations appl ied at a cutting height of 40-5011111. This 

character has obvious positive implications for persistence. 
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The accumUlation of TAC has been demonstrated by several 

early investigations (Smith, 1950; Wood and Sprague, 1952; Bula and 

Smith, 1954; and Ruelke and Smith, 1956) to be critical in the 

survival of overwintering legumes. In his review Weinmann (1961) 

assessed autum to be the most important period during which 

accumulation of TAC in the storage organs tool{ place. He concluded 

that defoliation would have a more lasting effect upon TAC storage 

during autumn than at other times of the year. 

Colville and Torrie (1962) compared an August defoliation to 

a September and October defoliation of medium red clover and found 

no differences in percentage TAC of roots between treatments, 

al though a depression in subsequent DVI product ion was noted in the 

second treatment along with a higher incidence of root rot (a 

complex of bacteria and fungi, Ki lpatricl{ et a1. (1954». As the 

cutting height for the autullm defoliations was 100m11 it is perhaps 

not surprising that, unli1{e this study, root TAC levels were not 

significantly affected in that study. 

Resul ts obtained here (Table 4.4) show not only a marl{ed 

decrease in percentage TAC of roots wi th increas ing ml11ber of 

autumn defo I i at ions, but differences wer-e apparent between 

vari eti es. Thus this important factor which has been stressed as 

criticalbyworl{ersformany years for cold resistance in red 

clover, may have a large genetic component late flowering 

populations, particularly tetraploids, having higher root TAC 

concentrations than early flowering popula ions. This could 

perhaps explain the excellent resul ts being obtained by worl{ers in 

the U.K. with Astra and Aled (Davies 1974; Hunt et 81. 1975), and 

~~ 
I 
! 
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I 



119 

in New Zealand wi th Pawera (Anderson, 1973; Hay et al. 1977; Hay 

and Ryan, 1983), all of these varieties being late flowering 

tetraploids. 

The autu1lI1 defoliation regimes adopted for this study did 

not allow root TAC to rise to the levels obtained in in the 

undefol iated M1 treatment. In fact treatments defol iated 2 and 3 

times had root TAC concentrations 19% lower than that of Ml. 

Ruelke and Smith (1956), and Jung and Smith (1960) have shmVI1 that 

root TAC levels build up in autunm to reach a peal{ in November, 

after which it decl ines gradually unt i 1 spring, (due to metabol ic 

activity), when it drops sharply at the time spring growth occurs. 

The discriminant analysis has identified nunbers of primary 

shoots, and n~ of roots and shoots, as the variables most important 

in distinguishing between the varieties, and this enabled a correct 

classification of 51 of the 64 cases analysed for each variety 

group. 

The multiple regression analyses on varieties showed for the 

diploids that n~ yield at the first harvest is dependent to a large 

extent on the mD11bers of shoots, and, in the case of L2n, Il\1 of 

shoots. It was to be expected that the small organed diploid late 

flowering variety would be dependent on shoot number to bring its 

TIVI yield onto parity with the other varieties. The variable, 

secondary shoot mmlber was so important that primary shoot mmlber 

was negatively correlated to yield in the regression equation, as 

was the secondary to primary shoot mmlber ra t i 0, wh i I e the nUllber 

of secondary shoots was positively correlated. Obviously 
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management treatments which produce high secondary and low primary 

shoot ntmber, i.e. Ml and M2, produce highest yields with this 

variety. The four variables in the regression equation for this 

variety accounted for 74% of the DvI yield variance. 

Of the factors measured in February tetraploid varieties 

were shown by multiple regression analysis to be most dependent for 

Il\1 yield at first spring/stunner harvest I on Il\1 of root, and in the 

case of E4n, percentage TAe of both root and shoot and 

secondary/primary shoot mnllber ratio as well. Variables wi th 

negative coefficients in the regression equation on D.\1 yield were 

percentage TAC of shoot and secondary/pr imary shoot ntullber ra ti o. 

Thus the Ml, (and to a lesser extent the M2 treatment> which 

promote high root TAC levels, high root Il\1, and high mm1bers of 

primary compared to secondary shoots, have produced more n~ yield 

at the first harvest in spring/stD1mer with this forage species. In 

fact these four characters in the regression equation of variety 

E4n explained 64 06 of the variation in subsequent Il\1 yield. The 

single character of root DvI explained 44% of the DvI yield of first 

spr ing/stmmer harvest for val' i ety L4n. These results are 

interesting in light of the comment made by Davies (1972) that 

increases in yield and persistence of tetraploid· red clover 

compared with diploids may be due to the increase in root mass of 

these varieties. 

The four characters s igni f i cant in di scr imina ting the data 

into management groups (69% correct) were the TAC concentration of 

both root and shoot, the Il\1 of shoot and appearing for the first 

time the top/root Il\1 ratio. M3 and M4 treatments could not be 
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classified apart. 

The regression equations on yield at the first harvest for 

management treatments Ml and M4 show some interesting differences. 

For Ml both mnnber of secondary and primary shoots have negative 

coefficients, thus the varieties that had low numbers of primary 

and secondary shoots, i.e. the early flowering varieties, had 

higher IM yield at this harvest (Figure 3.2). On the other hand 

the varieties which had the highest numbers of primary shoots, (the 

late flowering) had the highest Il\1 yields for treatment M4, as the 

regression equation on n~ yield for this management gives a 

positive coefficient for mnnber of primary shoots. Further, root 

DM was the most important single factor in this most severely 

autum defoliated M4 treatment, whereas in the unstressed Ml 

treatment it was the least important of the four factors in the 

regression equation affecting yield. 

Thus through the use of multiple regression equations, 

important characters of the IM yield components can be identified 

and quantified in relation to each variety and to management. This 

has implications for efficient management of pure red clover 

swards, and the selection of appropriate varieties for particular 

management systems. 

k::~::-:':-=-::-~ ;:~ 
_ .... "" ..... 

4.6.2 Dark Room Exper iment 

After 3 weeks without light and at a constant temperature of 

200C there were large falls in n~ and in levels of TAC of both 

roots and tops. This also occurred in another dark room experiment 
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(Kendall and Hollowell 1959) with medium red clover grown under 

differing photoperiods to give a range of flowering stages which 

had varying root TAC concentrations. They found that the plants 

~vith the highest root values for percentage TAC at the start 

demonstrated a greater abil ity to produce etiolated shoot growth 

than did those with lower initial levels, and they grew at a 

greater daily rate. 

Albert (1927) investigated plant growth in the dark and 

found that, when the concentration of soluble carbohydrates had 

decreased to 3-5%, growth of tops stopped. Thus it can be asslD1led 

that this point was probably reached in this trial with both root 

and top TAC values at around 5%. There is an indication frall work 

by Graber et al. (1927) and by Pearce et al. (1968) that plants 

older than those used in this experiment (8 months) would have 

tal<:en longer to exhaust carbohydrate reserves. 

The contribution to new growth from TAC from tops was 

considerable in this trial and is an aspect that has tended to be 

ignored in the literature, although in his review May (960) notes 

that following defoliation, TAC reserves must be adequate to 

support the early regrowth of tops, and reserves in roots must be 

sufficient to sustain the respiratory requirements of undergrolmd 

organs while there is no foliage. 

By removing the red clover plants from t.he field in the 

midst of the coldest winter for 16 years (Appendix 3.1(b» and 

placing them in a 20°C environment a great deal of available 

carbohydrate and hence n~ would be lost through increased 
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respiration. The increased temperature and the stress of complete 

darlmess would assist in hydrolysing the starch to simple sugars. 

Al though the bull{ of these would be used as a respiratory 

substrate, it is safe to assmne that some of it must have been used 

in the synthesis of structural tissues in the etiolated shoots. 

A sUbstantial amount of the decrease in the top DM 

(Appendix 4.1) was caused by the death and subsequent loss of 

existing photosynthetically active leaves and petioles when placed 

in the dark environment. It was decided not to remove these leaves 

prior to the commencement of the dark experiment as utilisation of 

available carbohydrates mobilised from these tissues would have 

been sacrificed (Smith and Silva, 1969). 

The loss of TAe and DM in the roots (Appendices 4.1 and 4.2) 

\vas accompanied by an increase in the percentage of total nitrogen 

in the roots, but the quantity of total nitrogen in the roots 

changed very 1 i ttle, (%N x D\1). This finding is supported by worl{ 

of Smith and Graber (1948) with sweet clover (MeJilotus spp.), and 

that of Jung and Smi th (1960) wi th medium flowering red clover, who 

noted this occurrence over the winter period. 

A measure of the amount of red clover leaf and petiole lost 

from the top Il\1 dur ing the dark room experiment could be made from 

the difference between the quantity of total nitrogen present 

initially and that left at the end of the 3 weeks. This 

calculation aSSllllles that they should be approximately equal. From 

this simple exercise (Appendix 4.3) it was determined that the mean 

DVl loss of leaf and petiole from all treatments was about 59% of 
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ini tial QvI • 

. This trial demonstrates clearly that the "condi t ion" the red 

clover plant is placed in, in terms of Its branching, amount of u\1, 

and percentage of total available carbohydrate and nitrogen due to 

autumn management largely detennines, wi th some varietal 

differences, how that plant is able to respond to re~rowth 

processes in the following spring. 

f:';·--' --" 
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GRAZING 1RIAL 

5.1 AIMS 

To investig'ate the effects of frequency of autumn/winter 

grazing on subsequent ml yield of a pure sward of diploid early 

flowering red clover, and to identify which morphological and 

chemical components of yield are most sensitive to these 

treatments. 

5 , 2 INIRODUCTICN 

Al though much worle has been done on the effects of aut1..U1ll1 

defol iations by cutting on red clover stands, including this worl{ 

(Chapters 3 and 4), very little work has been done on these same 

effects when defoliation is achieved via the grazing animal, as 

noted in Chapter 2. 
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Because red clover swards are utilised in auturrm principally 

by grazing animals, it was considered important to obtain some 

comparable measure of autunm grazing effects along with the cutting 

trial (Chapters 3 and 4). Through the use of discriminant and 

multiple regression analyses it was hoped to identify and quantify 

components of yield responsible for any subsequent yield depression 

due to autunm grazing treatments. 

5.3 EXPERIMENTAL MImms 

5.3.1 Trial Site 

The Cae Glanrafon si te at the WPBS is a flat river flood 

plain with a typical brown alluvial soil (Rudeforth, 1970) of the 

Teme series, which consist of fine silt river alluvium 

(Wright, 1983). This site was situated approximately 800m 

northeast of the meteorological station. 

5.3.2 Experiment.al Design And Treat.ments 

A 16 plot latin square design was used consisting of four 

treatments wi th four repl ications. Each plot measured 10 x 15m and 

contained a one year old uniform sward of Sabtoron red clover. an 

early flowering diploid red clover variety which had received three 

silage harvests on 23/5178, 1017178, and 27/8178 during its first 

harvest season. 

Timing of subsequent management treatments for the duration 

of this one year trial are the same as for those of the cutting 

trial (Chapter 3) and are as follows: 

(a) Autumn/Winter lYIl ungrazed from Augus t 

~il 
I 
I 

I 
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M2 grazed September to 50mm 
M3 grazed September and November to 50mm 
M4 grazed September, November and January 

to 50mm 

(b) Spring/Slmmer 3 si lage cuts (fences removed) in late May. 
early July and late August for all treatments. 

5.3.3 Procedure 

The three autumn/winter grazings were carried 
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out 

immediately following DvI determinations. All plots were stocl{ed 

wi th Cllm cross wethers at a rate which would achieve wi thin 48 

hours a grazing to the height sampled for D.VI. Allowance was made 

for differences in IM on offer between treatments, and average 

stocking rates for each grazing are given below: 

First Grazing 
Second Grazing 
Third Grazing 

27/9178 
21/11178 
211179 

48 hours with 8 wethers/plot (533/ha) 
36 hours with 6 wethers/plot (400/ha) 
20 hours with 7 wethers/plot (467/ha) 

Towards the end of winter, on 28 February the fences were 

removed and marker pegs, indicating the paddocl{ corners, put in 

place. The trial area was then sprayed wi th carbetamide 

(Carbetamex) at a rate which applied 3.2 kg ai./ha to control grass 

weeds - principally Poa annua. 

Before sowing in May 1977 applications of 5000 kg/ha of lime 

and 500 l{g/ha of 25% potassic superphosphate had been worl{ed into 

the soil. In April 1978 and 1979, 350 kg/ha of 25% potassic 

superphosphate was surface applied to the whole trial area as 

maintenance dressings. 

5.3.4 IVleasurements 

Ill111ediately following fencing in early September, four areas 

--.".-->:-.: 
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per paddocl{ each 1m were marl{ed out with permanent pegs to allow 

accurate placement of a m frame and thus act as a permanent site 

for plant mnnber cmmts for the duration of the trial. Plant 

counts were taken at the corrmencement of the trial and at regular 

intervals over the next year. 

Dry matter determinations were made from two strips which 

were cut from random sites within each paddock, approximately 5m 

long and 1m wide at a height of 50mn. The length of each strip was 

measured following ~utting to determine precisely the area of 

herbage harvested. After weighing the fresh herbage, subsrunples 

were tal{en for percentage D.VI determinations and afterwards were 

ground wi th a haJ11l1er mi 11 in prepara t i on for chemi ca 1 ana 1 yses. 

Because there was very little herbage in the November and 

January grazed treatments, these were sampled with hand shears 

us ing ten random 1 y placed O. 093ni quadrats per paddoclL 

Before spraying with Carbetamex 10 plants from each of the 

16 paddocks were carefully dug up and removed to the greenhouse in 

the SaJlle manner as for Chapter 4. These plants were examined for 

mmbers of primary and secondary shoots, and carefully washed to 

enable separation into fibrous root, tap root and top fractions for 

DM determinations from drying at 85°C for 24 hours. Chemical 

analyses for percentage total available carbohydrate and percentage 

nitrogen were then carried out on each of these plant fractions. 

One week before the first springlsullmer harvest, 25 primary 

shoots were removed at random from each of the 16 plots, and 

detailed measurements for components of yield recorded. These 

included petiole length, length and width of the primary leaflet on 

, -:-
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the second fully expanded leaf from the growing point, leaf mmber, 

stem length and diameter, and D.VI of the leaf plus petiole and the 

stem fractions, after separation. 

5.4 RESULTS 

5.4.1 Meteorological Infonmation For Trial Period 

Meteorological data for the period covering this trial 

(Appendix 3.1(a) and (b» show that after the warmest autUilill 

recorded at the WPBS the triaJ suffered the coldest winter for 16 

years, (see Plate 7), which was followed by a cold wet spring 

inc I uding a flood when 55rrro fe lIon 10 May, (rainfall for May 1979 

was 160m11). Thus, although by no stretch of the imagination could 

it be called an average year cl imatically, the bull<: of the growing 

season was largely unaffected by the climate extremes experienced 

during the course of the trial. 

5.4.2 PI ant Nllnbers 

From the tmposiin of the first autUilill/winter grazing in 

September it this treatment had an imnedi a te was obvious that 

effect on plant nlmlbers over and above the loss a II treatments 

sustained over the winter period (Table 5.1> . From the Apri 1 

sampl ing, pI ant mmlbers in the M1 trea tment rema ined constant, 

whereas the other autumn-grazed treatments lost plant numbers up to 

the June sampling (after the first spring/sumler silage cut). By 

the July sampling all treatments were significantly different in 

terms of plant numbers, and there was a 100% difference in mnnbers 

of red clover plants between M4 compared with i\U and M2. 



Table 5.1 Plant mnnbe r pe r ni at various dates for the 
term of the trial. 

Sampl ing Da te 

25/8178 5110178 15112178 19/4179 1116179 

Management M1 56.6 50.8 44.3 33.6 33.5 
M2 63.0 39.9 37.1 31.6 28.6 
M3 63.0 40.0 33.4 23.3 19.6 
M4 60.8 46.5 35.9 22.3 15.8 

LSD 5% ns 7.3 6.5 5.7 4.6 

Table 5.2 DVI yield for the autumn/winter grazings (){g/ha) . 

Grazing Date 

26/9178 20/11178 2611179 Total 

M2 775 775 
M3 841 209 1050 
M4 891 84 116 1091 

LSD 5% ns ns ns 263 
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33.6 
28.8 
19.2 
14.3 
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Plate 7 View of the gra z ing trial under a blanl<e t of snow 
in winter (January 1979). 

I 
Pl a te 8 The a ff ec t of autunn /wint e r graz ing trea tment s on 

p lant s i ze , sampl ed 27 February 1979. 
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5.4.3 Dry Matter Yield 

As expected there was very 1 i ttle difference in D.\I yield 

between treatments at the September grazing (Table 5.2). Large 

variation between replicates meant that the considerable difference 

between the M3 and M4 treatments at the November grazing failed to 

reach significance. Total yield from the M2 treatment (one grazing 

only) was less than that of either M3 or M4. 

There was a marl{ed effect of frequent autuTIn/winter 

defoliatons on IlVI yield at the first spring/slnmler harvest with a 

yield drop of 58% between MIIM2 and M4 (Table 5.3). There was no 

difference betwen treatments Ml and M2. At the second harvest 

there was very little difference between yields of any treatments, 

M2 just attaining a yield superiority over M4 at the 5% level. 

However at the third harvest large differences in D.YI yield were 

again apparent with both M3 and M4 having lower yields than M1 and 

M2. Total ])VI production for the three spring/sumner silage 

harvests are in the order Ml=M2>M3>M4, P<O.05. 

The total year's DVl production for these autuM grazed plots 

<Table 5.4) shows the M2 °treatments to have the highest annual IM 

yield, with Ml and M3 similar, and M4 having' a lower yield than any 

other trea t.ment. 

5.4.4 Components Of Yield 

5.4.4.1 At The End Of Winter 
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Table 5.3 D.YI yield for the three spring/sl1nrner harvests (]{g/ha). 

Harvest Date 

5/6179 1017179 28/8179 Total 

Ml 2850 2689 2008 7547 
M2 2921 2724 2246 7891 
M3 1849 2526 1522 5897 
M4 1224 2325 1154 4703 

LSD 5% 572 384 417 852 

Mean 2186 2566 1733 

um 5% (for means) 356 

Table 5.4 Total year DM yield (kg/ha). 

Ml 7547 
M2 8666 
M3 6947 
M4 5794 

LSD 5% 865 
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All treatment means for components of yield measured on 27 

February 1979 (apart from the variable, %TAC of fibrous roots), 

show a significant trend to decreasing values from M1 to M4 

(Table 5.5). Thus the frequently grazed plots in autumn/winter are 

clearly disadvantaged in all plant components important in 

contributing to DV1 yield. The variables, m10f tops, secondary 

shoot number, and percentage TAC of roots show the largest 

variation with different managements, and thus appear to be the 

components most sensitive to the treatments imposed. Plate 8 shows 

how management treatments affected plant size. 

Stepwise discriminant analysis was carried out on these data 

to see which were the most useful variables for classification into 

management treatment groups. From the 13 variables Subllitted for 

analysis the following were selected to form the discriminant 

function <Table 5.6(a» and had F to enter values of >4.0, 

percentage TAC of root, and percentage TAC of shoot. This flmction 

was used to classify each of the 4 cases for each management, the 

results are shown on Table 5.6(b). This classification matrix for 

managment achieved an overall percentage correct classification of 

81%. 

Stepwise multiple reg'l'ession analysis was carried out on Il\1 

yield at the first spring/slrrnner harvest using the same data as 

above to see if any strong predictive model could be established, 

and the following regression equation was obtained: 

Y ::: 181. 7 RTAC 88.0 FTAC 1095.9 

SE+/-

where Y 
RTAC 
ITAC 

27.7 32.9 264.9 

::: IM yield at first spring/slnmler harvest 
::: °6TAC of tap root 
::: %TAC of fibrous root 

.,'. - .... ;-:- ,:,', 
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Table 5.5 Components of yield measured 27/2/79. (per plant data 
derived from means of 10 plants/paddoclO. 

Secondaryl IlVI IlVI Top/ 
Primary Secondary Primary DVI Tap Fib Root 

Shoot Shoot Shoots Tops Roots Roots IlVI 
No No (g) (g) (g) 

Ml 11. 2 21.3 1.90 1. 68 1.19 0.34 1.10 
M2 9.5 13.0 1. 37 1. 25 0.78 0.19 1.27 
M3 9.0 13.0 1. 44 0.92 0.79 0.07 1. 06 
M4 6.5 8.2 1. 26 0.65 0.81 0.16 0.67 

LSD 5% 3.5 3.6 0.58 0.44 0.34 0.23 0.21 

%TAC %'rAC %'rAC %N 'IoN Top %N Fib 
Shoot Tap Root Fib Root Tops Root Root 

Ml 10.0 18.5 11.7 4.23 2.39 3.90 
M2 11. 4 16.9 12.1 3.98 2.26 3.69 
M3 10.5 13.1 10.5 3.60 1. 92 3.16 
M4 9.0 10.5 8.1 3.13 1.92 2.85 

LSD 5% 2.1 2.90 ns 0.44 0.31 0.39 

;I::'-~::--":'"-:~--.,::;~,,; 

~2::::~t~ 

,".,_._,_,_._ .".0 

'~~~-y~~~~~e~i~ 
;~.~-. '-::-:'~:.::;? 
.-P'-'. ,', .'_','-> 
-c,,,:,,"~,:~ 

... >-". 



Table 5.6(a) Discriminant function derived from 13 sutmi tted 
variables of which °6TAC of root (RTAC) and %~AC 
of shoot (STAC) had F to enter values of >4.0. 
(Classification effected when function solution 
is maximised for a group. for any case's RTAC and 
STAC values). 

Ml: 5.97 RTAC - 2.36 STAC - 44.8 

M2: 3. 77 RTAC + O. 42 STAC - 35. 6 

M3: 1.68 RTAC + 2.22 STAC - 24.1 

M4: 0.89 RTAC + 2.47 STAC - 17.2 

Table 5.6(b) Classification matrix for previous auttmm 
management derived from the above fW1ction. 

Number of Cases Classified into Managen~nt 
% 

Correct M1 M2 M3 1\14 

Management Ml 100.0 4 0 0 0 
M2 75.0 1 3 0 0 
M3 50.0 0 1 2 1 
M4 100.0 0 0 ·0 4 

Total 81.3 5 4 2 5 

136 
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r 2 = 0.81 ... 

Thus it has been established that autumn/winter grazing 

managements which give rise to highest TAC levels in tap roots and 

lowest TAC levels in fibrous roots at the end of winter, give 

highest IlVI yields at the first si lage cut in spring. This 

regression relationship explains 81% of the variation of D~ yield 

at this harvest, and can be seen as a powerful predict ive tool in 

these cicumstances. 

5.4.4.2 First Spring/Sumler Harvest 

Data for components of yield measured a weel{ before the 
_0-- •• -:-'-

first spring/sumler harvest (Table 5.7) show large management 

effects and are consistent with results obtained at this harvest 

(Table 5.3). 111e plant components, ['(\1 of leaf, IM of stem, and 

stem length appeared to be the ones most sensitive to frequent 

grazings in the previous autl..mm. 

Stepwise discriminant analysis was used on the data in 

Table 5.7 plus the plant number counts carried out on 1914179 and 

1116179. From the 11 variables SUOllitted for analysis just one was 

selected to form the discriminant function, DYl of leaf, as it was 

the only one which had a F to enter value >4.0 (Table 5.8(a»). 

This ftmction was used to classify each of the 4 cases for each 

management (Table 5.8(b», and it correctly classified 13 of the 16 

cases. 
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Table 5.7 Components of yield measured 28/5179, (per sing'le 
primary shoot basis). 

Pet. Leaflet Leaflet Leaf stem stem IM IM list 
Length Length Width No. I Diam Leaf stem D.Vl 

(mn) (nm) (m11) (nn1) (11111 ) ( g) (g) 

Ml 54 23 19 4.0 252 3.8 0.22 0.13 1.69 
M2 48 21 17 3.6 214 3.3 0.18 0.11 1. 66 
M3 35 17 16 3.2 128 2.4 0.10 0.04 2.52 
M4 26 14 13 3.2 120 2.1 0.06 0.02 2.97 

LSD 5% 10 3 2 0.3 37 0.4 0.04 0.04 0.78 

[: .... 



Table 5.8(a) Discriminant function derived from 11 submitted 
variables of which leaf D\1 (DYIL) was the only 
one to have an F to enter value >4.0. 
(Classification was effected when the solution 
of a group function was maximised for any case's 
DYIL va 1 ue) . 

M1: 287.2 DML - 33.4 

M2: 228. 0 DY1L - 21. 6 

M3: 130.7 llVIL 8.0 

M4: 80.5 DYlL - 3.9 

Table 5.8(b) Classification matrix for previous autunm 
management derived from the above function. 

Number of Cases Classified into Management 
?6 

Correct M1 M2 M3 M4 

Managemen t iVll 50.0 2 2 0 0 
M2 100.0 0 4 0 0 
M3 75.0 0 0 3 1 
M4 100.0 0 0 0 4 

Total 81.3 2 6 3 5 

139 
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Stepwise multiple regression analysis was carried out using 

the above data on the DVI yield obtained at the first spring/smrmer 

silage harvest to investigate the possibility of a good-fitting 

predictive model. The following multiple regression equation was 

obtained: 

Y = 240.3 SL + 30.3 PNB 1064.8 

SE+/-

where Y 
SL 
PNB 

46.1 9.7 205.3 

= IM yield at first spring/sumner harvest 
= stem length 
= plant mmlbers before harvest 

r2 = 0.87 n. 
A very strong relationship has been found at this harvest 

between two components of yield, stem length and plant numbers, and 

the Il\1 yield. In fact the above function containing these two 

variables accounts for 87% of the variation in D~ yield and is thus 

a very good predictive model. 

5.4.5 Mineral Composition t\nd Quality 

Samples for basic mineral elements were taken at the first 

spring/surrmer harvest, and as Table 5.9 shows, levels were 

consistent with the cutting trial, with three out of the four 

minerals showing no effect of management treatments. Percentage K 

values were however significantly lower for treatments 1\13 and 1\14 

than for M1 and M2. 

Percentage N values were meaned over management treatments 

for each of the 3 spring/sumner silage harvests, as there were no 

significant management differences (Table 5.10). Consistent with 

the cutting trial results, the N levels declined over the growing 

season. Table 5.11 shows there were no management effects at any 

~:~f:::'~~: 
I-=~':?)~;j 

I 
1-
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Table 5.9 Basic mineral elements for managements at first 
spring/surrmer harvest. 

°6K %Ca %Mg 96Na 

Managemen t Ml 3.63 1. 48 0.41 0.08 
1'12 3.62 1. 60 0.41 0.08 
M3 3.14 1. 50 0.38 0.08 
M4 3.00 1.60 0.39 0.09 

LSD 5% 0.46 ns ns ns 

Table 5.10 Percentage ni trogen contents of herbage ffit 
for the three spring/surrmer harvests (means 
of four managements). 

Harvest 

5 Jtme 10 June 28 Aug LSD 5% 

Mean 3.92 3.11 2.83 0.18 

Table 5.11 Percentage ffit digestibility for managements at 
first spring/surrner harvest. 

Harvest 

5 Jtme 10 July 28 Aug 

Managemen t M1 80.6 76.6 71.9 
M2 81. 3 76.4 71.3 
M3 81. 6 74.0 72.3 
M4 80.4 74.6 73.1 

LSD 5% ns ns ns 

Mean 81.0 75.4 72.2 

LSD 5% (for means) 2.4 

141 
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harvest for percentage DIll digesti bi 1 i ty but there was a trend for 

the Ml and M2 treatments to have higher values at the second 

spring/sunmer harvest, the reverse occurring at the third cut. 

5.5 DISCUSSION 

This trial was important as it gave some measure of 

comparison between cut and grazed swards undergoing the same 

management treatments. The author considers these resul ts 

important also because the official 1 ine of the NAIB at the time of 

this work was that there was no evidence to show herbage varieties 

would react any differently under grazing than under cutting, which 

was the standard NIAB testing procedure (Aldrich, 1975; 1977). 

However, care must be talwn wi th comparisons between this trial and 

the cutting trial, as the grazing sward is a year older and growing 

on a different soil type, although all other aspects of the two 

trials were standardised. 

Many workers have found that red clover plant mD1lbers are 

lost mainly over the winter periods of their first and second 

years, <Bird, 1948; Smith, 1957,1963), and they related this to 

growth habit and propensity to flower in the seeding year (Therrien 

and Smi th, 1960; Choo, 1984). This trial supports those findings 

but demonstrates the large effect autunn/~vinter grazings have on 

plant death over this period with the most frequently grazed 

treatment M4 continuing to lose plants in significant nunbers up 

lmti 1 the first spring/sumler si lage cut in June. 
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The most interesting aspect to have emerged from this trial 

was that the ungrazed treatment M1 did not yield any differently to 

the September grazed M2 treatment in subsequent spring/sllluner 

silage cuts (Table 5.3). In fact when the yearly n~ yield totals 

are considered the M2 treatment yielded significantly more 

(Table 5.4). This was due to the autumn DVI utilized in September 

by the M2 management, which was lost through senescence over the 

winter by the ungrazed M1 treatment . 

. Other features were the very large effect of the November 

and January 

than for 

grazings on subsequent spring/summer growth, (greater 

the cutting trial, Chapter 3) and the confirming 

evidence of some form of compensatory growth in mid season (second 

silage cut) by the plots most frequently grazed in autllllm/winter. 

This effect has been noted in New Zealand tmder grazing by Hay and 

Ryan (unpub.), and shown to occur in the cutting trial (Chapter 3). 

It has been commented on previously by Brougham (1960) that mixed 

swards hard grazed in winter yielded high percentage red clover 

.cM's in summer, however it was impossible to separate out the 

competi tive effects in his stUdy. 

All reported worl{ in the U.K. and Austral ia wi th pure red 

clover swards l..mder g'razing, has been done either for animal growth 

rate studies (Pati 1 et ai., 1969: Betts and Newton, 1975; 

Greenhalgh and Reid, 1975; Hodgson, 1975: Gibb and Treacher, 1976), 

or for its oestrogenic activity to ewes <Barrett et al. 1965; 

Morley et al. 1964; Newton and Betts, 1968; Marshall, 1973; 

Thomson, 1975; DicI{son et al., 1977; Shacl{ell and Jones unpub.), or 

for its bloating properties on both cattle and sheep 

(Greenhalgh, 1974; Maclde, 1975; Meadowcroft, 1975; Frame, 1976). 

r> 
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It is a pi ty that worl<:ers have concentrated so intensely on the 

negative aspects of red clover, as established management and 

chemical practices are available which can control bloat 

(Johns, 1963) and careful management can ensure that 

phyto-oestrogen effects are minimised <Harris and Baxter, unpub.). 

The multivariate analyses carried out on the plant data 

collected in February demonstrate the cri tical importance of the 

available carbohydrate concentration in the root at this time of 

year, firstly for its strong influence on subsequent regrowth 

(correlation coefficient between DM yield at first spring/summer 

cut and percentage TAC of roots in February r = 0.85 n,), and 

secondly the influence that the autumn/winter grazings had on 

percentage root TAC. 

The components of yield measurements made shortly before the 

first harvest were all found to vary significantly with management, 

and discriminant analysis gave an accurate classification of 

management treatments by using only the one variable, DvI of leaf 

plus petiole. ~rultiple regression analysis gave a very strong 

relationship between the DVI yield obtained at the first 

spring/sunlller si lage cut and the stem length and numbers of plants 

per m, both measured before this harvest. This is consistent with 

worl{ of Kuhbauch and Voight lander (1981) who found yield and crop 

height to be very closely correlated for first cut in an early 

flowering red clover. 

In this case it may seem rather obvious that a grazing 

management regime which causes a reduction in plant mnnbers and 

stem length in the spring regrowth would lead to a yield reduction 

I ! 

f:>~::~:;~~ 
I 
, 
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at that harvest. However, it does quantify mathematically two of 

the plant components of yield which are most important in 

determining that yield, and for both sets of measurements 

establishes a causal relationship between grazing treatments 

carried out in the autu1m/winter and the first silage harvest in 

spring. 

Thus it would appear that there is validity in the advice 

given to North America farmers that late autU1ill defoliations of 

pure stands of red dover are detrimental to their productivity and 

persistence (Torrie and Hanson, 1955; Colville and Torrie, 1962). 

Researchers relate this to decreased carbohydrate levels which are 

implicated in cold resistance and ability to overwinter 

successfully (Rue Ike and Smi th, 1956 i Steponkus, 1978). Cold 

hardiness is not regarded as an important criterion for red clover 

breeding in the U.K. (W. Ellis Davies, pers. comn.) or New Zealand 

(L.A. Anderson pers. comn.) , and the combination of late 

autum/winter grazings (M3 and M4) which lowered avai lable 

carbohydrate concentrations in roots of these treatments 1,:_ ,<_'_,','.' 

I 

(Table 5.5', and the very cold winter (Appendices 3.1(a) and (b) 

may have been responsible for the higher winter mortality shown in 

Table 5.1. These effects cannot, however, be separated from those 

of treading damage, as Edmond (1964) showed red clover to have a 

low tolerance to treading. 

Results from this trial would indicate that uti 1 isation by 

sheep in late September, after a silage cut in August, in this 

environment is preferable to leaving ungrazed (Thomson, 1975), and 

that grazings after September cause severe depletion of plant 

nmlbers and subsequent production of an early flowering diploid red 
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clover sward. Late season grazings have a larger detrimental 

effect than late season cutting (Tables 3.4 and 3.5 compared with ~
':~"~"-""'~~ 
_'_~' ~Z:', . 
,----",."-

j Table 5.3). 

There does not seem to be any clear explanation of the lower 

l( levels in the M3 and M4 treatments (Table 5.9) apart from the 

higher leaf/stem ratios of these two compared wi th treatments Ml 

and M2 <Table 5.7). There is an indication from the worl{ of Reay 

and Marsh (1976), however, that higher K levels can be found in red 

clover sterns than are present in leaves, as they tend to accumulate 

in these organs when the element is in abundant supply 

(M.J.M. Hay, pers. comm.). 

The ni trogen levels (Table 5.10) were very simi lar to those 

found in the early flowering diploid in the cutting trial, and the 

same sharp fall occurred from the first to second spring/sUlmler 

harvest. Percentage LM di gest i bi 1 i ty val ues were higher a t the the 

first spring/sumler cut but fell to simi lar levels to the cutting 

trial at the second and third harvests, consistent with values 

reported by Davies et al. (1966). 
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CHA..PTER 6 

CINIROLLED FNVIRCNM~r EXPERIMENf 

6.1 AIM 

To investigate the effect of temperature on variety x 

defoliation interactions of four red clover cultivars. 

6 . 2 INIRODUCfICN 

In order to more accurately isolate and identify the 

morphological characters involved in the differing responses 

obtained in tl1e WPBS field trials, a controlled environment growth 

chamber experiment was designed and carried out at Lincoln College 

in 1980. Further, to enable a more complete understanding of the 

predictive models built in Chapters 3, 4 and 5 of how early and 

late flowering, diploid and tetraploid red clovers respond to 

various defoliation practices in autumn, environmental conditions 

were chosen which simulated three day/night temperature regimes 

lil<ely to be experienced at this time of year in temperate oceanic 

-.~ - .. -
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environments (Trewartha and Horn. 1980). Wor]{ers including Ruell{e 

and Smith (1956), Kendall (1958), and Smith (1968) have shown that 

the temperature regime experienced at and following defoliation is 

an important determining factor on subsequent vegetative regrowth 

and survival, particularly through its effect on percentage TAC of 

the root (Kenda 11, 1958). 

6 . 3 EXPERIMrnrAL Mh""TIDDS 

6.3.1 Experimental Design 

6.3.1.1 Treatments 

The three temperature regimes, the four red clover 

varieties, and the four defoliation treatments employed for the six 

week trial duration are given below. 

Temperature (deg C) Day/Night 

(Tl> 
(T2 ) 
(T3 ) 

Low 
Medium 
High 

Varieties 

1117 
15110 
19113 

(Cabinet No 2) 
(Cabinet No 5) 
(Cabinet No 11) 

E2n (early flowering diploid) - Sabtoron 
E4n (early flowering tetraploid) - Norseman 
L2n (late flowering diploid) S123 
L4n (late flowering tetraploid) - Astra 

Defoliation Treatments 

mm Undefol iated during the 6 weel{ period 
in growth chamber 

mST) Defol iated at the start of 6 weel{ period 
in growth chamber 

(3) Defol iated after 3 weel{s 

(DST3) Defoliated at the start and after 
3 weel{s 

~II ----_._-'.-., 
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Two pots per variety were taken for baseline measurements 

when the plants were placed in the growth chambers. Two more pots 

were taken for measurement at 3 weeks, one of which had been 

defoliated at the start and one of which had not, to enable any 

interim changes to be detected. This meant that eight pots per 

variety per replicate were needed. 

One of the major experimental concerns of the trial was that 

wi th 4 plants/pot and 4 replicates there were only 16 

plants/treatment. However when independently questioned both 

ILK. Pandey and W.M. Wi 11 iams of Grasslands Division, DSIR, 

Palmers ton North, considered 15 to be a minimum plant m.nl1ber to 

represent a population of a bred variety, so the number used here 

was considered adequate. 

6.3.1.2 Growth Cabinets 

The 1 imi ted space wi thin the growth cabinet necessi tated two 

runs to be made of the trial, as only 2 replications per cabinet 

were poss i bl e, (room only for 48 pots per cabinet). Work of 

Love (1976) has shown that 1 ight intensi ty and temperature levels 

in these growth chambers decrease fairly uniformly frol11 the sides 
I 

towards the middle and towards the doors at either encl. This 

pattern was checked in each of the three cabinets with a Lambda 

quantlDu sensor and confirmed. To reduce these within cabinet 

variations to a minil11tDll the 2 replicates were arranged in the 

configuration as shown in Appendix 6.1. 
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The 48 fluorescent tubes (80 watt> and 18 incandescent strip 

lamps (60 watt> per cabinet were interchanged to give, as near as 

~ 
........ I .... ,; ... .' ... , .. ,..~ 
.\:/;0~~ 

, possible, equal light intensity in each cabinet. At pot height the 

light intensi ty averaged 640 uE/em/sec in rep 1 and 595 uE/cm/sec 

in rep 2. By the end of the second run the intensity had dropped 

by nearly 10 uE/cm/sec in both replicates. 

The relative lml1idi ty (RH) controls in the cabinets were 

switched off for the duration of the trial. This gave an average 

night RH of 80%, and an average day RH of 65% which appr.oximates to 

that found in autumn in temperate oceanic climates (Walter and 

Box, 1976; Trewartha and Horn, 1980). 

The three day/night temperature regimes were selected to 

cover the range of day/night temperatures encountered in auturnn in 

temperate climates. Growth chambers unfortunately could not be 

randomised between the two rl.ms as cabinet number 2 was the only 

one to contain 2 cooling systems, which were necessary to enable it 

to maintain the low temperature regime treatment. In addition 

cabinet mrrober 11 was si tuated between two which were being 

maintained at 25°C, and it was thoug'ht that difficulty would have 

been experienced in maintaining even the medil.rro temperature 

treatment. Constant monitoring of the temperature in the cabinets 

via thermocouples to a recorder showed that the temperatures 

remained remarkably constant during the two runs. The greatest 

variation being +/-2°C, from that set, anel then for only a matter 

of 5 hours. 
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To minimise time between the two runs a second series of 

plants were started 6 weel(s after those used in the first run. ::,:-=::- ~~~~(:~::;} 
~~::);~,~ 

TI1ey were grown lmder the same condi tions in an adjacent 

glasshollse. Any runs x treatment interactions showing lip in the 

analysis would quickly show whether the trial could be analysed as 

4 replicates, with 2 replicates in time and 2 in space. 

Invest igations wi th thermometers and the 1 ight meter in the 

glasshouse showed that there was a temperature gradient along but 

not across the glasshouse. On average it was 5°C cooler near the 

doors at the south ends than in the centre, and 3°C warmer at the 

north end. In addition there was a light intensity gradient of 

200 uE/crrY/sec across but not along the glasshouse, which occurred 

during the morning because of the shading effect of an adjacent 

glasshouse along the east wall. On this evidence it was decided to 

divide the pots into 2 blocl{s, (north and south end of the 

glasshouse), and rotate them east-west wi thin each blocl{ on a dai ly 

basis. Plants from blocl< 1 would all be used for rep 1 in the 

growth cabinet, and rep 2 would be composed of pots from blocl( 2. 

6.3.2 Procedure 

Seeds of the four varieties were g'erminated in petrie dishes 

and planted out in the glasshouse on 1 April 1980 into 4 litre 

plastic containers <17011111 x 17511111 x 18011111) which were fi lIed to 

constant weight with sieved and mixed, air dry Eyre-Paparua sandy 

loam soil. This unimproved 100l1m A horizon soil is a weakly 

weathered and leached recent soil from greywacke alluvium 

associated with yellow-grey earth soils (N.Z. Soi 1 Bureau 



152 

Bu lie tin, 1968). It was selected in preference to prepared pot 

mixes as it had enough structure to withstand sieving when potting, 

and was low enoug'h in organic matter to allow relatively easy root 

washing (A.F .R. Adams, pers. corrm.). Ministry of Agricul ture and 

Fisheries, quicl\: tests showed the following results: pH 6.2; 

Ca, 1.8; K, 2; and Truog P, 5. A solution was applied which 

distributed O.6g ai. captan to each pot at planting to prevent 

fungal growth. 

Eight germinated seeds were planted per pot and then thinned 

to 4 at the first trifoliate leaf stage. The pots were large 

enough In soi I voltnne to prevent any marked competi t ion between 

roots and a 20-30rrm space between pots ensured that there \vas no 

compet I t ion for light. 

Mercury vapour lamps connected to a time switch in the 

glasshouse guaranteed that the growing plants experienced a 14 hour 

day/lO hour night which gradually decreased over the 12 week period 

that they were in the glasshouse, until a 12 hour day/night regime 

was effected and this was the light regime set in the growth 

chambers to which they were transferred. This ensurecl that all 

plants were sensitised photoperiodically before they were placed in 

the growth chambers (Jones, 1974). The glasshouse temperature 

controls were set to give a 20°C day/lODC night during t]1is growth 

period and only under extrememly hot days or cold nights did these 

temperatures vary greatly. 
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The water holding capacity (WHC) was determined 

gravimetrically and pots were watered to 65% WHC by weight (4525g) 

once a weel{ initially, increasing to every second day when the 

plants were larger. This watering procedure continued when the 

pots were transferred into the growth chambers. Nutrients were 

made non-limiting for the duration of the trial by application of 

the Long Ashton nutrient solution <Hewitt, 1966) every seven days 

when watering to weight. Nitrogen was included to eliminate any 

possible nodulation effects. 

After 12 weeks two pots were taken for baseline measurements 

and 6 pots from each variety were randomised in the 3 growth 

chambers (Appendix 6.1). The defoliation treatments were then 

imposed. The second run plants (at .this stage 6 weel{s old) were 

shifted into the vacated glasshouse from an adjacent glasshouse to 

simulate as closely as possible conditions for the first run. 

6.3.3 Measurements 

Defol iation at the start and at 3 weel{s in the growth 

chambers was effected by removing all expanded leaves at the base 

of the petiole, at the stipule, wi th a scalpel. Plate 9 shows a 

pot imnediately after defol iation and Plate 10 shows the very 

fast recovery 8 days after defol iation. in the highest temperature 

treatment. The DVI of the leaves/pot was determined at each 

defol iation as well as the leaf mmlber and f1lUllber of basal (or 

primary), and secondary shoots. 



Plate 9 Close-up view of plants after defol iation using a 
scalpel , in the control led environment chamber. 
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Plate 10 Vi ew of the same plants eight days later show ing the 
rapid growth in the highest t emperature treatment. 
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Destructive sampling was carried out on all pots at the end 

of the trial, and on the representative pots at the beginning and 

halfway through the trial. to measure Il\1 of aerial parts and roots, 

nlmbers of leaves, primary and secondary shoots, ,and percentage TAC 

of the roots. Determinations were carried out when the roots were 

washed clean. Percentage TAC of roots was determined by the 

standard one hour water bath hydrolysis in 0.2 N sulphuric acid 

(We i nmann , 1947). 

A pilot trial had shown that by the end of 6 weeks some 

leaves and petioles had died in the highest temperature treatment 

(T3), but with monitoring, these could be counted and collected for 

n~ detenninations during the course of the trial. 

6.4 RESULTS 

6.4.1 Rep] ication 

Al though there was a persistent and significant repl ication 

effect on all parameters measured at all stages of the trial due to 

the smaller size of the plants in the second run, there were no 

significant rep x variety interaction effects at any stage of the 

trial. There were, however, significant rep x defol iation (R x D) 

and rep x temperature (R x T) interactions in various parameters 

measured both at the halfway point and at the finish of the trial, 

as shown in Table 6.1. 



Table 6.1 Extent of replicate variation for the various 
growth parameters measured at different stages 
of the trial. <Replicates 3 and 4 comprise the 
second run). 
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%-TAC 
Root 

Root 
DvI 

(g' ) 

Shoot 
D.VI 

Leaf 
No 

Basal Secondary 

start 

Rep 1 
2 
3 
4 

LSD 5% 

3 Weeks 

Rep 1 
2 
3 
4 

LSD 5% 

6 Weel{s 

Rep 1 
2 
3 
4 

LSD 5% 

15.1 
14.3 
13.1 
12.7 

1.1 

14.8 
13.6 
16.6 
15.8 

0.86 
0.96 
0.23 
0.41 

0.254 

2.83 
1. 45 
1. 30 
1.00 

0.4 0.385 
R'd)'" RxD" 
RxT '"~ RxT' 

17.5 
16.3 
15.7 
14.5 

0.3 

4.33 
2.75 
2.77 
2.60 

0.292 

( g) 

1.10 
1.18 
0.44 
0.84 

0.321 

3.17 
1. 45 
1.90 
1.30 

0.489 
R'tl) or 

RxT ' 

4.97 
3.04 
3.13 
3.02 

0.428 
R'{'f u, R'{'f·n R'{'f'" 

RxD ' RxD " 

14.6 
16.3 

9.3 
12.9 

3.2 

24.8 
17.8 
15.3 
13.7 

2.0 
R'd) • 

Rxt " 

31.1 
25.7 
25.3 
24.6 

3.0 

Shoot Shoot 
No No 

3.8 
4.1 
3.0 
4.3 

1.1 

8.6 
6.1 
6.1 
5.6 

0.7 

12.2 
8.9 

13.7 
13.9 

0.9 

0.6 
1.1 
0.4 
0.4 

0.2 
R..'d) *** 

4.0 
1.7 
5.6 
6.1 

0.7 

~H§I%¥~~ 

1:;;0i~~~·t?; 

t·:·,·· ··:c···.; 
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Further analysis llsing the two runs as another factor with 2 

replicates, showed exactly the srume interactions, demonstrating 

that the replications, or position in the growth chambers 

(Appendix 6.1.) rather than the rlms, were responsible for these 

effects. Thus it was considered statistically valid to analyse the 

trial using the two rlms as replicates (G.B. Love, pers. comn.>. 

The R x D interactions were caused by the rep 2 plants, 

located in the centre of the cabinets, being more affected by the 

defoliation treatments, particularly the twice defoliated treatment 

(DST3) , compared to the rep 1 plants. The R x T interactions were 

caused by the plants in rep 2 of all treatments of both rlms 

responding proportionally more slowly in terms of growth in the 

lowest temperature regime than at the other two temperatures in 

relation to the rep 1 plants. 

Data for the main effects of variety, temperature and 

defoliation are presented in Tables 6.2-6.8 for each of the 

parameters measured and will be discussed in turn. Any interaction 

involving variety will be demonstrated as a variety x treatment 

regression figure, in the format proposed by Breese (1969) and more 

fully discussed by Hill (1975) with the different defoliation and 

temperature regimes being considered as different "environments". 

6.4.2 Percentage Total Available Carbohydrate Of Root 

At the start of the trial the varieties had the srulle 

percentage TAC values (Table 6.2). These levels increased for the 

duration of the trial, with the diploid varieties having 



Table 6.2 Main effects for percentage total available 
carbohydrate of D~ of root for controlled 
environment trial at three stages. 

Start 

Variety E2n 13.7 
E4n 13.7 
L2n 13.6 
L4n 13.5 

LSD 5% ns 

Temperature Tl 
T2 
T3 

LSD 5% 

De f 0 I i a t ion DU 
DST 
D3 
DST3 

LSD 5% 

3 Weel{s 

15.0 
15.6 
14.7 
15.4 

0.4 

16.2 
14.9 
14.5 

0.4 

15.6 
14.8 

0.3 
DxV til 

6 Weeks 

15.6 
16.2 
15.7 
16.5 

0.3 

17.9 
15.8 
14.4 

0.3 

17.3 
16.3 
15.6 
15.0 

0.3 
TxV .. 
TxD f 
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significantly lower levels of TAC than the tetraploids at both the 

3 weel{ and 6 weel{ sampl ings. There was no difference between early 

and late flowering varieties within ploidy levels. 

A marl{ed increase in stored carbohydrate over time was 

evident at the lowest temperature regime (T1). This effect 

diminished with increasing temperature. ~1t~!~ 
The general response of red clover to defoliation was: the " 

more severe, the lower the level of accumulated carbohydrate. The 

data indicate that there is an effect of nmlber of defoliations on 

percentage TAC in addition to length of time from defoliation. The 

depression in root TAC caused by halving the regrowth period from 6 

to 3 weeks mST cf. D3) was 0.7%, and was no di fferent to the 

depression incurred by defoliating twice instead of once while 

retaining the same final regrowth period mST3 cf. D3). 

The temperature x defol iation interaction was caused by the 

twice defoliated treatments having higher levels of TAC in the low 

temperature regime than those defoliated at 3 weeks only. The 

reverse occurred in the other two temperature regimes. 

At three weeks a variety x defoliation interaction was 

evident (Table 6.2), and close study of the data showed it to be 

caused by the L2n variety having a higher percentage TAC when 

defoliated at the start of the experiment. The reverse occurred 

wi th the other varieties. The highly significant 

temperature x variety interaction is caused by the high level of 

TAC of the variety L4n at the lowest temperature treatment (18.9%) 

compared to the other varieties (mean 17.5%). At the other two 
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temperature regimes the values for all varieties were very similar. 
. .) -" ~ -. 
;.-~ .~~~ .~.;~~~~. ~.-',~"'\ 

Figure 6.1 shows the variety x environment interaction as 

linear regression curves for each variety and demonstrates the 

ability of the late flowering tetraploid to accumulate high levels 

of TAe at low temperatures under a range of defol iation 

managements. The other three varieties had very similar response 

coefficients (slopes) and could not be considered different from 

one another. 'The regression analysis showed both the early 

flower.ing varieties to have slopes significantly less than 1 

(P<O.OOl>, whereas variety L2n (b = 0.96+/-0.08) did not. 

6.4.3 Dry Weight Of Roots 

Data from Table 6.3 show a trend at the start of the trial 

for the tetraploids to have a heavier root system than the diploid 

varieties. These effects continued both at the 3 week sampling and 

at the termination of the trial with variety L2n at 6weeks having 

significantly less root DW than any of the others. 

Root DW increased with increasing temperature, being 80% 

greater at the higher temperature regime compared with the lowest 

one. Defol iation had a marl{ed effect on root D\\I. At 3 weel{s the 

defoliated plants had only half the root DWof the undefoliated. 
r:,;';';;"'x;;:c 

At the finish there was a fairly uniform decline related to time '".-'--" 

from defoliation and number of defoliations, number of defoliations 

having greatest effect. Root D\\1 was 2.8 times grea ter for 

lmdefoliated plants compared with those which had been defoliated 

twice. 



Table 6.3 Main effects for root dry weight for controlled 
environment trial at three stages (g/poU. 

Variety E2n 
E4n 
L2n 
L4n 

LSD 

Temperature T1 
T2 
T3 

5% 

LSD 5% 

Defol iation DU 
DST 
D3 
DST3 

LSD 5% 

Start 

0.53 
0.68 
0.41 
0.70 

0.192 

3 Weeks 

1.63 
1. 88 
1.19 
1. 89 

0.385 

1. 28 
1. 51 
2.14 

0.334 

2.19 
1.10 

0.272 

6 Weeks 

3.08 
3.27 
2.49 
3.61 

0.292 

2.37 
2.71 
4.27 

0.253 

4.79 
3.16 
2.80 
1. 70 

0.292 
DxV • 
TxD' 
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R~amination of the data revealed the temperature x 

defoliation interaction to be caused by the depression in the t\vice 

defoliated treatment being less severe proportionally at the high 

temperature (T3 ) than at either of the lower temperature 

treatments. 

The environment x variety interaction (Figure 6.2) 

demonstrates that L2n is the least responsive (b = 0.78+1-0.05) to 

temperature in its root DW and also is not as severely effected 

compared to the other varieties to defoliation at low temperatures. 

The E4n variety with a regression coefficient of b = 1.18+1-0.03 is 

most responsive to temperature and defoliation. Varieties E2n and 

L4n had gradients close to 1.0. 

6.4.4 Dry Weight Of Aerial Parts 

At the start of the trial (Table 6.4) the diploid varieties 

had lower f};V of aerial parts than the tetraploid varieties within 

each flowering group. During the experiment the ratio of 

diploid:tetraploid f};V's remained relatively constant at 81% for the 

early flowering red clovers. In the later flowering group, 

however, the ratio increased from 59% at the start of the trial to 

85% by the finish. Early flowering varieties had higher a~ of 

aerial parts than did late flowering ones. 

Temperature had a mar]{ed effect on a~ of aerial parts, there 

being a much greater increase between the two higher temperature 

regimes (T2 cf. T3), than between the lower two (Tl cf. T2). At 6 

weel{s there was a uniform reduction in IW of aerial parts, similar 
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4 e 8 
Environmental means 

T1 
~ 

T2 
I -.J 

T3 

Figure 6.2 Regressions of individual varieties on mean root ')1.-1 per plant at final har-
vest. .,--. E2n. b=0.97 ± 0.07 (r=0.9a :.~.:"".:'.); -- --, E4n. b= 
1.18+0.03 (r=0.99 .. ,;-,,,:.*); ..... , L2n. b=0.78 + 0.05 (r=0.98-"'·~'·"'); - --, 
L4n.b=1.07+0.10 (r=0.96·,:·:i,.'f.). T1=11 17 C day/night temperature regime: T2= 
15'/10 C day/night temperature regime; T3=19 /13 C day/night temperature re-
gime. 
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Table 6.4. Main effects for dry weight of aerial parts 
for controlled environment trial at three 
stages (g/poU. 

Variety E2n 
E4n 
L2n 
L4n 

LSD 

Temperature T1 
T2 
T3 

5% 

LSD 5% 

Defoliation DU 
DST 
D3 
DST3 

LSD 5% 

Start 

0.81 
1. 09 
0.57 
0.96 

0.242 

3 Weeks 

1. 99 
2.39 
1.43 
2.01 

0.489 

1. 36 
1. 78 
2.72 

0.424 

2.67 
1. 24 

0.346 

6 WeeJ(s 

3.52 
4.07 
3.01 
3.54 

0.428 

2.03 
3.00 
5.58 

0.371 

5.73 
3.92 
2.48 
2.03 

0.428 
TxD ... 
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to root [W, depending on time from defoliation and number of 

defoliations. In this case however time from defoliation appeared 

to be more important than ntnllber of defol iat ions. 

The effect of number of defoliations disappeared under the 

high temperature regime thus giving the temperature x defoliation 

interact ion, i . e. there were no differences at T3 between 

treatments defoliated once or twice, whereas there were at T2 and 

Tl. 

6.4.5 TotaJ Dry Weight Of Aerial Parts 

When the total [W of aerial parts were added to that 

measured at destructive harvesting, including that discarded at the 

two defol iation stages (start and at 3 weel{s), a less misleading 

picture of growth is obtained (Table 6.5). There is no difference 

in ranJ{ings for variety or temperature when compared with 

Table 6.4, but differences between treatments defoliated at the 

start and at 3 weel{s disappeared, whereas a substantial difference 

was shown in Table 6.4. Analysing the total aerial IlVl production 

in this manner reduced the temperature x defoliation interaction to 

5% significance. 

6.4.6 Leaf Number 

Leaf mnllber, although significantly different between 

varieties at the start of the trial (Table 6.6), were of a similar 

order of magnitude. They finished the trial, however, with widely 

varying leaf nlmbers. The diploid varieties had a much higher leaf 
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Table 6.5. Main effects for total dry weight of aerial parts 
for controlled environment trial at 3 and 6 weel{s 
when amount defoliated at the start and at 3 weeks 
is added to regrowth (g·/pot). 

Variety E2n 
E4n 
L2n 
L4n 

LSD 5% 

Temperature T1 
T2 
T3 

LSD 5% 

Defol iation DU 
DST 
D3 
DST3 

LSD 5% 

3 Weeks 

2.35 
2.82 
1.71 
2.46 

0.48 

1.71 
2.18 
3.11 

0.42 

2.67 
2.00 

0.34 

6 Weel{s 

4.84 
5.42 
4.01 
4.87 

0.49 

2.96 
4.14 
7.26 

0.43 

5.73 
4.72 
4.79 
3.90 

0.49 
TxD • 
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Table 6.6. MaIn effects for leaf number at three stages 
for controlled environment trial (no./plant). 

Variety E2n 
E4n 
L2n 
L4n 

LSD 

Temperature T1 
T2 . 
T3 

5% 

LSD 5% 

De f 0 1 i a t i on DU 
DST 
D3 
DST3 

LSD 5% 

Start 3 

13.8 
11. 2 
15.2 
12.2 

2.4 

Weeks 

19.1 
13.6 
22.2 
16.6 

2.0 

14.2 
16.3 
23.1 

1.7 

22.7 
13.0 

1.4 

6 Weeks 

27.6 
17.9 
38.4 
29.7 

3.0 

20.1 
24.5 
35.4 

2.6 

38.4 
28.7 
21.6 
17.9 

3.0 
TxV tt 

168 



-o 
II) 
Q) 

75 

65 

iU 35 
~ 

'0 

~ 
E 25 
~ 

169 

" 

" • 

• 

5 55 15 25 35 45 
Environmental means 

T1 

T2 
I 

T3 

Figure 6.3 Regressions of individual varieties on mean number of leaves per plant at 
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15/10 C day/night temperature regime; T3=19 /13 C day/night temperature regime. 
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number than the tetraploids, and the late flowering varieties a 

large effect on leaf number, again the difference l)eing greater F higher leaf mnnber than the early flowering. Temperature had a 

between T2 and T3 compared wi th that betwen Tl and T2. I, 

At 3 weeks the defoliated treatments had reached the same 

leaf number as were present at the start. Similarly at 6 weeks the 

leaf number of the D3 treatment was the same as the number present 

when it was defoliated at 3 wee]{s. Defoliation reduced leaf number 

by 42% at 3 weeks but this had diminished to a 25% reduction at 6 

weeks. Leaf number at the finish of the trial was not greatly 

different between treatments defoliated at 3 weeks, and those 

defo 1 i a ted both a t the s tart and at 3 weel{s. 

The variety x environment interaction (figure 6.3) shows the 

diploids, particularly the later flowering diploid 

(b = 1.45+/-0.20), being more responsive, in terms of leaf mmlber, 

to temperature and defoliation than the tetraploids which have 

response coefficients of around b = 0.80. 

6.4.7 Basal Shoots 

ll1ere was no difference in the mmlber of basal shoots at the 

start of the trial but a trend towards the tetraploid varieties 

having lower basal shoot numbers than the diplOids, within each 

flowering class, was significant at the 3 weel{ sampling 

(Table 6.7). This was further accentuated at the finish, with the 

late flowering varieties having higher numbers of basal shoots than 

the early flowering varieties. 
" .<---.-.'.'-



Table 6.7. Main effects for ntmbers of basal shoots 
at three stages of growth for controlled 
environment trial (no./plant>. 

Variety E2n 
E4n 
L211 
L411 

LSD 

Temperature T1 
T2 
T3 

5% 

LSD 5% 

Defoliation DU 
DST 
D3 
DST3 

LSD 5% 

Start 

4.0 
3.3 
4.0 
3.8 

0.8 

3 Weel{s 

6.7 
5.1 
8.5 
6.1 

0.7 

5.9 
6.3 
7.6 

0.6 

6.8 
6.4 

n.s. 

6 Weel{s 

12.1 
8.4 

17.4 
10.6 

0.9 

10.5 
11.4 
14.5 

0.8 

13.1 
11.4 
12.8 
11.3 

0.9 
TxV ft. 

TxD • 
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Figure 6.4 Regressions of individual varieties on mean number of basal shoots at final 
harvest .• , ---, E2n. b=0.97-:0.09 (r=0.96***): -- --, E4n. b= 
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173 

The number of basal shoots in the T3 treatment \vas higher at 

3 weel~:s than in either of the lower temperature regimes. At 6 

weeks all 3 temperature treatments caused significantly different 

numbers of basal shoots to be present, T3 giving the highest 

number. Defo 1 i a ti on had very 1 i ttl e effect on basa 1 shoot mD11ber, 

there being no difference at 3 weel{s between treatments. At 6 

weeks the treatments which were defoliated at the start of the 

trial mST and DST3) had lower basal shoot numbers than 

undefol iated treatments or those defol iated at 3 weeks mu and D3). 

Even so the differences were not great. 

The temperature x defoliation interaction arose due to the 

treatments defoliated at the start in T2 and T3 having 

significantly lower basal shoot numbers than the undefoliated 

treatments or those defoliated at 3weel{s, whereas at T1 there were 

no differences. The highly significant temperature x variety 

interaction is shown in Figure 6.4, and demonstrates the very 

strong response coefficient of the late flowering diploid 

(b = 1.87+/-0.20), especially to temperature, compared \vith the 

other varieties. The early flowering diploid variety, with a slope 

close to 1.0, also has a more positive response to increasing 

temperature and fewer defol iations than do the two tetraploid 

varieties, E4n (b = 0.56+/-0.09) and L4n (b = 0.60 +/-0.15). 

6.4.8 Secondary Shoots 

There was no evidence of any secondary shoots at the start 

of the trial, and results (Table 6.8) at 3 wee){s and at the 

conclusion of the trial generally followed the same pattern as 
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those for basal shoots, albeit with lower numbers. .:\ ma j or 

difference however was that proportional differences between 

varieties was much greater for secondary shoots both at the 3 week 

and 6 week measurements. There was a threefold difference between 

the late flowering varieties in secondary shoot number at both 

measurements, and a threefold difference between the early 

flowering at 3 weeks, which closed to a 2.3 fold difference at 6 

weeks. As a group the late flowering varieties had 1.8 times more 

secondary shoots than the early flowering. 

There was no effect of temperature on numbers of secondary 

shoots at the 3 week sampling and the lowest two temperature 

regimes were not different at the end of the trial. The T3 

treatment however produced significantly more secondary shoots than 

the other two. 

Although defoliation gave a significant increase in 

secondary shoot mnnber at 3 weel~s there was no indicat ion in the 

final harvest main effects that defoliation stimulated secondary 

shoot formation (Table 6.8). In fact defoliation was seen to 

reduce numbers of secondary shoots. The temperature x defol iation 

interaction was given by the treatment defoliated at 3 weel~s 

showing a trend in the T1 regime to be greater than the 

llndefol iated treatment. The reverse occurred at the higher two 

temperature regimes. There were no differences between the 

treatments defol iated at the start WST) , or both the start and 3 

weeks WST3) - and between the undefoliated treatments (DO) and 

those defol iated at 3 weel{s (3). The later group however, had 

significantly higher secondary shoot mmlbers than the former at the 



Table 6.8. Main effects for secondary shoots (branching) 
at three stages of growth for controlled 
environment trial (no./plant). 

Variety E2n 
E4n 
L2n 
L4n 

LSD 

Temperature T1 
T2 
T3 

5% 

LSD 5% 

Defoliation DU 
DST 
D3 
DST3 

3 Wee]{s 

0.6 
0.2 
1.2 
0.4 

0.3 

0.5 
0.5 
0.8 

n.s. 

0.4 
0.8 

LSD 5% 0.2 

6 Weel{s 

4.4 
1.9 
8.4 
2.8 

0.7 

3.4 
3.8 
5.9 

0.6 

5.3 
3.9 
4.9 
3;4 

0.7 
TxV'" 
TxD t 
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Figure 6.5 Regressions of individual varieties on mean number of branches per plant 
at final harvest. ., E2n. b=O,95~O,11 (r=O,94*':;::;:); _ 
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final harvest. 

The variety by environment interaction (Figure 6.5) shows a ril;;;f~ 
very similar configuration to Fig'ure 6.4, but with the variety ! 

differences magnified, the late flowering diploid variety has a 

slope of greater than two, showing a response coefficient of over 

double the mean of all four varieties to temperature and Ef{:\~~ 
:-~::::.-:~ >:~ -:-~~-,-=-~ ::: -.- ...... <-_.,-, 

defol iation in terms of n1n11bers of secondary shoots. The early 

flowering diploid again has a slope of close to unity while both 

tetraploid varieties had relatively unresponsive regression 

coefficients at around 0.45. 

6.5 DISCUSSIQ\l 

The objective in managing perennial agricul tural forage 

crops is to obtain the maximum amount of harvestable material from 

the above ground parts, without penal ising subsequent productive 

performance by inf 1 i cting physiological damage through the 

management of that crop. The experiments in the previous chapters 

have raised the question of the influence of temperature at, and 

following defoliation, on the level of carbohydrate reserves in red 

clover roots. This controlled enviroment simulation of a range of 

aut1..Dlm temperature conditions, demonstrated, consistent with the 

worl{ of Kendall (958), that temperature has a large effect on all 

parameters measured. 

All characters investigated responded positively to an 

increase in temperature, apart from root percentage TAC, and this 

factor has very important impl i ca ti ons for the autUlllll management of 
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red clover swards in the field. Mi ld autumn weather (Indian 

sunmers) wi 11 produce better than expec ted ml produc t ion 

(Tables 6.3-6.8), but at the expense of a high level of root TAC. 

Moreover, if that llvl is utilized percentage TAC of roots will 

decline even further (Table 6.2). 

Workers have, for a considerable time recognised the 

importance of the concentration of stored carbohydrates in roots of 

both lucerne and red clover for the persistence of these species 

increased winter hardiness (Smi th, 1964; 1968; 

Levitt, 1972; Steponkus, 1978) and more recently higher resistance I 

to soil-borne pathogens (Aldrich, 1984; Younie et a1., 1984). In 

contrast to the productivity orientated parameters measured, the 

TAC of roots was only 0.4% higher at T2 than T3, but was 1.3% 

higher at T1 than T2. This supports the observations made by Dale 

Smith (1981) and others that red clover stands tend to approach 

spring in a more healthy condition when they experience a cool 

autumn or an "early winter". One could reason that this is caused 

by the cold temperatures in autulU1 giving rise to high percentage l- . ~: _ .~-: ~::::: 
! 

ront TAC levels. In addition there would be very little growth 

which would probably encourage the user (farmer) not to utilize the 

sward at this time of the year through either grazing or mechanical 

harvesting. Even if he did, the temperature x defol iation 

interaction present in Table 6.2 indicates that defol iat ion at low 

temperatures has less effect on level of stored root carbohydrates 

than does defoliation at a higher temperature regime. 

-" .. --; 
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These temperature x defol iation interactions which were 

present in the analysis of all other parameters measured, except 

leaf nlDl1ber, were caused, (contrary to percentage TAC) , by the 

effect of defoliation being diminished at the highest temperature 

regime. This effect was most marked in the f}N of aerial p~rts, 

where the effect of number of defoliations was removed at T3, the 

highest temperature treatment. 

A consistent factor to emerge from these analyses was that 

the number,of defoliations has a greater effect than the length of 

time from anyone particular defoliation. In practical terms this 

may mean that in a mi ld autmlll, al though it may appear that two 

grazings spaced 3-4 weeks apart would be more suitable to a farmer 

than one grazing, he or she must recognise that considerable damage 

will be inflicted on the plants, particularly on the level of the 

root TAC, which is considered by many wor]{ers to be the cri tical 

factor to red clover plant survival <Rue Ike and Smith, 1956). 

Associated wi th this was a mar]{ed decl ine in root DIY and leaf 

mmber (Tables 6.3 and 6.6), especially wi th more than one 

defoliation. The only parameters relatively unaffected by 

increasing defoliations were mmlbers of basal shoots and the amount 

of branching, and even they were effected detrimentally, although 

minimally. 

The variety x environment interaction figures demonstrate 

the considerable differences between varieties in the way they 

respond to temperature and defoliation. Each regression line is 

derived from 48 points, and this, pIllS the fact that each value is 

derived from 4 plants, has given consistently high r 2 values which 
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represent the proportion of the variance of Y that can be 

attributed to its linear regression on X (Snedecor and 

Cochran, 1967). 

Figure 6.1 showed the late flowering tetraploid to be the 

only variety to have a slope greater than 1, and thus able to 

sustain higher levels of root TAC at low temperatures regardless of 

management, but was more affected than other varieties at high 

temperatures.TIlis factor is probably the one most crucial to the 

successful persistence of late flowering red clover varieties, and 

especially tetraploids, as demonstrated in cutting and grazing 

trials around the world (Anderson, 1973; Hunt and Frame, 1976; 

Davies and Evans, 1981; Young, 1984; D.L. Ryan, unpub.). 

In addition figures 6.3-6.5 show that the later flowering 

varieties have higher numbers of basal and secondary shoots, which 

give rise to higher leaf numbers per plant than do their early 

flowering ploidy counterparts. These factors, particularly basal 

and secondary shoot number, are often sufficient to allow these 

var ieties to more quickly re-establish a self supporting 

photosynthetic canopy after defoliation compared \vith early 

flowering varieties, as there are more potential regrowth sites, 

and no evidence of different leaf appearance rates between 

varieties (R.J.M. Hay, unpub.j D.L. Ryan, pel's. conTIl.). 

The published worl{ suggests that within any flowering group 

a tetraploid is more productive and yet more persistent than the 

diploid equivalent (Frame, 1976 j Young, 1984). This extra 

productivity may be related to their fewer but heavier basal shoots 
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and fewer but larger leaves. The increased longevity is considered 

in some quarters to be due principally to the larger root structure 

of the tetraploid (Chloupek, 1976), which imparts a greater 

quantity of carbohydrate reserves, and a larger measure of disease 

resistance to these plants (Aldrich, -1984). 

The strong temperature x variety interaction which appears 
~"~t~:::::>~~:-::-1 ... -........... . 

in the analysis of each measured parameter apart from the 0\1 

measurements is due to the diploid varieties having greater 

response coefficients to increasing temperature in terms of leaf 

and basal and secondary shoot number compared with the tetraploid 

varieties. This may be an important determinant in the lack of 

persistency in diploid red clover varieties, particularly the early 

flowering ones as they are physiologically capable of responding to 

an unseasonally warm period of weather before the end of winter. 

This is I ikely to cause a depletion of carbohydrate reserves and 

make the plants less cold hardy (Smith, 1981), and more susceptab1e 

to disease attack (Spedding and Dielmlahns, 1972). 

This controlled environment study, simulating conditions 

cOl1monly experi enced in autlmm in temperate c 1 ima tes, quanti f i es 

more precisely the measurements tai<en during the cutting and 

grazing trials carried out at the WPBS, using the same red clover 

vari eti es. 
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GENERAL D I saJSS leN' 

The overriding differences in react ion to autumn management 

by the varieties used in these trialS were associated with their 

flowering group. The shortening photoperiod of autumn caused the 

late flowering varieties to physiologically "shut up shop" 

(Sheehy et 81. 1984), and thus they were not nearly as 

detrimentally affected as were the early flowering varieties by 

defoliations at this time. This was shown particularly in the 

variety x management regression figures in Chapters 3, 4 and 6, 

with these varieties having appreciably lower response coefficients 

than the early flowering ones. 

This effect has considerable implications for the management 

of red clover stands. Pre-winter levels of root carbohydrate 
'::::' .. --., 

reserves are bui I t up much earl ier in autrnm in late flowering than 

in early flowering varieties. Defoliations after this has occurred 

have much less effect on subsequent spring regrowth than if levels 

are sti 11 low. Early flowering varieties are much more 

"cool-season-active" in their growth and care must be taken not to 
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uti lise these varieties in late auturrm as it causes a marJ{ed 

reduction in root carbohydrate levels, which effect its 

overwintering ability, and subsequent spring n~ production. 

Measurements at the end of winter identified some of the 

major differences between varieties. The late flowering ones were 

found to have a higher proportion of their OM as roots, higher root 

levels of TAC, and higher numbers of primary and secondary shoots. 

These differences were confirmed in a controlled envirorunent 

experiment, and are all considered important factors for 

productivity and survival of the red clover plant (May, 1960; 

Weinmann, 1961; Smith, 1981). The effects of autumn defoliations 

were characterised by a lowering of plant nunmers, a decrease in 

primary and secondary shoots, and a decrease in root OM and 

percentage TAC. Secondary shoot number and root OM were the IlloSt 

sensitive to defoliation. 

There was a very large effect of autulID defoliation ~nere a 

diploid early flowering red clover sward was grazed by sheep. 

Multiple regression equations identified the level of carbohydrate 

root reserves at the end of winter as being the factor most 

important in predicting the yield of the first spring/sumler si lage 

harvest some 15 weeks later. Consistent with the work of Kuhbauch 

and Voightlander (1981) a strong relationship was found between 

stem length and OM yield at the first spring/summer harvest in the 

grazing trial. The practical lessons to be taken from this trial 

are that late season grazings have a larger detrimental effect on a 

stand than late season cutting, and although autulID growth can be 

utilised, care should be taken to graze it early in auturrm. 
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Multiple regression equations from factors measured at the 

end of winter in the cutting trial identified a number of factors 

as being important in predicting DM yield for each variety at the 

first spring/sumler harvest. The dominant ones were percentage TAC 

of the root, DM of the root, and numbers of primary and secondary 

shoots. The model for predicting the yield for management groups 

was not accurate. As expected, when components of yield measured 

shortly before. harvest were regressed against OM yield obtained, 

reasonably strong predictive models were establ~shed, with the most 

important factors being the plant nUllbers per unit area, and 

petiole length. The models for management were not as accurate and 

generally contained more of the submitted variables in the 

equation. 

At the second spring/sumler harvest inaccurate predictive 

models for DM yield were established for varieties, and no multiple 

regress i on equa ti ons cou I d be formed for management groups. The 

variety x management interaction (Figure 3.3)· demons tra tes 

graphically the presence of a compensatory mechanism. which 

operated at this harvest only, for those treatments most frequently 

defoliated in autulU1/winter. This important effect was confined to 

the late flowering varieties in the cutting trial, but was evident 

with the early flowering diploid in the grazing trial. Hay and 

Ryan (unpub.) had noted this effect in a winter management trial as 

had Brougham (1959) in a mixed grass/clover sward. 

The dark room experiment showed a direct relationship 

between the concentration of TAC in red clover plants and their 

ability to produce growth in the absence of light. An interesting 

aspect of this trial was that it set up a stress environment 

I, .--.. 
;- ~ . 
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(Rosielle and Hamblin, 1981) in which, for two of the factors 

measured, the varieties did not behave in the same manner. The 

late flowering tetraploid although having greater root and top mass 

initially, lost a greater proportion of both, compared with the 

other varieties, when subjected to three weeks without light at 

2~. Il!t~ 
The results of the controlled environment trial show that 

the late flowering tetraploid is better equipped to handle stress 

compared with the other varieties. Over the three temperature and 

four defoliation treatments the tetraploids showed higher levels of 

root TAG than the diploids. High temperatures lowered TAG levels 

in roots, with the tetraploid late flowering variety having the 

highest environmental response coefficient. Defoliation did not 

lower TAG levels of late flowering varieties at the lowest 

temperature, but had a big affect on all varieties at the higher 

two temperature regimes. This defines more precisely the processes 

which occur at different temperature regimes likely to be 

encountered in the field in autumn in temperate climates, and 

reinforces the practical message of red clover stand management 

outlined earlier in this discussion. 

Of the IM and morphological measurements made in the 

controlled environment study, the effect of a simulated autumn high 

temperature regime was to remove or at least ameliorate the effects 

of defol iation. Root rJN was the most sensi tive to defol iation, 

with the late flowering diploid variety being the least affected. 

It was noted that this variety also had the greatest leaf number, 

and the greatest number of primary and secondary shoots. Thus it 

is not surprising that firstly, it does not possess a large root 
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system, and secondly, it does not lose root DM as fast as other 

varieties when in stressful environments. Its response 

coefficients for root DM in the two trials was b = 0.78+/-0.05 

(Figure 6.2> and b = 0.60+/-0.07 (Figure 4.1>. Al though not 

measured it is reasonable to assume that the high number of shoots 

and leaves make it less reliant on root reserves for regrowth as it 

very quickly re-establishes photosynthetic act ivi ty after 

defoliation compared with other varieties. 

Early flowering varieties, because of their ability to 

respond to favourable growing conditions in autunID, and their 

sensitivity to defoliation, will not persist under management 

systenm which utilise this production in late autunn. 

.--;-"- .-., 
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CHAPTER 8 

c:x:NCLUS I CNS 

This study has brought into focus the agronomic 

repercussions of defoliating auttmm growth of red clover. The 

cutting trial showed a substantial decrease in subsequent D'VI yield 

where two or more autumn defol iations occurred. 

From discriminant and multiple regression analysis of 

detailed measurements taken at the end of winter and shortly before 

the first spring/st.nrrner harvest, and regressed separately on D.Vl 

yield of that harvest. it was establ ished that the lowering of 1)\-1 

yield in these treatments could be attributed to a lowering of 

carbohydrate reserves, and a depletion in plant numbers. Grazing 

was shown to exacerbate these effects. 

Genotype x environment regression analysis showed that early 

flowering varieties were detrimentally affected to a much greater 

extent than late f lower ing red c lover val' i eti es by autunm 

defoliation. Within each flowering group these analyses showed 

diploids to be more sensitive than tetraploids. These trends held 

for regressions on components of yield, and in this way supported 
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the prediction models built by multivariate analysis. These 

analyses were useful in defining the separate responses of the four 

cultivars used in this study. For example a compensatory growth 

mechanism was identified, and shown to operate in mid season .. for 

treatments most frequently defol iated in autunn. 

The extent to which these effects manifest themselves In the 

field is, to a large extent, dependent on climatic conditions 

prevailing at, and after, the time of autumn de f 0 I I a t i on 

(Smi th, 1981). A controlled environment experiment explored 

temperature x defoliation interactions, and demonstrated the 

sensitivity of red clover to temperature, particularly in terms of 

carbohydrate root reserves, wi th the early flowering varieties 

having lowest levels at the coldest temperature. Care must be 

taken not to defoliate these varieties in late autunm. 

'-.'., 
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Appendix 3.1 Sumnary of meteorological data at the WPBS for 

the duration of the red clover variety cutting 

trial June 1978 to September 1981. 

1978 

May, which began cool, became more settled wi th warm dry 

spells lasting into the first weel{ of June. The remaining sunmer 

months of June,. July and August were the coolest recorded at the 

Station. The maximum screen temperatures recorded bet\veen 2-7 July 

were lower than that of 23 December 1977 <14.3 C). 

The autumn period (September-November) was the \varmest 

recorded at the Station. The highest maximum temperatures since 

May were recorded during the second week of October. 

The annual sunshine was 1220 hours, i.e. 15% lower than 

average. That recorded during June, July and August \vas only 71% 

of average and the lowest since 1954. 

The annual rainfall was 12% below average and that recorded 

from March-June was only 61% of average and the lowest since 1958. 

October was the driest recorded at the Station. 

1979 

The winter of 1978179 was the coldest since 1962/63. Except 

for April, temperatures were well below average until the end of 

June. May temperatures were the lowest recorded at the Station. 

Following an average July, August and September were again colder 
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than average. October to December was the only period with above 

average temperatures. 

The annual rainfall was 1181nm, i. e. 18% above average. 

The spring period (March~~ay) was the wettest recorded, being 80% 

above average. This was fOllowed by a very dry June and July. The 

rest of the year was again wetter than average. Exceptionally 

heavy ra in was recorded on three occass ions: 10 May, 55. Inm; 4 

December, 44.9mm; 26/27 December, 44.1mm. 

1980 

nvice the average rainfall fell in February and w~rch, 

followed by the most severe spr i ng drought in 40 years. On I Y 1.011111 

of rain was recorded between 14 Apri 1 and 18 May. During this 

period, warm days were followed by frosty nights. 

From the end of May until October only three periods of 4-6 

consecutive dry days were recorded. OVerall annual rainfall was 

24mm above average and sunshine 134 hours (10%) below average. 

1981 

The total sunshine was the lowest since records began in 

1954 - below average for the fifth year in succession. It was also 

the wettest year since 1970, apart from 1979. March was the 

111i Idest since 1957, but the wettest for over 50 years wi th nearly 

four times normal rainfall. May was again wet and cloudy, wi th the 

lowest sunshine since 1969. August was the best SUll111er month wi th 

above average temperatures and low rainfall. 



Appendix 3.1 (a) 

Summary of weather data 

recorded at the Agro-Met Station, Gogerddan, \\'elsh Plant Breeding Station 1978 
I , 

June July Aug. Sc~t. Oct. . ~(l\". Dec. Annual 
Maximum screen temperature ("C) 16'6 16·8 17'4 16'6 15-4 12'0 8-2 12·7 

A\"Crag~ 1954-70 17-9 18-8 19'0 17'3 14'3 10'3 8-5 13'1 
M.inimum screen temperature (OC) 9·8 10·7 11-2 10'5 9'5 6'4 2-7 6-5 

A vcragt: 1954-76 7'6 11·7 11'5 9'6 7-5 3'9 2-5 6-1 
Soillcmp. (10 em) at OI}OO h GMT (~C) IS·5 15'4 15'4 14'(} 11-5 R'S 4'4 9·8 

A \'erage 1954-76 15'3 16'6 16'1 13'4 10'6 6'9 5-0 9-6 
No. of air frost (day5.) 0 0 0 0 0 3 7 34 

A veragl: 1954-76 0 0 0 0 1 6 9 47 
No_ of gTe'und frosts (d;JYs) 1 0 0 0 1 6 17 88 

Aver;Jgc 1954-'Z6 1 0 0 1 5 11 15 97 
Sunshine (h.'month) . 133'6 126'0 125'6 116'4 67'2 47'2 45'6 1219·3 

A\"(:rage 1954-76 195'6 176'8 168'2 126'9 92'2 57'2 45'1 1432·9 
Radiation (MJ im2,"day) 16'6 15'0 12·7 9·7 5'1 2'8 2'1 9'2 

A\-CrOlge J 965-76 17'6 16·0 13·7 9-6 5'5 2'8 l' 7 9'1 

Rainfall (mm/m(lnth) 50'7 107'6 86·7 89'1 33'1 126'2 126'3 881·6 
Average:: 1954-76 .70'6 90'6 84·2 101'3 108'3 108'1 99'1 1005'5 

No. of wet days (1' 0 mm and over) 14 13 14 9 10 16 18 156 
Avcrage 1954-76 10 11 12 14 IS 16 IS 152 

Wind speed (km/h) 8'9. 9'3 7·1 12·2 7'7 11'3 ID'l 9-5 
A\'cra~c 1958-76 8'8 8'1 8·0 9·0 9'1 10'1 10-9 9'6 

N 
I-' 
I-' 

jn~ 



Appendix 3.1 (b) 
Summary oC weather data recorded at the Agro-Met Station, Gogerddan, \\'elsh Plant Breeding Station, 1979 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. .. 
Mmmum screen temperature: COC) 4'9 5'0 7'2 13'9 12'2 16'0 18'4 17'5 16·6 15'0 11 '1 

AveraGe 1954-78 7'5 7'5 9'6 11'8 15'0 17'8 18'7 18'9 17'2 14'4 10'3 
Minimum screen temperature C"C) -1'3 -0'8 2 '1 4'3 5'9 9'8 12 '1 11 '1 9'7 7'0 5'0 

Average 1954-78 2·0 1'2 2'6 4 '1 6·8 9'5 11'7 11'5 9'6 7'3 4'0 
Soil temp. (10 cm)"at 0900 h GMT C"C) 1'4 2'0 4'2 7'4 9'8 14'9 17 '1 14'7 13 '1 10'6 7'0 

Average 1954-78 2'0 3'6 4'9 7'6 11'7 15'3 16'6 16 '1 13 '4 10'7 6'9 
No. of air frosts (days) 22 11 5 4 1 0 0 0 0 0 5 

A\'erage 1954-78 11 "10 7 4 I 0 0 0 0 1 6 
No. of ground frosts (days) 28 25 18 11 6 0 0 0 3 6 11 

Average 1954-78 16 16 15 12 5 1 0 0 1 5 II 
Sunshine (h/month) 59'3 77'4 71 '7 155'5 159'8 153'0 168'8 152'2 126'3 92'9 40 '1 

Average 1954-78 45'3 70'2 114 ·8 156'4 "190'0 192'1 170'5 166'4 125'3 91 '9 56'8 
Radiation (MJ/m!/day) 2'5 5 '1 7 '1 14'0 15'6 17'9 17'4 13'7 10'9 5'9 2'5 

Average 1965-78 2'1 4'3 7'9 12'8 15'9 17'4 16 '1 13'7 9'6 5'5 2'8 
Rainfall Cmm/month) 91'4 49'9 108'2 57'5 160·0 33'8 24'2 133'4 91'3 121'8 121 '8 

Average 1954-78 93'6 63'7 58'6 61'7 64'0 69'6 89'3 85'4 98'7 105'1 111'1 
No. of weI days (1.0 mm and over) 17 5 19 14 18 6 6 16 13 21 18 

Average 1954-78 15 12 10 11 11 10 11 12 13 15 16 
Wind speed (kin Ih) 8'7 9'3 12·6 9'6 10'6 _ 7'3 8'3 8'6 8-6 7-0 11-6 

Average 1958-78 10'9 10'4 10'3 10'0 9'4 8-8 8'1 7'8 9'2 9-1 10'3 

Dec. 

9'5 
8'5 
3'9 
2'5 
5'8 
5 '1 

8 
9 

14 
15 

35'6 
44'7 . 
1'8 
1'7 

188'0 
111'9 

19 
16 

12'6 
10'9 

Annual 

12-3 
13 '4 
6'0 
6 '1 
9'0 
9'7 

56 
48 

122 
97 

1292'6 
1424'4 

9'5 
9'1 

1181'3 
1001'6 

172 
152 
9·6 
9'6 

N 
f-" 
N 



Appendix 3.1 (c) 

Summary of weather data recorded at the Agro-Met Station, Gogerddan, Welsh Plant Breeding Station, 1980 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Maximum screen temperature COe) 6'3 9'6 ' '8'2 12'3 16'7 16'5 18'1 18'6 17'4 12'6 9'7 9'3 12'9 
Average 1954-78 7'5 7'5 ~'6 11'8 15'0 17'8 18'7 18'9 17~2 14'4 10'3 8'5 13'4 

Minimum screen temperature (0C) 0'0 4'2 2'5 3-8 6·5 10-5 ll-O 12-4 11-7 6-8 4'5 3-3 6-4 
Average 1954-78 2-0 1-2 2'6 ·H 6-8 9'5 1l'7 11-5 9-6 7-3 4-0 2'5 6-1 

Soil temp. (10 em) at 0900 h GMT CC) 2-3 5'9 4'& g-'I 12'3 14-0 14-& 15-7 13'9 9-1 6-7 5-7 9'4 
Average 1954-78 4-0 3'6 4'9 7-6 11-7 15-3 16-6 16'1 13-4 10-7 6'9 5-1 9-7 

No. of air frosts (days) 15 5 7 3 0 0 0 0 0 0 9 7 46 
Average 1954-78 11 10 7 4 1 0 0 0 0 1 6 9 48 

No. of ground frosts (days) 24 7 18 18 13 0 0 0 0 6 13 13 112 
Average 1954-:78 16 16 15 12 5 1 0 0 1 5 11 IS 97 

Sunshine (hlmonth) 60-5 41-(} 77-2 179'7 252'& 133-6 169'6 109-& 111-3 69'2 59-4 26'8 1290'!J 
Average 1954-78 45'3 70-2 114-8 156-4 190'0 192-1 170'5 166-4 125'3 91-9 56'8 44'7 14.24'4 

Radiation (MJiml/day) 2-7 3-7 7'3 15'4 19-3 16-9 16-2 12-0 g-& 5-5 3'3 1'& 9-4 
Average 1965-78 2'1 4-3 7-9 12-8 15'9 17-4- 16-1-· 13-7 9'6 5·5 2'8 1-7 9-1 

Rainfall (nunJmonth) 75-0 135-7 112'9 9'8 35-4- 104'9 39-1 93-6 74'0 122'0 103-9 118--1- lOH'7 
Average: 1954-78 93'6 63-7 58-6 61-7 64'0 69'6 89'3 85-4 98·7 105-1 1 \l'1 111'9 1001-6 

No. of wet days C 1'0 nun and over) 15 16 19 2 6 12 9 IS 16 17 14 20 161 
Average 1954-78 15 12 10 II 11 10 11 12 13 15 16 16 152 

\·Cn.j 'r~~J ,kill. h) ~'I) ~.~ 104 s·] 9'3 w·! ~-9 9'4 10'7 11'4 12-5 15'4 11)' ~ 
.\\,'!"I:!<' l'j5~7X !U·') !I)oJ, 103 10·0 9'4 88 :n 7'll 9'2 9'1 10'3 10·lj 96 l-.J 

i--' 0 _____ • ____________ •• _ ._ - - __ . ______ - -0- ----- - .. --- .. - ---- .. W 

11 
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Appendix 3.1 (d) 

Summary of weatht:r data recorded at the Agro-Met StatiClo, GOfl'rd,Jdfl, 198J 

Jan. Feb. Mar. Apr. May June July Aug. Sept. 

Maximum screen temperature (DC) 8·3 7·1 10·9 12·4 14·6 15·6 17·4 19·3 17·9 
Average 1954-80 7·4 7·4 9·4 11·9 15·0 17·6 18·7 !8·9 17·2 

Minimum screen temperature (DC) 2-4 0-6 5-9 4-4 7·9 9-5 11·9 11-9 11-1 
Average 1954-80 1-8 . 1-3 2-6 4-1 6·8 9·6 11-7 11·5 9·7 

Soil temp. (10 cm) at 0900 b GMT (DC) 4-9 3·5 7·1 8-6 11-2 14·0 15-8 16-6 13·9 
Average 1954-80 3·8 3-6 4·9 7-6 11-7' 15·2 16·5 16·0 13-4 

No_ of air frosts (days) 9 11 I 4 1 0 0 0 0 
Average 1954-80 11 10 7 4 1 0 0 0 0 

No. of ground. frosts (days) 14 18 4 13 4 ·1 0 1 0 
Average 1954-80 17 16 15 12 5 1 0 0 1 

Sunshine (blmonth) 35·9 79-2 72-7 159·9 140·8 124·8 126-5 188-8 114·9 
Average 1954-80 46-4 69·5 111-8 157~3 191·8 188-5 170·4 163-8 124-9 

Radiation (MJ/m2/day) 2-1 5·4 7-0 13·0 13-8 15·4 15·2 15-0 9-5 
Average 1965-80 2·1 4·2 7·9 13-0 16·1 17·4 16·1 13·5 9-6 

Rainfall (rom/month) 62-7 54·4 236·5 24·0 90·9 46·2 ·53-7 42-9 162-7 
Average 1954-80 92·8 65·9 62-5 59·6 66·5 69·6 85·0 87·5 97·6 

No. of wet day~ (l'O mm and over) 16 10 21 6 17 11 10 8 17 
A \'eragc 1954:80 16 12 11 10 11 10 11 13 13 

V.~ind speed (kmlh) 11·8- 10·4 13·3 8·9 9'6 10'8 9'5 6·4 8·7 
. Average 1958-80 10'7 10·3 10·4 9'9 9'4 8·8 8'2 7-9 9·2 

N ..... 
~ 
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Figure App 3.1 Regressions of individual varieties on mean OM yields 

from the three spring/summer harvests in year 1. • E2n, 

b = 0.98 ± 0.04 (rl = 0.98 *::: *):---. E4n, b = 1.03 ± 0.04 

(r'l = 0.98 ::: * *): • L2n. b = 0.98 ± 0,03 (r'l = 0.99 * :1: :::): 

- - - - -. L4n. b = 1.01 ± 0.04 (rl = 0.99:~ * *). 
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Figure Ap 3.2 Regressions of indiviqual varieties on mean DM yie!ds from the 
three spring/summer harvests in Year 2. I E2n. b = 0.9S :t O.OS 
(r=0.99*·:'"*)j -- --, E4n. b=0.97:!:0.OS (r=0.9a:·<-:k:f;")j ....... ,L2n. 
b=1.07±0.06 (r=0.9a.'k.'k.'i.Jj ----, L4n. b=1.01±0.03 (r=0.99·:':':h"L 
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Figure Ap 3.3 Regressions of individual varieties on mean OM yields from 
the three spring/summer harvests in year 3. E2n, b = 
O.73±O.06 (r=O.96***)j -- --, E4n, b=0.74±O.07 (r=O.96 
;\'-.;,:.*)j ........ , L2n, b=1.78±O.10(r=O.98"K-!(:'()j ---- L4n,b= 
0.76±O.12 (r= O.90·X**). 
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Appendix 4.1 Percentage drop in top and root D.V1 after 3 
weel(s at 20°C wi thout 1 ight. 

% Difference in % Difference in 
Root D.VI Top D.\tl 

, I 

Variety E2n 32 64 
E4n 38 70 
L2n 40 68 
L4n 31 61 

LSD 5% 9 ns 

iVlanagement MI. 35 63 
M2 33 65 
M3 38 71 
M4 29 67 

LSD 5% 9 ns 
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Appendix 4.2 Percentage drop in top and root percentage 
TAC af ter 3 weeks a t 20°C wi thout 1 ight. 

% Difference in % Difference in 
Il~i)i~ 
i 

Root %TAC Top %TAC 

Variety E2n 81 69 
E4n 81 66 
L2n 81 68 
L4n 81 70 

LSD 5% ns ns 

iYlanagement M1 . 82 68 
M2 81 70 
M3 80 68 
M4 80 68 

LSD 5% ns ns 

1::,":':'::"':":;:: 

! 



Appendix 4.3 Mass of total nitrogen in red clover tops before 
and after 3 weel{s wi thout light (g), and percent 
-age loss between the two. 

Total N Total N % Loss 
Before After 

Variety E2n 4.76 1. 99 58 
E4n 6.22 2.37 62 
L2n 4.26 1. 80 58 
L4n 9.07 4.12 55 

Management Ml 11.65 4.79 59 
M2· 6.27 2.61 58 
M3 3.86 1.40 64 
M4 3.04 1. 39 54 

Mean 58.5 
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Appendix 6. 1 Schematic diagram of a growth chamber 
showing the area allocated to each 
pot and indicating the replicates. 

/walla with lighta~ 

/ Reflecting door ~ 

Rep 2 

Reflee ting door 
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