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ABSTRACT 

The effect of environment on growth and development in the forage 

legume sainfoin is examined. A comparative study has been made between 

five sainfoin cultivars (Melrose, Giant, Italian, Krasnodar, Common) and 

also between genotypes within each cultivar. 

The effect of plant age on growth and development of cv. Melrose is 

examined. Results show that this cultivar had a juvenile phase of 

approximately 60 days when plants were grown in long days (LD) in a warm 

gla.sshouse (GR). 

When Melrose sainfoin was grown in small pots reproductive development 

was inhibited. After data on root-and shoot growth and development had 

been obtained various hypotheses are presented that might explain this 

result. 

The effect of gibberellic acid (GA
3

) on growth and development of 

Melrose in a warm GR is examined. Low concentrations of GA
3 

caused plants 

with a prostrate leaf and rosette habit to change to a erect leaf and 

roae tte habit i n short days (SD). Application of higher concentrations of 

GA
3 

to plants in SD made plants elongate stems, although, inflorescence 

initiation did not occur . GA
3

, when applied to warm LD grown plants, 

decreased the juvenile period, lowered the critical photoperiod for 

inflorescence initiation and possibly helped to overcome this observed 

root growth/small pot size inhibition on reproductive development, however, 

GA
3 

did not cause an increase in the percentage of plants with macroscopically 

visible inflorescences (mvi) with only 30-50% having mvi. 

Results on the effects of low temperature on growth and development 

are presented for all cultivars. Those plants that did not flower in long 

days when held in the warm glasshouse did so after low temperature 

treatment. Plants held in natural cool short days initiated inflorescences, 

although, these inflorescences did not develop to anthesis while held under 

these environmental conditions. Results on the effect of critical day 

length on continued inflorescence development after SD low temperature 

treatment show that a daylength of approximately 14 hours was necessary 

for inflorescences to reach anthesis. Data is also presented on 

inflorescence initiation and development for Melrose plants grown in the 

natural cool environment with various extended photoperiods. 

The relative importance of these environmental and hormonal factors, 

and the interactions between them, in controlling growth and development 

is discussed . 
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1. 

CFL\ Pl'ER 1 

INTRODUCTION 

1.1 History of cultivation of sainfoln 

The forage legume sainfoin (Onobryc~ viciifolia Scop.), also 

known as French grass, esparcet or esp~rsette (Piper, 1924; Whyte 

et al, 1953), is especially adapted to dry calcareous soi l s ;md is 

used in Central Europe, Great .Britain, the Mediterranean countries, 

Canada and the USA as a pastu.1:e, hay and forage plant (Thomson, 1938a; 

White!.!. al, 1953; BlMd, 1971 ; Hanna and Smoliak, 1968; Eslick, 

1968). 

Its name which is of French origin and was originally written 

Sain foin, means "wholesome hay". Clark and Malte ( 1913) note that 

in some of the early literature t he name has sometimee been erroneously 

written Saint Foin and ha.~ thus led to the misconception that it means 

"Holy haytt. 

In Great Britain sainfoin is na tive from Somerset and Kent to 

Shropshire and Norfolk, Glamorgan, Carmarthen and Flint. It is rtlso 

native to Central Europe north to Prance and Germany, Siberia, east to 

the Baikal region, Caucasua , Persia and Asia Minor (Clapham et al, 1962 ) . 

Piper (1924) no tes that the culture of sainfoin probably dates back 

about 400 years. The firs t defini te record of its cultivation being 

recorded by Vianne in 1582 in Southern France ( quoted by Piper, 1924) . 

In addition Piper (1924) notes that sainfoin was grown in Germany i n the 

s eventeenth century aJld in Italy in the eighteenth century. Sainfoin 

also has a long history of cultivation in southern England (Bland, 197 1; 

Spedding and Diekmahns, 1972). The earliest reference to be found wa8 

in 1733 where Jethro Tull described sainfoin culture in England. Clark 

and Kalte (191 3) suggested that t he cultivation of sa .. i nfoin first began 

in France, from there spreading to other European countries especially 

Italy, England, Switzerland and Germany. Bland (1 971) suggested that 

the Giant and Common form of sainfo in in Britain may also have originally 

originated from France. Various strains of sainfoin have been 

introduced to North America since about 1820 (Clark and Malte 1913) but 

it has only in the laat few years gained importance in North American 

agriculture climaxing in 1968 in the first sainfoin symposium at 

Montana State University (Cooper and Carleton, 1968) fo llowed by the 

production of an information booklet by the Canada Department of 



Agriculture in 1972 (Hanna et&, 1972). 

1 • 2 Potential of sainfoin in New Zealand 

In New Zealand agriculture heavy emphasis is placed on grassland 

farming. Today with the high cost of artificial fertilizers, and with 

the knowledge that they are a limited resource, the need for legumes 

is becoming more apparent; due to this we are entering a new grassland 

era where the legume component will be the limiting factor determining 

production. To meet this need the breeding and re-evaluation of new 

legume species will be necessary to fulfil all roles in our grassland 

farming so a.a to maintain present production levels. 

In many areas of New Zealand summer production is limited, in some 

cases severely, by summer drought. To overcome this problem lucerne has 

been grown mainly for summer feed. However, this forage plant has many 

disadvantages for the complete role it is meant to fulfil. For example, 

it c auses bloat among ruminant animals; therefore its use on 'town 

supply' dairy farms is lirrdted. In addition this forage crop is a 

monoculture crop and is always under the continual threat from pests and 

diseases. This latter factor is or national importance. For example 

the recent aphid problem on lucerne has highlighted the need for a new 

legume species that will occupy a similar role to lucerne. With more 

2. 

than one monoculture legume species in use the risk of a major production 

loss from the introduction of a new pest or disease ia greatly decreased. 

A plant species that could show great promise under the New Zealand 

farming situation is the forage legume sainfoin. As vecy little is 

known about this plant a full agronomic programme will need to be 

undertaken so that its full potential can be realized. However, before 

a study of agronomic aspects begin an understanding of the plants 

growth characteristics and the environmental factors that control the 

flowering process are essential. Too often in the past there has been 

a poor understanding of a plant's physiological growth charact~ristica 

while undergoing an agronomic evaluation. Often in the past the 

tendency has been to agronomically evaluate a species, then by the time 

the new cultivar has been released for commercial seed distribution 

physiological aspects are examined because prior obtained agronomic 

aspects can not be fully interpreted without this fundamental knowledge. 

This often leads to a field trial needing to be repeated at a later date. 



Agronomic features of sainfoin 

The main agronomic features of sainfoin are its ability to fix 

nitrogen , a very high nutritive value and most importantly t hat it 

does not cause bloat in ruminant livestock. 

In addition sainfoin has a very deeply penetrating root system 

that confers drought resis t ance to the plant. In fact Percival (1921 ) 
notes that sainfoin roots penetrate deeper than lucerne roots. Sainfoin 

can grow on a range of soil types from shallow s oils t o cl ays (Orsi, perso 

comm . ). In Canada sainfoin grows best on Hlack, Dark Brown, and Brown 

soils (Hanna e t al 1972); in England it is found on the chalky soils of 

the south and east (Thomson, 1938a). Sainfoin seems to prefer a Ro il 

containing free chalk. Baker et al (1 952 ) postulated that it might 

grow better than lucerne on dry chalky soils because it might be less 

sensitive to the generally low potash status of such soils . Badoux 

(1965) found that the yield of Giant sainfoin did not i ncrease after 

nitrogen fertilizer application . Roath and Graham (1968) found no 

response in sainfoin to phosphorus fertilizer i n a three- year trial on 

dry land (Western Montana USA), and in a one yer1.r irrigation trial. 

However, analys is of hay from these two trials showed no difference in 

phosphorus content between s ainfoin, lucerne, and red clover. From this 

result Roath and Grahrun l1968) conc1uded tha t sainfoin might have a 

greater ability to grow on low phos phorus so ils than lucerne or r ed 

clover. 

Ini'ormation on the yields of sainfoin under modern husbandry 

conditions is very scanty. Under a favourable management regime sainfoin 

has yielded, in Britain, up to 12000 kg dry matter/hectare/year with an 

organic matter digestibility of approximately 65% (Spedding and Diekmahns, 

1962) . In a sheep grazing trial over a five year period Smoliak and 

Hanna, (1975) working in Canada found that the amount of dry matter 

produced by lucerne and sainfoin did not differ significantly during 

the study. Most importantly these authors found that sainfoin was more 

palatable than lucerne and that throughout the five year period no 

deterioration in "cover" was observed. Whyte et al (1 95 3) also noted 

that sainfoin" •••• • is at least as good as lucerne and probably better" 

in its ability to withstand and survive grazing. 

For a more detailed descript ion of the agronomic characteristics 

of sainfoin reviews of what is known about the plant are given by 
Spedding and Diekmahns (1972), Ranna et al (1972), Cooper and Carleton 



(1 968) and Bland (1971). 

1.4 Physiology of sainfoin 

To date there have been few studies on physiological aapects of 

sainfoin. Seed studies have been carried out by Thomson (1951b, 1952) 

and Carleton~ al ( 1963). The latter authors found that the optimum 

temperature for germination was 15 - 20°c and that for seedling growth 

was 20 - 30°C9 Carleton et al (1963) also noted that pods surrounding 

the seed reduced the speed of germination and seedling elongation. 

They found that this inhibitor effect was due to a water soluble 

inhibitor in the pod. 

Studies on flowering have mainly involved observations made during 

agronomic trials. For example cultivars Remont (Cooper, 1972) and 

Common (Fagan and Rees, 1930; Thomson, 1938a) do not flower until their 

second year of growth then they only flower once per season. Cultivars 

Eski (Cooper, 1972) and Giant (Thomson, 1938a) do flower in their 

4. 

first year of growth with up to three flowering times per growing season. 

Koreisia (1935) suggested that the reason why Common did not flower in 

its first season of growth was tha t it may"•••• have a long thermo-stage 

and mUBt pass through winter before i t can flower". 

Thomson (1951a) noted that cv. Common blossomed five days earlier 

than cv. Giant. However, Percival (1 949) observed that cv. Common 

blossomed five to ten days later than cv. Giant. Badou:x: (1965) explained 

this by suggesting variability in the origin of seed. However, differing 

environmental conditions of these two studies might also have affected 

the time of flowering. 

Bad.aux (1 965) noted that different cultivars of sainfoin showed 

variability in the time of flowering. This author mainly looked at 

Onobrychis species from a plant breeder's viewpoint. 

In 1966 Ba.wolski published a paper in Poland on aspects of 

development in two local cultivars of sainfoin. He no~ed that 

vernailization did not exert any significant influence on the reproductive 

development of sainfoin and that sainfoin was a short-long day plant. 

On examination of his methods a low temperature treatment* effect, 

* however, cannot be ruled out as opposed to a true vernalization effect. 

* Definition on page 5. 



Thus from a revielf of the literature on sainfoin it is evid.ent 

that the study of flowering, and the environmental factors that control 

flowering, appears to have excited little interest. 

1. 5 The present study 

In the light of possible agronomic importance of sainfoin and our 

general lack of information on this plant the present study was made 

5. 

to examine in more detail effects of enviroment on growth and development 

from germination to anthesis. 

This information will enable the plant breeder and agronomist to 

design field trials with more confidence and efficiency, and allow a 

more reliable interpretation of their results. In addition thi.s study 

will provide additional physiological information on a 'new' legume, 

thus comparisons/contrasts can be made with information already obtained 

from other closely related legume species. 

* Vernal i zation involves subj ecting plants to low temperature conditions 

~usually around 5°c) for a period of time so that they become "ripe-to­

flower", then on transfer to long photoperiods inflorescence initiation 

wi ll occur. The 'low temperature effect' is a different response in 

that low temperature treatment will haRt en inflorescence initiation even 

when plants are kept in short days, i.e. this is a direct effect of 

temperature as against the indirect effect of vernalization. 



CHA.Pl' ffl 2 

JLA'l'ERIALS AND MEl'HODS 

2. 1 Plant Material 

Sainfoin has in the pa.st been variously referred to as Onobrychis 

viciaefolia Scop. (Hanna et al, 1970), .Q_. sativa Lam. (Thomson, 1938a), 

and .Q. viciifolia Scop. (Spedding and Dielanahns, 1972). The latter 

name (o. viciifolia Scop.) is now accepted M botanically correct. 

In this thesis five different cultivars of sainfoin were used aa 

experimental material. Two cultivara were selected from England 

(Eastern Counties Giant and Cotswold Common), latitude 52°N; one from 

the Causca.sian region of the USSR (Krasnodar) latitude 45°N; one from 

Italy which is thought to have originated from regions around Florence 

(Italian), latitude 43°N; and finally one from Canada (Melrose), 

latitude 52°N. The Melrose cultivar was originally selected from plant 

material obtained from the Caucasian region (Hanna, pers. comm.). 

6. 

~o allow easier presentation, in thi.a thesis each plant type will be 

referred to as a cul tivar with names shortened to: Melrose, Italian, 

Giant, Krasnodar and Common. 

Due to the low percentage germination in the culti.vars used seed 

weight/1000 seeds has not been presented. It was decided that seed 

weight data would not be truly representative of each cultivars viable 

seed weight as many seed lots contained visibly non-viable withered seeds. 

However, the weight of milled seed/1000 is given by Percival (1936) and 

Mercer (1948) as 16 grams, the Official Seed Testing Station, Cambridge 

(UK) as 15.232 grams, and by Thomson (1951b) for Common a.a 15.69 grams 

and for Giant as 15.26 grams. 

N.B . For comparison the 1000 seed weight for lucerne is 2.61 grams, 

red clover 1.77 grams and white clover 0.60 - 0.70 grams (Spedding and 

Diekmahns, 1972). 

2.2 Growing conditions 

2.2.1 Pot size 

Plastic pots of sizes 5, 10, 13 and 15 centimetres were used. In 

addition large industrial food containers of volUDle 4800 cm3 were adapted 

as potsJ water release holes were drilled at the bottom of each pot. 



Plate 2.1 

Pot sizes used in this thesis. From left to rights 4800 cm3 

industrial containers, 15 cm (volume• 1400 cm3), 13 cm, 10 cm (volume= 

400 cm3), and 5 cm. Length of ruler is 30 ca. 



All pot sizes are shown in Plate 2.1. 

2.2.2 Soil: Nutrient mixes used 

For experiments in Chapters 3 to 11 a potting medium mix of 50:50 

peat/perlite was used. For experiments in Chapters 12, 13 and 14 a 

mixture of 50:25:25 peat:perliteapumice stone (grade B) was used. Thia 

latter mix allowed better drainage and aeration. 

Fertilizer mixes added to the soil mix included: 

(a) Modified Osmocote Nutrient Mix. 

1. 

mls./bushel of potting 
medium 

Long term Osmocote granules (18N - 2.6P - 10K) 

Superphosphate 

Ura.llli.te 

Dolomite Lime 

Ground White Lime 

pH "' 6.2 

100 

70 

14 

35 
400 

For experiments in Chapters 12, 13 and 14 a trac e element mix 

(Fetrilon Cambi, Henry York Co. Ltd) mixed in fine perlite was added. 

(b) Modified U.C. Nutrient Mix 

Superphos pha te 

Urarnite 

Dolomite Lime 

Ground White Lime 

Potassium nitrate 

Potassium sulphate 

pH= 6.5 

ml s ./bushel of potting 

75 
35 
18 

18 

5 

5 

medium 

(c) Modified Hoaglands Nutrient Solution (after Conger, 1964). 

Stock Solution (gms/litre) c.c . of stock solution 

115.1 NH4H2P04 
101.1 KN0

3 
164. 1 Ca(No

3
)
2 

120.4 llg804 

used per litre of water 
(cc/litre) 

1 

6 

4 
2 



Minor element solution: use one cc/litre of final nutrient solution: 

2 . 86 gm.9/litre H}oo
3
, 1.81 gms/litre )(nC12:4H20, 0.22 gms/litre ZnS04: 

7H2 0, 0.08 gms/litre Cuso
4
:5Hi, 0.02 gms/litre n2:tfo0

4
rH

2
0. 

Preparation of iron salts Dissolve 5 gms NaOH in 800 ml. distilled 

water, add 33.2 gms Em'A (tetra-sodium salt), stir until dissolved, add 

24.9 gms Feso
4
, stir. Make up to 1000 ml . and ~erate the soluti on 

overnight using an aquarium air pump. Use 2 ml. to 100 litres of 

water. 

Hoaglandssolution was used for experiments in Chapters 3 to 11 

mainly as a source of trace elements. However, experiments in Chapters 

7 and 8 only Hoaglands was used as the nutrient source. 

2 . 2 .3 Environmental conditions 

All glasshouse experimentR were carried out at the Massey University 

Botany repartment's glasshouse which was heated so that the minimum 

temperature did not fall below 15°c. In mid-summer the afternoon 

temperature within the gla.9shouse reached 30 - 35°c, however , on very 

sunny days the maximum temperature was slightly n~gher than this . 

Plants grown in the outside 'natural' environment were grown in 

pots in a fairly sheltered ( from wind) area between the glasshouse and 

laboratory block. 

Plants grown in the growth r oom and growth cabinets (Chapter 6, 

Appendix II) received light from 10 x 40 watt cool white fluorescent 

e. 

reflector t ubes and 8 x 15 watt incandeflcent bulbs. Within the cabinets 

air was circulated and the sides were lined with Aluminum foil. 

Watering was by hand (i.e. watering can or in the glaashouse with 

a sprinkler attached to the hose), or in the glasshouse by sub-irrigation 

for 30 minutes once or twice daily depending on the amount of water loss 

from pots. 

For the best control of mites under glasshouse conditions a mixture 

of Yates' White Summer Oil (30 mls./litre) and Kelthane AP (Rohln and 

Haas, USA ) ( 1 tea.spoon/2 litres) was uaed. Sprinkling the foliage with 

water 30 minutes prior to spraying overcame the problem of leaf damage. 

2. 2.4 Temperature 

The average outside daily maximum and minimum temperatures are 

provided below for 1976. Figures were obtained from the Mal!sey 



meteorological station. Thes e figures are provided so that the 

reader has an indication of the seasonal variations in temperature 

experienced in Palmerston North. 

9. 

Month J an . Feb . Mar. Apr. May June July Aug. Sept . Oct. Nov. Dec. 

Av • )(ax • 20 • 6 
Av. Min . 13 .7 

(oC) 

1 e. 9 
1 o. 1 

21. 2 
11 .o 

18.0 
9.5 

14 . 3 
6. 2 

11 .8 
4.4 

14. 1 
6. 9 

15.9 
7 .7 

In the growth room and ffrOwth cabinets the temperature fluctuated 
0 

between 21 - 25 C. 

2 . 2.5 Light 

The light i ntensity in the glasshouse wa~ slightly lower than that 

in the n~tual environment outside . This is due to dust , dirt etc . on 

t he glass plus an effect of the glass itself. Over the sumr,er period 

the glasshouse roof and sides were white w1:tshed so that a greater 

control over temperature within the glasshouse could be obtained, 

t his also decreased the light int ensi t y . To eive an indication of 

l ight intensity differences values are provided below. 

obt ained at the same time on a c l ear sunny day. 

Each value was 

PAR 
,, 

(microeinsteins/m~/sec . ) 

Outside 

In glasshouse 

In glasshouse with whitewashed 
walls and roof 

4100 

3000 

2500 

Plants receiving artificial short days were placed into 30 cm. 

deep boxes . At 4 . 30 p.m. a lid wa..~ placed on the box , over this was 

pinned a black fabric to ensure no light f iltered through cracks , gaps 

etc . At 8 . 30 a.m. the lid and fabric covering were r emoved . Plants 

remained inside the boxes during the day (Plate 2. 2 ). 

In experiments r eceiving artificially extended long days special 

curtained off sections were set up in the gl ru:ishouse (Plate 2 . 3) with 

light being supplemented in both morning and evenings. At 8 . 30 rt .m. 

curtains were opened (or in some cases lifted) and at 4.30 p.m. curtains 

were allowed to hang with joins pegged allowing no light to escape i nto 

19.9 
1 3. 1 



Plate 2.2 

Short day cabinet with lid removed. 



Plate 2.3 

Curtained sections within the glasshouse for long day treatment. 

The above photograph shows the curtained section of the glasshouse along 

th.e full glasshouse bench; note how the curtains are secured during the 

day. The lower photograph shows the apparatus that was used for both 

17 hour and 24 hour photoperiods. 



areas of the glasshouse. 

For experiments in Cha pters 13 and 14 special photoperiod boxes 

were adapted from previously used dark boxes (Plate 2.4). Each box 

was partitioned inside with black plastic so as to give two compartments 

each of measurement 70 x 55 x height 70 cm. Inside each box were 

fitted two 40 watt incandescent tungsten filament lamps tied on to a 

bamboo stick nailed on top of each compartment. On each lamp an 

aluminum dish (20 cm. diameter) was used as a shade. All lights were 

controlled by t i mer clocks. Electricity passing through the lights 

in the photoperiod boxes passed through an i solat ing transformer. 

At 8.30 a.m. each day plants inside the photoperiod boxes were 

placed, depending on the experiment, into either natural outside 

conditiona or onto the glasshouse bench. At 4.30 p.m. plants were 

replaced into the photoperiod boxes. In all photoperiod treatments in 

these boxes lights came on at 4.30 p.m. for the evening supplement and 

went off at 8.30 a.m. at the end of the morning supplement. :For the 

photoperi od boxes within the glasshouse the bench area they occupied was 

also curtained off during the night. Due to the black paint within all 

boxes very little light was reflec ted out. 

For all long day photoperiod treatments supplemented light hM been 

expressed as photosynthetically active r adin.tion (PAR). Values are 

expressed be low. 

Type of light supplement 

* 1. 100w ITFL as shown in 
Plate 2.3a 

2. 5 x 40w ITFL aa shown in 
Plate 2.3b 

3. 2 x 150w BG Atlas Flood Lamps 

4. 2 x 40w ITFL in Photoperiod box 

5. Growth cabinets 

6. Natural sunny day in 
outside environment (summer) 

PAR at plant 
height (Av . ) 

2 (1ueinsteins /m /sec) 

120 

100 

450 

90 

320 

4100 

* ITFL = incandescant tungsten filament lamps. 

Used for 
experiments in 

Chapters -

8, 11 , 12 

6, 7 

9 

13, 14 

Appendix II 

To provide an indication of light supplement variability PAR 

10. 

values are provided for various regions under the 100w lamps (plate 2.3a). 



Plate 2.4 

Photoperiod boxes. The upper photograph provides a view within 

an individual photoperiod box. 



Directly below lamp at pot level 

20 cm. above pot surface, directly below 
a lamp 

Edges of bench furtherest away from l amps 
at pot surface level 

A position mid-way between two lamps but 
at pot l evel 

PAR (;ueinsteins/m2/sec) 

= 125 

150 

50 

= 124 

For an indication of the natural photoperiodic conditions at 

Palmerston North (latitude 40° 30' s) seasonal day l ength figures are 

provided in Figure 2.1. This Figure is often referred to when 

discussing results in the f ollowing chapters . 

2.3 Plant Dissection 

All plant diss ections carried out in this thesis involved hand 

dissection with a Gillette sabre s teri le disposable scal pe l (shape E/11) 

using a.n Olympus sterioscopic 200m microscope, model III (magnifica tion 

7x to 40x). 

Dry Matter Determinations 

Proc edure for dry matter determinations in Chapter 7 involved 

placing root and shoot samples into individual brown paper bags. These 

were then evenly distributed on three trays within the oven (Watvic 

Model, forced air circulation). 

(100 ~ 3°c) and left overnight. 

At 5.00 p.m. the oven was turned on 

When the roots and shoots were 

weighed, beginning at B.30 a.m., only small groups of root and shoot 

samples were removed from the oven at each time so as to avoid an 

atmospheric moisture gain effect. The s ;:une drying and weighing me thods 

11 • 

were used in Chapter 8 except 'pyrex' beakers and not paper bags were used. 

2 .5 Statistical Methods 

To give an indication of variability standard errors of the means 

(SEM) values are provided. Where significance is noted the 5% level 

has been used. In many c ases the 1% level of significance has been 

indicated (Student 's~ t est, chi 2 test). 
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Figure 2.1 

Graph to show seasonal variation in daylength for 

40°s latitude. The latitude for Palmerston North, 

New Zealand is 40° 30'S. 

N.B. Civil twilight has not been added. 
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SJ-J;TION I 

Olfl'OC.C:NY : SEEDLING GROWTH AND }'LOHAL DEV:...;LOPMENT 

Introduction 

To understand fully any as p~ct of a tJ lant under study one r.ust 

be familiar with growth phenomena re l ating to th;;.t aspect. Thus when 

the flowering physioloe;y of a plant s pecies is examined an understanding 

of the plant's ontogeny from germination to an thesis is very importa.'1.t. 

'l'his allows easier understandinG of results as data can be interpreted 

with r egard to the growth form <ind physiology of the whole plant. 

Lack of faailiarity wi th sainfoin necessitates a study of the 

pattern of -,1egetative development of the seedline plant and floral 

development of ;m 'adult ' plant . 

12. 



13. 

CHAPl' ~ 3 

3. 1 Introduction 

seedling to ~aturity is important Go as to a l low a ~reater unde r standing 

of the pl;,..n ts ovt:r all phys1olo.:.,-y. 'l'hor.2011 ( 195fla), ,rnrkint:· in 

~land with cultivars Giant and COT"'JllOn , was the firs t to describe 

sainfoin development in any detail . He noted that ger~ination is 

e_oigeal , upon r eachine; the soi l :,urface the cotyledons arc thick And 

~1e~hy , ki dney shaped , with a flat upper surfac e ~nd a convex lower 

surface , turning dark green on exposure to light . Due to the very 

shor·t internodes the f i rst f>ix fo liage leaves all arose from the srune 

r ~~ion of t h e stem. The firs t leaf wa~ usual ly aimple, Lut a number 

of sec>•1 lincs ·111ere found with two , three o:.- four leaf) e ts. I n the 

!'lajori t y of seedlings 6rown unde.,... s 1Jrint; environment2-l c:ond j t.ions 

outside , and i.n an unheated 1..;·lasshouse , the C'IP.cond leBf wRs trifol iolat e ; 

third leaves wi th three or five leaflet!, were most f reqt ..... nt; the 

fourth leaf was usually sir-iilar to the F·ird. From thP fifth to the 

s ixth leaf t he number of leaflets _:)er leaf varied reaching a naxi rn.un on 

some plants of fifteen . In Corunon f' a in f .,in the int e rnodeH rcnained 

s hort t hrouL"hou t the cr~)winc season and new l eaves continued to be 

formed on the short main stc~ . Soon after the formation of the s ixth 

leaf basal buds became visible producing numerous leaves but remainine 

short . The internodes of Giant .,ainfoin plants elongat ed after the 

production of the sixth leaf . Eloneati on took place in the upper 

internodes; the firs t four to six , lowest, internodes remaining short . 

Ba.sal buds developed i n the axils of the lower leaves. The number of 

visible basal buds in three month old plants varied from one to sixteen 

in Giant and from two to twenty-one in Common, the most frequent 

number in the former being s ix and in the latter nine . 

The aim of the present inves tigation was to compare the early 

morphologica l development of the Melrose cultivar to that found by 

Thomson , 1938a) in Giant and Common. Thus an indication of conformity 

of variability was obtained. In addition this study was designed to 

provide more information on axillary bud development associated with 

plant growth and also to examine the initiation and growth of leaf 

primordia. 



The resu] ts of this stuay :ffoviJ.e a.Yl unclerst-'lndin,e- of early 

plant brrowth thus t:nablint, 2. '."'lo~·e ridequ;'t te understandir~; and inter­

pretation of dP.ta obtainea in f-..t11n.> ch·,pter~. 

Materials an,-1 !1etr'.O '.is 

On Decer:1t-,.... 8 1975 1,:elrocie SL·e<l ,µa::, sc;•,•m i.n-:.o "O c~ntimetr8 

;.,lastic rxit_, ccntai.nint; an o~.10co-+:e ';oil/nutrient :r:ix. Se2dlincs 

Were grow:-i in the c-lasshouse. 

Begir.11ir1t; one week after seedlinc f';ermi.nP..tion six plP..nts _Jer ~eek 

were dissected unti 1 tLe eil~hth week ·::>f ,_:yowth. Dissections involved 

a complete b.i.nocul2.r microscopic examinr1.tion of the growing regions of 

the plru1t. In addition some other vegetative param~ters were meP.sured. 

The tern.i.noloey associated with this type of study is often 

confused , with the reader unable to interpret exactly what the Ruther 

is t:r·y ing to say . Be-''1u:=;e of this ?.. diagr;:un, (F'ie1-1re 3.1), has bc>en 

provided to ;;how clearly l'·hat I me.'1.n •;.hen ref Prence i~ Made to ·. 

prt.Tticula:r struc~ure. 

3.3 RE::sults 

AxillR.ry c1.nd b;:rnal bud dcv•~J.op:nent over the first eight weeks of 

14., 

The first node at 

which active iil.i llary buct develop:nent t;,\r_es olace is the node associated 

with the f i:rs t 1 ea.f. By the e i ·h th week 1 2 - 1 5 rod e3 on the pr imhry 

ntem have actively t,-r0wing buds . Co•1tinued axillary hud development 

usually occurred first at node 2. (7igure 3.1). 
Fi5ure 3.2 snows that there is active axillary bud developMent in 

the axil of all visible leaves even in those that have senesced. In 

the gToup sa..npled at week eit;ht on averace the first to third leaves 

had senesced . 

The first sign of bud development was the initiation of a primordium 

in the leaf axil. The next stage involved the initiation of a leaf 

primordium in a similar manner to that of the prim~ry stem apex . This 

occurred on the next oldest node (i . e . node number four from the apex). 

Associated with the first axillary bud leaf primordium were two stipules. 

These stipules remain membraneous and often fully enclosed the basal 

bud up until the fourth to f i fth leaf primordium had been initiated 

within it. Often the leaf primod1.um associated with these stipules 
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.. 

Lateral -Ud 
~ (visible) 

~ 
Unfolded leaf 

Internode 

- ----- Node 

Primary a:d l lary hud 
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A diagr&~ of sainfoin showing the various organs and 

illustrating the meaning of certain terms . 
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A di~--ram t o show axillary bud development along the primary 

stem with increa$ini plant age. 
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Figure 3-3 
Diagram to illustrate the initiation and development of axillary 

buds in cv . Melrose . L = leaf, PAB = primary axillary bud, LP= 

young leaf primordiwn enclosed within the apical bud , PS = primar<J stem, 

C = cotyledon, ~AE = secondary axil l ary huds on PA13, A13 = leaf primordia 

enclosed in apica l bud. NB. Number s indicate plant age (weeks ). 



later decay l eav ing what appeared to be an axillary bud fully enclosed 

within this membraneous covering. 'l'he oldest leaf to emerge from 

within the axi Llary bud· ruptured this covering. Just before the 

axillary bud becomes vi.sible it extern3 the oldest leaf primordiurn out 

of the axil between the older leaf attached t o the node, and the 

internode . 

While dissections were be in~ cnrried out second2.ry axillary bud 

development was also noted . These did not deve lop until the seventh 

week of seedline growth. These ~P.condary buds occurred on the primary 

axillary buds on nodes three to seven but mos t frequently on the buds 

at nodes three and four . At no time did any of the secondary axillary 

buds become visible during the period of this experiment . 

The total number of leaves and leaf primordia ini tiated on the 

pr imary ster~ is shown in F i gure 3. 4. There Weis a steady increaRe 

reaching an average of 15.5 :!: 0 . 22 leaves and leaf primordia per plant 

by week eight . 

Th e nw::ber of leaf primordia enclosen within the apical bud of the 

main stem is shown in Fi6rure 3.5. There wa,, a large increase between 

week one and two, with a smaller increase at week three. Following 

this there was a constant number of leaf primord i a enclosed within the 

apical bud, althou&h , in larger and more mature shoo ts it has been 

observed (from other dissections ) that the apiclil bud often has six 

enclosed l eaf primordia. 

The average number of leaflets per leaf wafl noted (Figure 3. 6). 

The first leaf initi ated usually had one leaflet but sometimes there 

were three, the second leaf always having three leaflets . Older leaves 

had an increaaing number of l eaflets. When comparing plants, leaflet 

number was variable especially after node number 5 as shown in Figure 

3.6. 

Average maximum leaf l en~th was also measured (Figure 3.7). When 

plotted against seedling age the line takes the form of an asymptotic 

curve with only small increases in leaf length between nodes one and 

two, and nodes seven and eight . Between nodes three and six a steady, 

but greater,increase in maximum leaf length occurred. 

3.4 Discussion 

In this Chapter it has been observed that the pattern of growth 

for Melrose is similar to that described by Thomson ( 1938a) for Gi ant 

anct Common. 

In the first three weeks of growth there was a faster rate of 

leaf initiation on the primary stem than leaf appearance (i.eo 
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unfolding and unfolded leaves) (Figure 3.4). This was due to an 

increase in the number of enclosed leaf primordia in the apical bud 

(Figure 3.5). After the third week of growth the rates of leaf 

initiation and leaf appearance, on the primary stem were similar 

(Figure 3.4). 
The average number of leaflets per leaf showed a steady increase 

with increasing leaf number along the stem (Figure 3.6). When 

comparines this to Thom.son's results for Common and Giant, Melrose had 

a similar number of leaflets per leaf on the first three leaves. 

Melrose leaves after this have more leaflets than do leaves for Common 

or Giant plants. The variability in leaflet number per leaf also 

increaaed with increaing leaf number along the stem. This is in 

agreement with the results obtained by Thomson (1938a). Thomson also 

visually observed that leaflet number could be correlated with leaflet 

area in Common and Giant. In Melrose the same trend occurs only for 

the first few leaves, in latter formed leaves leaflet size was more 

variable especially between different genotypes within the cultivar. 

16. 

The smaller increase in leaf length between nodes number seven and 

eight (Figure 3.7) was due to (a) the fact that the leaves were beginning 

to reach their maximum size, and, (b) the leaf at node number eight may 

not have reached its maximum length when the measurements were obtained 

at week eight. 

No plants that were dissected showed any internode elongation. In 

Giant Thomson (1938a) noted that internode elongation began after the 

appearance of the sixth leaf (i.e. comparable to a four to five week old 

Melrose seedling). In the first season of growth Common plants showed 

no internode elongation. 

Axillary buds were initiated in an uniform manner beginning usually 

at the third node from the primary stem apex. Thomas (1962) observed 

a similar trend in white clover. 

From examination of Figure 3.2 it is observed that after the fifth 

week of growth basal bud development in the axils of the node associated 

with the cotyledons greatly increased. It is interesting to note that 

it was just after the fourth week of growth that the cotyledons began 

to dry-up and senesce. From this correlation it appears that the 

cotyledons might exert an inhibitory influence on basal bud development 

in the axil between the cotyledon and the stem. Dostal (1967) observed 

a similar inhibitory effect in the garden pea (fisum sativum) finding 

that the bud in the axil of an amputated cotyledon grows larger than 



the opposite bud in th e axil of R non-amputated cotyledon. 

In the plants used i n th i s experiment axillary buds beca."Tle 

visible in some plants after the seventh week of e;rowth. For 

Common and Giant plants Tl-, o::1son ( 1938a) found that b:=1.sal buds devel oped 

soon after the appearance of th ri s ix th leaf". For Mel r ose tt i s 

corres ponds to a bout the fourth to fifth week of g:cow t h (Figure 3. 4) . 

Thus in Melrose basal budc1 did not becor:ie visLble un til the plants are 

slie;htly older than either Giant or Common . However, the different 

environmental conditions experienced by the plants i n these two studi es 

may have partly contributed to t his difference in rate of basal bud 

appearance . 

17. 

Secondary axil l ary bud development occurred on nodes of the primary 

stem associated with act ive primary axillary bud develo pment . Thes e 

secondary buds began developing before the primary axi llary buds became 

visible. 



CHAPTER 4 

FLORAL ONTOG f.l'lr 

4.1 Introduction 

The first visible sign of fl owering in sainf oin occurs 1,hen a small 

inflorescence pr imordium is initiated in the axi l of a le~f primordium 

at the stem apex . However, this inflorescence primordium is enclosed 

within developiri.e leaf primordia; thus it is inconspicuous and cannot 

be observed except by microscropic examination. In sainfoin there 

can be up to six developing leaf primordia enclosed wi thin the stem 

shoot hence a period of time is required before an inflorescence can be 

observed without performing a destructive analysis of the stem. 

I n some plants the development of the primordia to a mature 

inflorescence can be affected by environmental conditions, for example, 

telilperature and sometimes phot .>period (Lang , 1965), and in some c;:,.ses 

18. 

these c0.1di tions are different from tho~e favourablA fo.r flower initiation. 

Thus differences in the time of a µI,,eanrnce rrn.y reflect, a t least partly , 

the action of these conditions and not the conrli tions determinine; ini ti,1tion. 

Therefore, reliable information as to the time of occurrence of inflorescence 

initiation can only be ohtained by dissection. 

It is usua l to measure inflorescence initi~tion by measuring later 

stages of inflorescence develo pment (lang, 1965). In some instances this 

~e t hod may not be the most useful . For example, Sali ~3bury (1955) wanted 

to study the developmental condition of the first formed inflorescence of 

Xanthium after a definite period of time . I n some of these time spans 

there was not sufficient time for a visible inflorescence to occur. To 

overcome this problem he developed a system of describing inflorescence 

bud development. This involved eight stages, the earliest of which 

could be determined by dissection. Thomas and Forde (1967) used a 

similar system to describe stages of inflorescence development in Lotus 

pedunculatus for recording results. 

When a plant flowers it is usually at its maximum size, thus the 

problem of apace can arise especially when large populations are needed 

for each treatment. To overcome this a system can be developed for 

describing stages of inflorescence development (i.e. similar to 

Salisbury, 1955; and Thomas and Forde, 1967). Thus the experimeht 

could be ended much earlier than would otherwise be possible . 



The stage and score :nethods suffer basically from the same potential 

error as the time method, that is , they may reflect differences in the 

development of the i!1i 1.iated inflorescences rather than their i.ni tintion. 

The aim of this present investiga tion was to descrihe the ontogeny 

of the inflorescence Eu1d flower of sainfoin . In addition the 

inflorescence developmental stages , as described in this Chapter , will be 

used throt:.ghout this thesis when discussing results . 

4. 2 Materials and Methods 

Throughout t his investigation cv. Melrose plants were used. 

dissection methods have been described in Chapter 2. 

Plant 

In Table 4. 1 measurements of inflorescence length and peduncle 

length are provided so as to indicate size differences between stages of 

development. For these two para~eters a large amount of variation 

occurs betwe,.,n cul ti vars , genotypes wi t r.in a cul ti var, different 

environmental conditions and µlant age . Measurements of inflorescence 

length does not include the peduncle length at any st2..ges of development . 

4.3 Ontogeny of the Inflorescence 

19. 

The onto5eny of the inf l orescence begins with the initiation of a 

reproductive 5--rowing point in the ?.Xil between the youngest leaf 

pri rnordium and the vege tative apex (McLean and Ivimey-Cook , 1956; Aitken, 

1960) . When sainfoin plants receive strcmg inductive conditions after 

they hav e reached 'ri peness-to-f lower ' , they produce inflorescence 

primordia on ten successive nod es l iy the time the first flower on the 

oldest inflorescence has turned pink and its petnls have opened. Thus 

it was possible to describe ten stages of inflorescence development 

corresponding to those occurring at the ten successive ·flowerine nodes 

immediately below the stem apex (Table 4.1, Plate 4. 1). 

Often some inflorescences aborted on the s t em before reaching 

anthesis. Cessation of inflorescence development resulting in subsequent 

abortion was observed to occur mostly at stages 6, 7 and 8 (Tables 4.1, 

Plate 4 . 2) . Inflorescences at stage 9 nearly always developed to 

anthesis . However, in some instances (see Chapter 5, Figure 5.10) 

florets on a stage 9 inflorescence would abort at the upper end of the 

of the inflorescence ; those florets t owards the lower half of the 

infl orescence usually developed to anthesis (Plate 4. 3) . 



Plate 4.1 
Stages of inflorescence development. 

Photograph A. From left to right, inflorescence 

stage 10, 9, 8 (0.8x) 

B. From left to right, inflorescence 
stage 7, 6, 5 (6x). 

A. 

:B. 



Plate 4.2 

Aborted inflorescences. 



Plate 4.3 

Partially aborted inflorescence. 

mature florets have already abscised as 

plants are kept within the glasshouse. 

Lower bracts represent where 

pollination does not occur when 

Note how the upper florets on 

the inflorescence have aborted before reaching maturity. 



When an lnflorescence showed signs of aborting the first areas to 

decay were in the carpel region of the oldest florets . Tissue decay 

usually progressed rapidly acropetally a l ong the inflorescence. Just 

prior to decay aborting inflores cences lost their 'greenness ' and 

became light yellow. 

Table 4. 1 

Stages of Inflorescence Development 

Stage 0: Vegetative. Hei6ht of apex is ar ound 0.12 mm. 

Stage 1: An inflores cence primordium is vi sible in the axil of the 

youngest leaf pri mo rdiwn. Both the i nflorescence primordium 

and the associated leaf primord ium are smaller than the main 

stern apex primordium . 

sr.1ooth . 

Surface of inflorescence primordiluu i s 

Length of inflorescence 0 . 06 ,;1'.1 . 

Stage 2 : Infl orescenc e pr i ;riordium i s lare;er than the a pex primordium. 

Bulges of future flower primordia are beeinning to appear at 

the base of the inflorescence primordium . These floret 

primordia first appear on the side of the inflorescence 

furthes t away from the main apical dome of the stem. 

Length of inflorescence= 0 . 35 mm . 

Stage 3: Three rings of floret primordia have been initiated at the 

base of t he inflorescence pri mordiurn . A bract primordium at 

the base of the oldes t floret primordia has been initiated. 

Peduncle is beginning to elongate raising the inflorescence 

away from the shoot. 

Length of inflorescence= 0 .5 mm. 

Stage 4: Floret primordia cover a pproximately half of the inflorescence. 

20. 

The first formed bract primordia, each surrounding a developing 

floret, nearly equal the length of the inflorescence. The 

older bracts are becoming hairy. 

Length of inflorescence= 0 .8 - 0.9 mm . 

Length of peduncle = 0 . 25 mm . 



Stage 5: The young inflorescenc e is completely covered by bracts 

associated with the florets. Inflorescence is becoming 

very hairy. Inflorescence still has a smooth dome which is 

initiating floret primordia. 

Length of inflorescence - 1.25 mm. 

Length of peduncle a 0.5 mm. 

Stage 61 The inflorescence is completely covered with developing 

florets and floret primordia. Inflorescence is emerging 

21. 

from the shoot thus becoming visible, without shoot dissection, 

for the first time. 

Length of inflorescence• 2.0 mm. 

Length of peduncle • 1.8 mm. 

Stage 7: The inflorescence has now emerged from the enclosing stipules. 

The youngest floret primordia are surrounded by their bracts . 

The inflorescence does no t have the appearance of being hairy; 

this is due to the fact that the distance between the hairs has 

increased while at the same time the hairs have not elongated 

a.ny more. 

Length of inflorescence• 10 mm. 

Length of peduncle • 4 mm. 

Stage 8: The inflorescence has been raised above the stem shoot by the 

elongating peduncle. The upper end of the inflorescence has a 

similar width to that of the lower end . 

Length of inflorescence• 20 mm. 

Length of peduncle • 80 mm. 

Stage 9s The inflorescence hM greatly enlarged in overall size. Basal 

florets are beginning to expand thus giving the inflorescence 

the shape of an arrow tip. The oldest florets' petals are 

beginning to become pink. 

Inflorescence length a 35 mm. 

Peduncl e length - 150 mm. 

Stage 10s The first formed floret has moved a t right angles to the rachis; 

this has been caused by the growth of that floret's pedicel. 



The petals are pir..k/red with the standard and keel clearly 

visible. Florets mature in an acroptel direction. 

Throughout this thesis when a plant has reached this 

stage then .it is defined as having blossomed . 

Length of inflorescence= 50-60 mm. 

Length of peduncle ""' 200 mm. 

N.B . The final length of the infl orescence is determined by the 

number of florets on the inflorescence. This can vary between plants, 

and also between different inflorescences on the same plant. In 
addition peduncle length can also vary . 

22. 

To provide the r eader with a more clearer indicat ion of when the main 

periods of inflorescenc e and peduncle growth occurred respective figures 

presented in Table 4.1 have been diagramatically represented in Figure 

4. 1. 

Onto~eny of an individual Floret 

The ontogeny of a floret on an inflorescence begins ll'ith a swelling 

on the lower end of an inflorescence primordiwn. This swelling always 

occurs on that s ide of the inflorescence primordium furthest away from 

the main stem spex . To describe the development of the floret, twelve 

main stages have been described (Table 4. 2) . In addition to this each 

stage has a bracketed number which corresponds to the stage earlies t at 

which that floret would occur on an inflorescence in Table 4. 1. 

Table 4.2 

Stages of Floret Development 

Stage 0(1) 

Stage 1(2) 

Stage 2(3) 

Inflorescence primordium is dome shaped . There is no 

visible sign of floret pri.P.iodia . 

At the base of the inflorescence primordium floret primordia 

are clearly distinguishable. 

A bract primordium is developing at the base of each floret 

primordium. Floret primordia are developing on the 

inflorescence primordium in an acropetal direction. 
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Figure 4.1 

A diagram to show inflorescence length (broken lines) and peduncle 

length (solid lines) on ten successive nodes for a. flowering stem of 

sainfoin. Ea.ch node corresponds to a developmental stage as described 

in Table 4. 1. 



Stage 3(4) 

Stage 4(4) 

/ 

Stage 5(4) 

Due to a greater growth in length the oldest bracts have 

completely enclosed each floret primordium against the 

inflorescence 'rachis'. At the base of each floret 

primordia one sepal primordium hM been initiated. 

Inbetween the sepal primordia and the apex of the floret 

primodium (in future this will be renamed the carpel 

primordium) are visible ten very small stamen primordia. 

1 The sepal primordia are beginning to t ake shape becoming 

flattish on their posterior and anterior sides. 

The carpel primor dium has developed into a carpel shaped 

organ with an elongated style and expanded ovary. The 

sepals nearly fully enclose the carpel. On the inside 

23. 

base of the sepals, small petal primordia are just discernible. 

Stage 6(4, 5)Five stamen primordia have developed into a green coloured 

anther and filament. The other five stamen primordi a are 

still distinguishabl e as hemispheres. 

Stage 7(5, 6)All ten stamen primordia have developed an anther and 

filament. The anthers are taking on their mature shape. 

Sepals and petals are further develo ping, with the sepals 

much larger than the petals. 

Stage 8(7) 

Stage 9(8) 

Anthers still green in colour. There still remain five 

filaments longer than the rest. 

Anthers have turned yellow. Standard and keel petals are 

green and macroscopically visible. Stigma is clearly visible. 

Stage 10(9) The 'tube' of filaments surrounding the style is beginning 

to elongate. 

Stage 11(9) Sepals are now shorter than the petals. The first sign of 

petal colour is beginning to appear. Pedicel is developing 

in size and length. 



Stage 12(10) Petals have become pink/red in co lour (depending on 

geno type of plant), and have opened. However, the two 

wing petals have remained reduced in size (length 2 mm. 

compared to standard petal 12 mm.); they are however, 

s till pink in oolour. At this stage the stamens are 

clearly diadelphous, 9 being fused to form the i ncompletely 

closed tube and 1 remaining free. The floret axis has 

moved at right angles to the rachis; this movement has 

been caused by the growth of the pedicel . 

24. 
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SECTION II 

GROW'l'R A1'D Dh'V.CLOPMENT UNDER WARM GLASSHOUSE J<.;NVIR01lMENTAL C.:ONDITIONS. 

L~ this sec tion variotLs a~pects of growth and development are 

examined u.11d<;,r glasshouse environmental conditions. 

In Chapter 5 growth and development of five r.ultivars of sainfoin 

(Melrose, Giant, I talia.11 , Krasnodar c1...~d Common) are examined under 

natural photo periods. Detailed data wt,re obtained and comparisons made 

between sainfoin cultivars and other cloflely related forage and pasture 

legumes. 

In Chapter 6 the effect of plant age on flowering in Melrose is 

examined to determine if a juvenile phase is present in this cultivar. 

In previous investigations it ha.a heen observed that when sainfoin 

plants are grown in small pots in long days fewer plants had elongated 

stems and fewer plants flowered when compared to plants that had been 

repotted into larger pots when transferred to long days. In Chapter 7 
data are presented confirming this earlier observation of the effect of 

pot size on reproductive development. 

this pot siz~ effect in more detail. 

Experiments in Chapter 8 examine 



CHAPI'ER 5 

A CO.M:PfaJlAT IVE STlfDY O:F' GHO'.,\"l'!i ,,:~D .:lEPHODUCTIV'~ DE'l1~LO"Pti:El.;T OF FIVE 

CULTIVJL~S I1~ RELATION TO SEASONAL CHANGES IN Et-NIRONMENT 

5.1 Introduction 
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The most quoted difference found 1.n tho literature between cultivars 

and strains of sainfoin is the ability to flower in the first or second 

year of growth. For example, Giant sainfo·n flowers durine its 

establishment year, whereas Common sainfoin does not flower until its 

second spring season of growth (Spedding and Di ekrnahna 1972, Baker et al 

1952, and Thomson 1938, 1951). 

The ability of sain..foin to regrow and flower twice or more in one 

season is also another difference between cultivars p~eviously noted. 

Cooper (1 972) described cv. Eski as a "one cut" cultivar and cv . Remont 

as a rapid regrowth "two cut" sai.nfoin. Baker ~ al ( 1952) noted that 

Giant sainfoin gives two and someti~es three flowering cuts for one 

season, whereas Common flowers only once a neason. 

Studies of ecotypic v~;.ric,.tion within lC::gume and gr:-n:3larid vegetation 

indicate that climatic 3election has yielded northern latitudinal 

cormnuni ties with individuals that can grow and mature under long daylen£the 

and short frost free periods. Progressively southward are commuri tes 

containing individuals that mature under shorter d3ylengths and longer 

frost free periods. Ludwig et al (1953) showed that various strains of 

Trifolium pratense L. had different critical photoperiods for flowering. 

Some strains could flower normally in a 14 hour photoperiod whereas other 

strains required a 16 hour photoperiod. Williams (1945) noted two 

main forms of Trifolium pratense, an early and a late flowering form. 

This author showed that red clover, according to flowering time, could 

be distributed geographically according to latitude. Early flowering 

strains occur approximately south of 50 degrees N latitude. No~th of 

about 60 degrees N latitude the late flowering types are more prevalent 

whilst in the areas between 50 to 60 degrees N latitudes e.g. Britain, 

both early and late flowering red clovers are grown. 

A low temperature requirement may also affect the time when flowering 

can occur. Leffel and Graham (1966) found one strain of Trifolium 

pratense that required vernalizing before it would flower. McKee et al --
(1972) found that crownvetch genotypes and cultivars differ in their 
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need for cold temperature pretreatment. 

Often a photoperiod x temperature interaction may occur. For 

example, Knight and Hollowell (1958) (Trifoliuru incarnatwn), Kasperbauer 

~ al (1962) (Melilotus sp.), Clarkson and Russell (1975) (_¥edicago sp .) 

and Morley (1 961 ) (Trifolium subterraneum) all noted that cold temperature 

pretreatment enabled plants to flower at a shorter photoperiod. 

In ad.di tion to reproductive va.:riation within species, variation 

in vegetative parameters can also occur between st-rains and culti7ars of 

the same species. F'or example, Laude (1958) noted that different strains 

of lucerne (Medica.go sativa) varied from those having a short and 

spreading growth habit to others being tall and upright. 

As already noted variation within a plant species is very common. 

To describe the variation found in sainfoin five cultivars were selected 

on the basis of their climatic and latitudinal origins. 

placed some lillitations on final selections. 

Seed availability 

L~ addition this experiment was designed so that a comparative study 

of the developnental biology of the five cultivars under natural 

photoperiods i.n the glasshouse at Palmerston North could be made. 

5.2 Materials and Methods 

Five cultivars were selected (Giant, Common, Melrose, Krasnodar and 

Italian). Thirty seeds per cultiva.r were sown on September 2 1975 into 

10 centimetre plastic pots containing a U.C. soil/nutrient mix (Chapter 2). 

Any seeds that failed to germinate were replaced with control spare 

seedlings. On November 18 1975 all plants were repotted into larger 

15 centimetre pots, this time using an Osmocote soil/rcutrient mix 

( Chapter 2) • 

At the beginning of November 1975 all plants received a 20 ml. dose 

of Hoagland's solution as measured with a MSD plastic cattle drenching 

gun. 

As the plants increased in size the spacing between pots was 

increased to reduce a.ny competitive effects, especially shading. 

In some cultivars a few of the plants died thus slightly reducing 

the total. 

(a) Leaf .AnKle Measurements 

Nov. 4 1975 leaf angle measurements on individual plant's were 

measured for the first time. Ea.ch plants mean leaf angle was scored 

on a visual scale of one to five (Plate 5.1). Leaf angle measurements 

were obtained at 14 day intervals. 



Plate 5.1 

Representative plants of the leaf angle classes used for measuring 

leaf orientation. From left to rights Score 1, 2, 3, 4, 5. 



Three observers were used to decrease any personal error that 

could be involved in any visual technique such as this. For each 

measurement five plants representing each leaf a.-igle scale were used 

as ir.dicators. These five plants were chosen on the basis o their 

ver-f close resemblance to plants in the photograph (Plate 5.1). 

28. 

During the Christmas-New Year period (1975-76) two measurements were 
made on Common. These were only scored by one observer - myself. 

my previous scoring observations I tended t o sliGht ly overscore in 

comparison with the mean by approximately +0 .1 to +0.2. 

From 

An extra two counts were made on Common as there was no stem 

elongation within the population beiri.g studied. Counts on the ot~er four 

cultivars were discontinued when shoot elongation bega.~. 

(b) Bud Swelling 

Beginning on November 18 1975 individual plants were scored f or bud 

swelling. For this and the following parametero data were collected by 

me only . Reference to page 34 will help the reader interested what is 

mea.~t by bud swelling. 

(c) Stem Elongation and Floweri.1'.g 

Beginning on November 18 1975 individual plants were scored for stem 

elongation; again data were collected over 14 day intervals. Stem 

elongation was defined as an elongating shoot having one internode that 

was visually longer than three millimetres. 

All flowering data were collected a.s defined in Chapter 2. 

(d) Associated Vegetative Developmen~ 

Counting the number of visible basal buds per plant began when the 

plants were 60 days old (November 18 1975) and was continued, at 14 day 

intervals, until the trial was ended on January 31 1976. At the first 

count basal buds would have been mainly primary basal buds; however, 

towards the end of the trial many secondary and tertiary basal buds 

were also present. 

data were recorded. 

No distinction was made between these bud types when 

In all cultiva.rs two counts were made on rate of leaf emergence. On 

December 2 1975 plants were tagged on the youngest leaf of a shoot that 

could hold a tag (i.e. an unfolding leaf). Two shoots per plant were 

tagged; a. basal bud and the primary shoot bud. Some plants tagged had 

shoots with elongating stems. After 20 days the number of new leaves 

emerged was counted on each tagged shoot. 

On December 22 1975 all plants were retagged so that another 

measurement could be obtained, again after 20 days. 



For each cultivar three leaf parameters were measured on December 

10 1975, t hese included; total leaf length, petiole length, a.11d largest 

leaflet width . Leaf length was defined as the total petiole Jength 

including the rachis to which the leaflets were attRched; the 

pe"tiole was defined as the distance from the stem node to the first 

29. 

pair of leaflets. Leaflet width was defined as the distance between the 

leaflet tips of two opposing leaflets . 

5.3 Results 

(a) Leaf Angle Measurements 

For each of the five cultivars the firnt response to the chaneing 

environment was an increase in the ant:;le of the pla.11ts I leaves (Figure 

5.1, 5.2). Associated with this was an increase in the leng th of the 

leaves; extension occurred both in the pet iole re0ion and the regions 

between leaflets. Individual leaves , including older as well as newly 

initiated ones, ~oved to a more erect position. 

1''igure 5. 1 shows this inc r ease in l eaf angle which was especially 

apparent in Com ... 'Tlon, Giant and Melrose. W:len leaf r1easu.rements were 

first made K.ru.cinodarf Italian, Giant and. Melrose had hi.;her mean leaf 

:mg-le scores than Common. 

For Common (Figure 5.1) the mean leaf angle increased, beginning on 

December 2 1975, then by mid-January 1976 the mean leaf angle beg.:m to 

decrease. It was noted that at the completion of this experiment the 

mean leaf a."lgle of the Common population had continued to decrease." 

By mid-March 1976 all Common plants were, again, wholly prostrate . 

A clearer picture of variability within each population is shown 

in Figure 5.2. These graphs show how Melrose, Giant, Italian and 

Krasnodar changed from a.."l initial score class of mainly 2, 3 and 4; by 

December 16 1975 most plants were in either score class 3, 4 or 5. 
For Common, score class variability increased with time. The frequency 

in each group with score 5 greatly increased from graph 1 to graph 4. 
(b) Bud Swelling 

Bud swelli!l8' occurred rapidly following its onset and within 

approximately three weeks (November 18 to December 10 1975) nearly all 

Melrose, Giant, Krasnodar and Italian plants had swollen buds (Figure 

5.3). It was not until 14 days later that the same response occurred 

in Common. 
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The rate of increase in bud swelling was similar for all cultivars 

over t heir respective main periods of swelling (Figure 5.3). 
(c) Stem Elongation 

In cv. Conmon there was no stem elongation within the period. of 

tLis experiment. Therefore in this section discussions will be centred 

only on the other four cultivars. 

In Meh·osc 1 Giant, Italian a..11d Kra:::nodar the primary shoot bud and 

basal buds elongated to produce primary and secondary stems regpectively 

(Fie:ure 5.4). The percent8€;e of plants with elon.g·at.ing secondary stem.3 

was always BTeater than the percentage wi th elongating primary stems. 

30. 

For example, in the Melrose population 83% of the plants had secondary 

stem elongation wherea.s only 43% had primary stem elongation. In 

addition to this, comparison of plants wi thin each population showed that 

secondary stem elongation tended to occur before pri~ary stem elongation. 

With the exception of one Melrose plant, all plants in each cultivar 

population that had primary stem elongation also had secondary stem 

elongation. 

For all cultiva~e the main period of ste~ elongation began at about 

the same date (Fi 0'l.1re 5. 4). Ti-iL, was es reci!:.lly so for percentage 

s econdary stem elongation. 

(d) Flowering 

Blossoming occurred i.n four of the cul ti vars, tr.ough in Krasnodar 

only&%, of the plants blossomed. In Common no plants flowered (Table 

5.1). Within both Giant and It hlian populations some plants had 

all tr,ei r macroscopically visible inflorescences aborted. Thus these 

two cultiva.rs had a higher figure for percentage inflorescence initiation 

when compared to the percentage of plants with blossoming inflorescences. 

The main period of blossoming for the three flowering cultivars 

(Melrose, Giant, Italian) was towards the end of December (Figure 5.5). 
Italian and Giant were overall slightly earlier to blossom than Melrose. 

The two plants that blossomed within the Krasnodar population were much 

later (mid-January). Melrose, Giant and Italian all had a few very late 

blossoming plants (Figure 5.5). 
Within the main flowering period for Melrose, Giant and Italian 

there were two main pulses of blossoming. These two pulses were related 

to the average number of sunshine hours per day over the blossoming period 

(Figure 5.6). This trend may have been exaggerated due to the rather 

unusual cool summer of 1975/76. 
Corolla colour was noticeably different in some plants. This varied 

from pink to a deep red with prominent scarlet veins in the petals. 
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The ,~rea tes t variation in corolla colour was in Melrose with individual 

plants h2.ving light pink c louTed petals while other plant3 had flowers 

with a deep red petal colour, 

Another difference be t wec:1 cul ti vars wa.-:, that Melrose had f ewer 

blos:0 uming stems than Italia.I! or Giant, but instead had more blossoming 

inflorescences on each stem (Table 5 ,1). I t was observed a.lso that 

t: losE:oming stern~ in Me l rose were t aller than thoRe <1f Gi an t or It3.lian. 

In all cultivars the development of lateral shoots on e1ongating 

prima...~· and secondary stems was ver:/ weai.:, hence very few i nfloreseenc e3 

were to be found on lateral hoo t s (T..,ble 5,1) . 

In Melrose, Giant and Italian there was a general trend for the 

number of fl ore ts per inf l orescence t.o df!creci.se acropetally (:Pi gure 5. 7). 

Melrose inf lorescences had more florets than did t l.ose of Italian and 

Giant (5% and 1% level 0f significance respectively calculated from the 

: irs t inflorescence on each ~tern). 

As previously mentioned there .vere differences in growtl. and 

devclo~~ent between primarJ and secondary ster'l.a . Plants of Melrose , 

Italian and Giant that had blcssoming .l.nflorcncences on the primary stem 

( as opposed to plants that did not have blossoming infloresc ences on the 

prlmarJ sten) we re analyzed. In Melrose ther e wag a greater nu .. mber 

(significant at t hf' 5% leve l) of fully deve loped inflorescences per utem 

on the secondary stems t han on the primary stem. There was no significa.~t 

diffe~ences between primacy and secondary ste~~ in Giant a.nd Italia.~ 

(Table 5.2). 

(e) Inflorescence Abortion 

An outstanding feature noticed in all cultivars that flowered was 

the high percentage of aborted inflcrescences (Table 5.3). Under the 

environmental conditions of this experiment the percentage of aborted 

inflorescences within cultivars ranged from 37% to 54%, In all cultivars 

inflorescences aborted at all stages of development. The first formed 

inflorescences on a stem tended to abort at a later stage of develo pment 

corresponding to stages 8 and 9 (Table 4.1, Chapter 4) than those formed 

later. In other words inflorescences developed further before ceasing 

growth in these Ca8es. Towards the apical end of the stem inflorescences 

aborted at a much earlier stage of development corresponding to stages 

5, 6 and to a lesser extent stage 7 (Table 4.1, Chapter 4). It was also 

noted that a higher percentage of inflorescences aborted towards the apical 

end of the stem (Figure 5.s). 
Examination of Figure 5.8 reveals what seems to be a definite abortion 



Tabl e 5. 1 

r'lower .:.ng a nd a::;:;ocia. ted P''trb.'.'leter~; : r, cci l L .. vars Melro:.e , Giant t 

Itali;:,..n, Krasnodar and C'.):'":1 ·.on. 

?Aelr0se 
1 SEM 

Giant 
! SEM 

I t'ilian 
- SE14 

Kr~snodar 
- S.EJd 

Common 

% plci!lt3 
having 
in.fl . 
initid. i o n 

'} j 

8 

0 

~t plcmts 
naving 
blo:-;..:;omine, 
. r 
1n~ .,_ . 

,, V • 1:0 • uf 
ivl: ... l. ',\'~ th 
·· ,r.ir,lete 
-~OrE,t 

,' t:Vt:!~---·prr.en 

.. v . no. 
;tem:, / 
r,L.Plt with 
!°'lo~soming 

inn. 
i t 1 l ...... \\er i rt"": 

86 

8 

1' .. rtnt 

1 (~ . ?5 
:: ., _53 

1 ;1 . 25 
! 2. 76 

11 . 00 
+ - 6 . 00 

+ - 0 .13 

+ 
?. 5 
0 . 50 

Av . no • 
~los ~ ul:\i n;; 
i nfl . ;,er 
'. ] O\'if.!I' ir.e 

stem 

' . 4 

+ 3. 4 
- 0.480 

Av . no. of 
r l0...,. · or:. ing 
infJ. on 
lati:ral 

,, 1 C'.Tl3 

• Al:_ 
• \..J I 

+ - ,1.'-·J 

) . ')~ 
+ - ') . 39 

+ 



Table 5. 2 

E'lowerint; characteristics of those ;Jlant:., th.::d. had i.nflorescence 

ini ti ;-;.t i o n on t;wir primary stem . 

Itiil ian 
:sEM 

Gi q.nt 
:.':SSM 

Prim2 ry stem 

No . plants 
with infl. 
initi.::i.tion 

6 

13 

Av . no. of 
blossoming 
inn./s tem 

+ L1 . 77 
- 1 . 04 

... ,! . OD 

.:. o. 7 21 

i\V ~ no. 
1,borted 
infl./stem 

+ 2.55 
- 0.648 

3.54 
+ 0.595 

3. '39 
+ o. 3n9 

Secondary stems 

Av. no . .. o_ 
blossoming 
- "l / + in~ • s sem 

7.05 
+ 0 . 921 

3.28 
+ 0. 345 

3. 26 
+ 0. 267 

Av. no . 
aborted 
infl./s tem 

2. 29 
! 0.458 

2. 94 
+ 0.241 

3. 62 
+ 
- 0 . 187 



Table 5. 3 

Inflorescence abortion and associated parameters in cultivars 

Melrose, Giant, Italian and Krasnodar. 

% of 
infl. 
that 
aborted 
totally 

Melrose 37 
! SE'M 

Giant 54 
:!° SEM 

Italian 50 
:!"s™ 

Krasnodar 40 
:!" SEltt 

Total no . 
of infl. 

per 
flowering 
plant 

29.95 

41.85 

36.80 

15.00 

Av . no. oi l% of 
fully I blossoming 

aborted in.fl. that 
infl./ partially 

flowering aborted 
plant 

11.00 
+ - 2.09 

22.60 
! 2.75 

17 .10 
+ - 2 .11 

6.00 
+ 5.00 

6.8 

8.0 

2 . 1 

10.5 

In those plants 
that 

flowered 

% of 
flowering 
plants 
with poor 
flowering 

24 

40 

50 

4 

% of 
flowe.ring 
plants 
with 
vigorous 
flowering 

33 

53 

43 

4 

N.B. Vigorous flowering s a plant having at least one stem with a 

minimum of six fully developed inflorescences. Poor flowering a a 

plant having no stem with more than 5 fully developed inflorescences. 
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A frequency distribution to show when inflorescences first blossomed 

(i.e. Stage 10, Figure 4.1) for Melrose, Giant and Italian. Each bar 

represents the number of inflorescences that had started t o blossom over a 

three day period . 

The solid deep line associated with the histogram for Melrose 

represents the average number of sun hine hours per day over the three day 

time period associated with the calculation of inflorescence blossoming. 
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pattern along the stem, particularlJ in Italian and to a l esser extent 

Giant. Two peaks in the percentage of aborted inflorescences along t he 

stem occur, the f irs t occurring on the stem at about inflorescence 

number five with the second occurring towards the apical end of the stem. 

To test whether this waH an external environmental effect or an 

internal plant effect on inflorescence development 15 blossoming stems 

from both Giant and Italian were examined. All cf these s teJ'llB begar1 

blossomng at different tir:ie intervRls. The resul ta in Figure 5. 9 show 

that two defini te abortion peaks still appeared thus supporting the idea 

that this inflorescence abortion pattein first noted in Figure 5 . 8 was 

caused by an i nternal plant effect and not an environmental effecte 

No inflorescence abortion pattern was observed in blossoming sterrill 

of Melrose, even when individua l stems were ex~uined. For the Melrose 

population there was a lower percentage of aborted inflorescences (Table 

5. 3) . This was brought about by a lower percentage inflorescence abortion 

rate all along the s tem (Figure 5.s). 
Another interesting observation was that in some inflorescences the 

fi r st formed florets blossomed while the later formed florets on the 

inflorescence aborted . This pattern of abortion occurred predomi,a..ntly 

in Melrose and Giant (Table 5. 5), especially on the first formed 

i nflorescences (Figure 5.10). The figure i11 Table 5.3 for the percentage 

of blossoming inflorescences that partially aborted in the Krasnodar 

population will not be used for discussion because only two plants blossomed. 

Thua this fit;;ure mRy, or may not, be mis ea.ding. In some inflorescences 

only one or t wo florets r eached maturity . Wh en examining the frequency 

distribution (Figure 5.10) one should be aware that the percentage of 

partially aborted infloi·escence-a in each cul ti var is low in comparison to 

the number reaching full development (Table 5 . 3) 0 

Associated Vegetative Development 

(f) Basal Bud Formation 

Basal bud formation is shown in Figure 5.11. All cultivars had a 

gradual increase in basal bud numbers during November and Dec ember, 

however, in the flowering cultivars (Melrose, Giant and Italian) there 

was a greater increase in basal bud numbers beginning at the start of 

January 1976. When comparing Fie;ure 5.11 to Fig1J.re 5.5 it can be seen 

that this greater basal bud increase is associated with the end of the 

main period of blossoming . Common tended to have a steady rate of 
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basal bud increase bef;inni ng in late November 1975. Krasnodar, after 

initially having a period of comparitively l ow basal bud increase, had a 

greater increase in basal bud numb~rs beginning in late Ja.~uary 1976. 

33~ 

Of the cultivars that flowered Melrose had, at the end of the trial, 

fewest basal buds. \-'Then comparing the basal bud development of this 

cultivar in plants that flowered and those that did not flower (Figure 

5.12) it can be seen that non-flowering planta followed a slight 

resemblance t o the basal bud pattern of Krasnodar (Figure 5.11) ; 

flowering plants foll owed a pattern similar to Itali.a.Tl. and Giant (Fil,'UTe 

5.11) . 

In Melrose the average num.ber of basal buds per plant, at the end 

of the trial, was greater in the earlier flowerLvi.g plants than in those 

flowering later (Figure 5.13). 
Italian (Figure 5.14). 

A 3imilar trend occurred in Giant and 

(g ) Rate of Leaf &nergence 

Two measurements were made of rates of leaf 8mergence. T1:e first 

measurement was made during the period the flowering cultivars were 

be6i nniTI.c; the phase of stem elon~._;.tion (Dec. 2 to Dec. 22); the second 

measurement during the blossoming ph~se (Dec. 2?. to Jan . 11). 

The result,, in 'l'able 5. 4 , sho·., t hat cultl'lars ca.n be divided into 

two gro'..lps de:iJcnding on their r ates of leaf emer.-gence particularly in the 

blossoming phase. Italian and Giant, and to a lesser degree },lelrone, 

form one group that has a more rapid leaf emergence rate. Krasnodar tu1d 

Common form a second group with a lower leaf emergence rate. 

Frora Table 5 .4 it could be art,--ued that Melrose did in fact form 

another group that could be situated inbetween these two extremes. 

was examined more close ly . Plants from the Melrose population were 

'l'hUJ 

dbrided into t Lose havine elongated versus non-elongated stema (Table 

5.5). This shows that the average leaf emergence rate for elongated 

stems was similar to that found in Italian and Giant (Table 5.4) . The 

average rate for non-elongated stems corres ponded to the Common/Krasnodar 

grouping (Table 5.4). 
There were no significant differences in Melrose for non-elongating 

or elongating stems with regard to primary versus basal buds (Table 5.5). 
There were,however, s i gnificant differences (1% level) between rates of 

leaf emergence in non-elongating versus elongating stems of a population 

from within the stem elongation and blossoming phase (vertical columns), 

and between the stem elongation phase for each population and the 

blossoming phase (horizontal columns) (Table 5.5). 



':'able 5.4 

Rat e of Le, f E:Ttt;rg-ence dt two developmenti:1.l 9tae;es in Melrose , 

Giant , Italian ~ Krasr:.cdar , a !ld Co:rL"l'JOn . 

:1.ur:iber cf :1ew leaves emerged per 20 days. 

Stem elor .. ;at ion pha-3e 

(Dec. 2 to Dec. 22) 

Overall Av. for Av. fo r 

M;clrose 
: SEM 

Gi-¥-nt 
- SEll 

av . I 
group 

--s .os + .• 
1- 0 .1 2 

+ 3. 11 
- J o 13 

Kras nodar ~-49 
! SEM ! 0 .1 2 

Common 
:!" SEM 

2. 22 
:to.os 

primary 
c;h;)q ts 

2 . B7 
+ - o. 14 

-:: • 75 
+ o. 15 

2.74 
+ 0 .17 

+ 2. 43 
- 0 .11 

basal 
shoots 

,-. • t3~.1 
+ o. i ':l 

3. 30 
+ 0 . 18 

3. ,13 
+ o. 18 

2. 27 
+ 0 .1 6 

2 . 00 
+ 0 . 08 

Each figure refers to the 

Overall 
;.v • I 
r:_:;ur 

5.14 
+ 0 .1 9 

4. 97 
+ 0 . 18 

3. 92 
+ 0 .1 9 

3. 61 
+ 0.09 

Blo::;soming ph.::is e 

(Dec. 22 to Jan. 11) 

Av. for 
: ri rnary 
shoots 

,1 . ?'( 
+ o. '\·) 

':> . 17 
+ 0 . 2') 

4. 67 
+ - 0.26 

4 . 00 
+ o. 17 

3.03 
+ 0.12 

Av. for 
b3.sal 
shoots 

I\ • '( 8 
+ ,, ')Q 

J. t.. • .' 

5. 11 
+ 0 . '.:.'1~ 

5 . 28 
+ - 0 . 25 

3. 83 
+ 0. 36 

3.38 
+ 0.13 



Table 5.5 

Leaf e!:l2rg t:ncc rates for elongatinc and non-Plongatine; ::mootE- of 

Melrose from tho2 stem elongation and blossoming phases of 6-rowth. 

Results are expressed as the nL1J:Jber of new leaves emerged in twen ty days. 

The stem elongation and hloeaoming phases were pe riods when t he flowering 

cultivars were at t hese s tages of e;rowth. 

Shoots with 
•Jlongated 
internodes 

Shoots with 
no elongated 
int~r nodes 

Stem elongation Blossoming 
phase phase 

Prim?J~ shoot 3. 71 ~ 0 . 184 6 . 00 ! 0 . 365 

Secondary 
shoo t 

Prima..7 shoot 
bud 

Basal bud 

3. /27 + 0 . 174 ~. 63 + 0 . 219 

,' . 50 + 0 . 132 3. 35 + 0 . 196 - -
1 . 92 -+ n. 143 3. 00 + () . 289 - -

Increase 

::' . 29 

1.05 

1 . 08 
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(h) Leaf Measurements 

Results are presented in Table 5.6. The ~ain cultivar differences 

were that Com~1on and Giant had significantly ( 1% level) smaller leaves and 

petioles, Common had significantly (1% l evel) s::naller leaflets. 

1''rom these leaf measurements a number of r elation.ships appeared. 

Using Stuj_ent 's t-teat these were nc,t flie-,rn ificant but when all five 

cultivars followed the sa.r.ie pattern this in itself is worth noting. 

These observations includes basal buds and secondary stelll.'3 in all 

cultivars have longer leaves a.~d petiol es than the prima..ry shoot (except 

Krasnodar~ petioles) , whereas leaflet widths of primary shoots/bas al 

buds and secondary stems were all similar within cultivars. 

5.4 Discussion 

(a) Leaf Angle 

In all cultivars of sainfoin the first visible response to the 

chan&ing na~ural photoperiod was that of leaf erectness .:md bud swelling. 

Zeevaart (1 971) found also that the earli es t visible response of spinach 

plants transferred from short day~ to long days wa..~ a more erect l~af 

ori en tation and i ncreased elongation of the petioles. In Trifo liu,"l'I 

praten.se L. cv. Emerson and cv. Mam.cioth were pros trate under a 10 hour 

photoperiod, were at an intermediat e stage uner 14 hours, whi l e in a..~ 

18 hour photoperiod they were fully erect (Keller and Peterson , 1950). 
Ludwig et al (1 953) also showed a similar effect of photoperiod in red 

clover, there being a gradual increase in leaf angle that corresponded 

to the 1 to 5 scale (Plate 5.1) as used i~ this t hesis i.e. score 1 was 

equal to a 8 hour photoperiod, score 2 was equal to 10 hours photoperiod 

etc. 

In Figure 5.1 it can be seen that four of the cultivars (Melrose, 

Italian, Giant and Krasnodar) had reasonably high leaf angle scores when 

the first leaf angle measurement was made . As this was an observational 

trial parameters were measured as they were observed to occur. Because 

the increase in leaf angle was initially quite rapid, the earlier leaf 

angle increases were missed. For Giant and Italian this initial high 

leaf angle score might also have resulted from their natural semi-erect 

growth habit in short days tsee Chapter 12). 

When comparing the leaf angle response for Common (Figure 5. 1) to 

the natural photoperiod curve for Palmerston North (Figure 2 .1) it can be 

seen that as the photoperiod at Palmerston North peaked so did the mean 



Ta ble 5.6 

Giant, I :; al ian, Krasnodar c-.nd Cr:,mmon. 

Melros e 
- SEM 
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leaf angle score of Common, the mean leaf angle score decreasing with 

the photoperiod thereafter. 
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When interpreting theae leaf angle data it must be kept in mind that 

a score of 5 does not necessarily mean that a plant has then reached 

maximum development for thi s reproductive growth phase. A plant with a 

score of 3 or 4 can proceed with the later developmental stages, as often 

appears to be the case for Giant and Italain (i.e. compare Fi~:;ure 5.2, 

graph no . 4 to percentage inflcrescence initiation data in Table 5.1). 

(b) Bud Swelline 

With increasing daylength the primary bud and the basal buds began 

swelling. 

Bud swelling was found to result fro~ the expansion of the petiole 

bases. In Melrose plants grown in short days the basal petiole width 
+ was 1.10 - 0.16 mm , whereas plants grown in long days had a corresponding 

mean petiole wid th of 2 . 22 ! 0.23 mm . As the petioles surround a.~d 

partially enclose the shoot then their increase in size gave the shoot 

bud a swollen appearance. 

It appears that this bud swelling is closely a,s,3ociated with the more 

erect leaf habit and increasing petiole length as describe<l. in 5.3 (a). 

(c ) Stem Elongati ,,n 

Following the phase of leaf erectness and bud swelling the plants 

moved into another growth phase - that of stem elongation. 

in both the primary shoot bud and basal buds. 

This occurred 

One interesting feature was the development of ba.3al buds on plants 

that had primru:.-y stem e l ongation . The first plants to show primary stem 

elongation only had a small number of visible basal buds at that time. 

At the count of Dec. 10 1975, Melrose plarits with elongating primary stems 

had 1.67 ! 0.333 basal buds per plant . In comparison the mean number of 

ba.sal buds and secondary stems for the rest of the Melrose population 

without prima.rJ stem elongation that had secondary stem elongation was 

4.40 ! 0.271 (si~ficant at the 1% l evel) . In addition Italian plants 

with elongating primary stems had 1.0 ! 0 basal buds per plant whereas 
+ the mean number of basal buds for the r est of this population was 3.71 

0.329 (si5'"Ilif i ca.~t at the 1% level). It would appear that the early 

conversion of the primary shoot to the reproductive state might have 

prevented further basal bud developmento Plants with high numbers of 

basal buds may have been fa.ster growing genotypes thus producing more 

basal buds before the reproductive state was induced. A juvenility 

factor might have also influenced the time available for basal bud 



deve l opment. For example, it would be expected that a plant with a l ong 

juvenile period would have more basal buds than a pl.ant with a short 

juvenile period as the former would have a long'er time interval in which 

to develop ba.sal buds before reproductive development started. 

(d) Flowerin_e, 

The flowering bahaviour within many legume speeieB is not uniform. 

For example, differences between cultivars, and clones within them, have 

been observed in red clover (Willia~s , 1945; Keller and Peterson, 1950; 
Feri3US a.11d Hollowell, 1960; Bula, 1969), whi te clover (Britten, 1960; 

Thomas, 1961), and lucerne (Medler ~t al, 1955; Zaleski, 1954). 
Sainfoin appears to be a hetero6eneous species with regard to its 

flowering behaviour (Spedding a.~d Diekmahns, 197?.; Thom3on, 1938 , 1951; 

Cooper, 1972; Sins kaya, 1958). Table 4.1 shows this variability in 
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the selected cultivars but in greater de tail than t hat previously described. 

In this investigation on development in sainfoir, under gla.s8bouse 

conditions, genotypes ~ithin cultivars could be divided on the basis of 

flowering into two main 1..,roups, one of which flowered (nearly all Giant im.d 

Italian plants, approximatclly half of Melrose and only two Krasnodar plants), 

the s econd of which did no t (the re.:Jt of the Melroso porulation, nearly all 

Krasnodar a.'1d all Common pl ante). In Melrog e , of those pl~nts t hat did 

not initiate inflo r escences 31% had internod '., elongation (Le. 69% did not)., 

In Krasnodar, of those plants that did not initiate inflorescences only 18% 

had internode elongation. 

or internode elongation. 

L~ Co,umon there was no inflorescence initiation 

Figure 5. 5 shows that blossoming· in Melrose , Giant and Italian began 

in early December, with Giant and Italian beginning slightly earlier t han 

Melrose. For these three cultivars the m~in period of blossoming occurred 

at the same time (i.e. late Dec. to early Jan.) (Figure 5-5, Figure 5.6), 
with each having a few plants that did not start blossoming until late 

in the growing season (Figure 5.5). Also the two Krasnodar plants that 

blossomed did so late in the season . 

Corolla colour was noticeably different in some plants. The greatest 

variation in corolla colour was in Melrose with individual plants havin8 

pale pink petals to other plants whose flowers had a deep red petal colour. 

Sinskaya (1958) noted that in Northern Caucasian species of Onobrychis the 

petal colour changed from a bright red in the upper altitudinal zones to 

pink on the lower stepps. 

(e) Inflorescence Abortion 

All cultivars that flowered had a high percentage of aborted 

inflorescences. This abortion phenomenon has often been noted in many 



types of plar1ts by various authors. For exa.,;-iple, in Trifolium repez~s 

L. (Thomas , 1961), Lotus pedunculntus (1',ord.e a."'ld Thomas, 1966); Lotus 

corn.iculatus, (.Joffe, 1958); J~dica.,;<Q s ativa Lo (Thomas, 1967); 

Pha.seolus vul garis (Bentley et al 1975); and Arachis hypo~ea (Smith, 
1954). 

iLvi lnterc-3t ing obs&rv ltion was that. the average numbe1· of fully 

developed inf1ore.'..l cenc-es per plant was cJ i rnilar between cul ti rars 

(Tabl e 4. 1) yet the average number of aborted lnflorec,c ences per plant 

(Table 4. 3) varied. This s1.-4.Sgests that a pl ant mir.:ht 0nly be able to 

support the dev e l op:nent of a certain maxirrm.m number of inflorescences , 

as appears to be the ca.ae in cot t or~ (Ea.ten and Ergle, 19S7) . 

In Figure 5.9 it wat= shown that there is a definite in t ernal rhythm 

in infloresc ence abortion along the stem in cultlvars Giant and Italian4 

Detailed d.iscussion on th.is aspect will be presented in Chapter 15. 
An unusual obser~ation was the occurrenc e of partially aborted 

inflorescences in Melrose and Giant (Figure 5.10). ½~en occurring, 

these forme~ predominant l y on the first two infl orescences on the stern. 

It is difficult to i n t erpret and explain t his observation when also 

ta..1<ing into account the Gbservation in Figure 5.9 (i . e. abortion µatte!.'!! 

along the stem). Again detailed discussion of this aspect of abortion 

will be presented in Chapter 15. 

(f) Basal Bud Formation 
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In the flowering cultivars basal bud development was retarded during 

the onset of reproductive development. W'nen blossoming was completed 

ba3al bud number s again began to increase . In the non-flowering Common 

cultiva.r b a.sal bud formation continued steadily throughout the period of 

this ex periment (Figure 5.11) . An inter esting cultivar was Krasnodar 

which had significantly lower basal bud numbers per pl ant, even on plants 

remaining in the rosette ?haae. This appears to be a genetic effect 

rather than environmental . The non-flowering Melrose· plants (Figure 

5.12) also followed a basal bud formation pattern similar to that of 

Krasnodar (Figure 5.11). This aspect will be discussed in greater 

detail in Chapter 15. 
When comparing flowering dates (Figure 5.5) and average number of 

basal buds per plant (Fi gure 5.11) it should be remembered that Melrose 

was sli ghtly later to blossom than Giant or Italian. Thus it would not 

be expec ted that Melrose, at the end of t he experiment, would have as 

many basal buds as Giant or Italian, as buds not yet visible might still 

have been developing. This has an important practical aspect in that 



early flowering genotypes might possibly be able to develop new basal 

buds after the first blossoming period that could later elongate into 

flowering secondary stems in the one season. 

I n conclus ion it could be stated that, on the pattern of basal 

38. 

bud development , cultivars can be divided into tr...ree groups. The first 

e,-roup follows a develo pmenta l pattern s imilar to Italian, Giant and 

the f lowering Melrose plants; tl1e second group follows t hat of 

Krasnodar a.11d t he !'ton-flowering Melrose plants; and the t hi rd group 

follows a J.,a.ttern as found i n Conman. 

(g) Rate of Leaf Einergencc 

The data show that cultivars can be divided into two group$ 

depending on their rates of leaf emerg nee in the blos.oming phase 

(Table 5.4) . Italian and Giant , and flowering Melrose plants form one 

group that has a rapid leaf emergence rate . Krasnodar, Common a."ld non­

flowering Melrose plants forn a second group with a lower leaf ernereence 

rate. 

Resul tS' s irr. ilar to these have been observed in other plants. For 

exar.:lple, in the short day plant Chenopodium amaranticolor, 'l'homa.s (1 961 ) 

showed that t he rate of leaf ini tiation increased following flower 

i nduction f rom 0.47 to a maximum of 1 . 35 per day. 

La.r1Ger a.."l cl Bussell (-1 964) also noted in the da~,: neutral plant, 

Fagopyron tartaricum Gaetn., that the rate of leaf initiation increased 

during the period coinciding with the appe~rance of flower initials. 

Lang (1 965) in hi s review noted that this increase in leaf in.itiati.on 

rate associated with floral induction may be more widespread and may in 

fact be a rebrular feature of the trans ition from vegetative growth to 

flower initiation. 

The smaller increase in the rate of leaf emergence on vegetative 

non-elongating shoots at the time other plants are blossoming (Table 4.5) 
can be explained as due to hi~·her temperatures , and an increased photo period 

wi th a corresponding increas ed light intensity as summer draws near. In 

other words this might be due to an overall increase in the plant's 

metabolism brought about by higher temperatures coupled with an increased 

photosynthetic effec t due to loJ1Ger days with a hieher intensity light. 

I n addition this small increase in leaf emergence rate could be due to a 

partial reproductive induction effect. That is, the reproductive process 

might have been blocked at an early developmental stage. In the present 

case this could have occurred after the stage of leaf erectness and bud 

swelling. 



(h) Leaf Measurements Prior to Flowering 

Leaf data have been provided to allow a greater understanding of 

the results p.::esented .i.n this chapter. Sinskaya (1 950) noted that in 

Caucasian Onobrychis spe0ies those from hich altitudes h~ve narrower 

leaflets than those originating from low~r a ltitudes. 

(i) General Dis~ussion 
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In the develop:nent of sai.nfoin to the pe:-iod when blossoming occnrred 

distinct reproductlve stages were noted. These stages included (a) an 
increase in the angle to the horizontal of the leaves of each olant coupled 

with bud swelline, (b) stem eloncat ion, (c) inflore3cence initiation, and 

finally (d) development of the inflorescence to maturity. Previous authors, 

~orkinti with other pla.~ts , have oftdn argued that stages before initiation 

are not distinct reproductive stages (Lanf,, 1965). To examine, in 

sainfoin, whether the s tages of leaf erectness and bu.d swelling, and stem 

elone;ation , a.re distinct re;irodu.ctive stages data from the Melrose 

population were analyzed . All plants from this population ~ere divided 

into two grou_ps: tnose that flowered and those having no floral initiation. 

On December 16 1975 (the last count) the nean leaf anele for those 

plants that l ater flowered was 4. 23 ! 0.182 whilst for those pla."lts r,ot 

flowering the mean leaf angle wa~ 3.69 ! 0. 237 . This difference, al thoueh 

not statistically 3ignificant, was apparent on all occasions when leaf 

angle neasurements were carried out. 

From the count on Dece:nber 16 1975 l eaf erectness ·:,as correlated ..vi th 

earl ier flowering (r ~ 0.86). That is those plants that first responded 

by raising their leaves were subsequently the firot to flower. 

89% of the plants that had bud swelling on the first oud swelling COUJ7.t 

(December 2 1975) later flowered. For the group that did not flower only 

54% had bud swelling. Usitl6' the Chi2 test this difference was s ignificant 

at the 1% level. This shows that the first plants to have basal swelling 

later flowered during the period when blossoming occurred. 

In Melrose shoot elongation was correlated with flowering. In fact 

only 31% of the non-flowering plants had any stem elongation and generally 

these stems had only a few elongated internodes. 

There was thus strong correlation between earlier and/or more erect 

leaves, early bud swelling, stem elongat ion and flowering. 

When examining the characteristics of each cultivar when grown in the 

glasshouse genotypes from within each could be divided into different 

groups. For example, nearly all the Giant and Italain plants within the 

populations exanined, and the Melrose plants that flowered, formed one 
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genotype e;roup. A second genotype group consisted of the non-flowering 

Melrose plants and nearly all of the Krasnodar plants. Finally all 

Common plants and possibly some Melrose plants that remained as rosettes 

form a third genotype group. Under the glasshouse conditions of this 

investigation evidence tends to suggest that the •1non-flowering" 

cultivars Common and Krasnodar ar~ not closely related with regard to 

groT:th a.nd developmental control. 'rhey both have different patterns of 

basal bud development. n K.ra::modar 8% of the plan tG flowered, 25% had 

elongated stems with no macroacopically visible inflorescence initiation, 

67% remained in the rosette phase. In Common 100}~ remai.ned in the 

rosette stage. Leaf measurements (Table 4. 6) were also different with 

Krasnodar having longer leaves, petioles and wider leaflets than Comr.1on. 

In describing the vegetative cha~acteristics of these two cultivars 

leaflet width coes not show the full difference between the two. Leaflet 

e..rea would have been a better parameter to use. 

greater leaflet area than did Common. 

Krasnodar had a much 



CHAPI'ER 6 

THE EF'}t,IDr OF PLANT AGE ON !<,LOWERING 

6.1 Introduction 

The failu.re of a plant to flo~er can be att~ibuted to its immature 

state and/or the l ack of favourable environmental conditions. The 

former refers to an internal characteristic within the plant whereas 

the latter refers to the external environmental conditions in which the 

plant is growing. Often it is difficult to distinguish "A'hich one of 

these two factors is actually responsible for inhibiting reproductive 

development, however, i f no flowering occurs over a wide range of 

environmental conditions then the plant is probably still immature. 

Most flowering plants pass through a series of developmental stages 

before reaching anthesis. That stage during which a shift from the 

vegetative to the reproductive state cannot be induced (even under 

conditions otherwise faYourable for flower formation) is the juvenile 

phase (Wadi and Ram, 1967). Juvenility in plants was also defined by 

Schwabe ( 1971) as"••••• the w~nimum growth requirement or delay, before 

se>.."ual reproduction becomes possible ••••• " IU.ga.zy ( 1962) defined the 

juvenile phase as"••• a period from seed germination during which no 

flower initiation can take place under conditions which are favourable 

at a later stage ••• " The juvenile stage has also been called the 

minimum vegetative stage, immature condition or sterile stage and is 
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often characterized by distinctive vegetative morphology. For example, 

in some plants juvenility has been discussed in terms of leaf shape and 

size, leaf abscission, phyllotaxy, thorniness, ease of rooting of cuttings 

and growth habit. 

The stage at which a plant is able to flower has been called the 

mature or adult stage (Wadi and Ram, 1967) and the plant is referred to 

as having attained "ripeness-to-flower" (Klebe, 1918), "puberty" 

(Gregory, 1948) or "competence" (Cooper, 1952). 

When defining· the conceipt of juvenility some previous authors have 

included the plants requirement for specific environmental conditions 

before flowering can occur (Schwabe, 1971). In this study the juvenile 

phase will be discussed in terms only of the internal immature condition 

of the plant. Thia is diagramatically represented below. 
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Diagramatic Representation of Juvenili!l, 

--- time ---

J-----------------,1······ ···· ···············~=--------==----
Environmental req'mt t Immature condition 

Germination 
e.g. vernalization 

(a)------------------~ 

(b)----------~ 

Adult 

(a) The juvenile phase as described by Schwabe (1971). 
(b) The juvenile phase as defined for this study. 

Phase 

The duration of the juvenile phase varies between species. For 

example, the groundnut (Arachis hypogaea) actually carries flower initials 

in the seeds even before their germination (Wellensiek, 1957). Silene 

armeria L. has a juvenile period of around three months (Wellensiek, 1969). 
However, in some woody trees t he juvenile pha.ae lasts up to 30 to 40 years. 

The fundamental causes of juvenility are unknown . However, various 

treatments have been shown t o influence the length of the juvenile stage. 

Higazy (1962) noted that in plants of Silene armeria L. the juvenile stage 

was decreased under high light intensity. Wadi and Ram (1967) decreased 

the juvenile phase of Kalanchoe pinnata. Pers. using gibberellic acid; 

similar results were obtained with Brassica oleracea using auxin (de Zeeuw 

and Leopold, 1955). Johnston and Crowden (1967) obtained earlier 

flowering in Pisum sativum by removing the cotyledons. Paton and Barber 

(1955), working with Pisum, obtained earlier flowering in late-flowering 

varieties by grafting lateflowering stock to early flowering stock. 

The objective of this present investigation was to determine if 

¥elrose sainfoin has a juvenile phase and, if so, to determine the length 

of time this phase lasts before the plant can attain "ripeness-to-flower". 

6.2 Materials and Methods 

In this experiment cv. Melrose plants were used. Seed was sown 

on September 2 1975 into 10 centimetre plastic pots containing an U.C. 

soil/nutrient mix as described in Chapter 2. Each pot contained two 

plants. On November 29 1975 all plants were repotted into 15 
centimetre plastic pots, still with two plants per pot. In this latter 

repotting an Osmocote soil/nutrient mix was used. For three weeks 
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prior to repotting all plants received a weekly 40 ml. dose of Hoagland's 

nutrient solution. 

The experiment consisted of six treatments as shown on the next page, 

each of 30 plants. All plants in the glasshouse were grovm in natural 

photoperiods; in some cases this was artificially lengthened or shortened. 

An important factor to consider is that aa summer approached the mean 

daily temperature increased, the average light intensity per day increased 

and there was an increased daily duration of natural light. Figures 

demonstrating these changes are provided in Chapter 2. Because of this 

change i n environment with time Treatment 6 was added thus a comparison 

can be made with Treatment 2 to determine, whether or not, temperature 

and light have any effect on the juvenile phase. 

The reason for using the parameter of .20 percent of plants to have 

elongated stems per population (Table 6.1) to compare treatments was to 

enable a more reliable comparison to be made with the 12 week short day 

pretreated population 88 just after this period the plants in that 

population were defoliated by mites causing an inhibition of growth. 

In Treatments 2 and 3 (i.e. 0/early sown , and 6 week SD pretreated 

populations respectively) the continuous light treatment was initially 

given in the controlled environment growth room (PAR• 320 microeinsteins/ 

m2/sec. at plant height). Due to the low intensity light and the 

difficulty in controlling mites, plants in these treatments were transferred 

into the glasshouse on October 18 and November 17 1975 (i.e. 0 and 6 week 

pretreated populations respectively) where a continuous light section had 

been curtained off. There the plants received natural light with a 

supplement of artificial light provided by 5 x 40 watt incandescent 

tungsten filament lamps (PAR• 100 microeinsteins/m2/sec. at plant height) 

throughout the night. Treatments 4 and 5 (i.e. 12 and 24 week SD 

pretreated populations respectively) went straight into the continuous 

light conditions in the glasshouse. 

Treatments receiving a 17 hour photoperiod all went into a curtained 

section of the glasshouse with supplemented morning and evening light 

provided by 5 x 40 watt incandescent tungsten filament lamps (PAR• 100 

microeinsteins/m2/sec. at plant height). 

On October 27 1975 all plants not under long-day treatment were 

placed in artificially shortened B½ hour photoperiods receiving natural 

light as described in Chapter 2. 

On November 18 1975 more seed was sown (i.e. Treatment 6). Upon 

germination 30 plants (two per 10 centimetre pot) were placed immediately 
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into the 17 hour photoperiod. When required plants were repotted into 

15 centimetre pots. The same soil/nutrient mixes as in the other 

treatments were used for respective pot sizes. 

Treatments were kept in long photoperiods until flowering had been 

completed . The t.ime of final harvest for each experimental group, shown 

on the diagram, was decided when no more new stem elongation was occurring 

on non-flowering plants. A stem was defined a9 having elongated when an 

internode had visibly elongated at least three mm. 

The 17 hour and continuous light 12 week short-day pretreated 

populations (Treatment 4) received a heavy mite attack at the stage when 

stem elongation had just began. 

measured in this treatment. 

Because of this few parameters were 

Often plants with elongated stems that did not have macroscopically 

visible inflorescences were dissected at the time of final harvest. At 

no time were inflorescences found. 

6.3 Results 

6.3 . 1 Stem Elongation 

The percentage of plants to have elongated stems was r ecorded in the 

17 hour photoperiod (F~gure 6.1 and Table 6.1) and continuoue light 

treatments (Figure 6.2 and Table 6.2). Treatments in the 17 hour 

photoperiod showed no significant differences. The same trend occurred 

in the continous light treatments. In the short day control treatment 

(Treatment 1) no plants had elongated stems or macroscopically visible 

inflorescence initiation throughout the peri od of this experiment. 

As the plant age increased, the time required for stem elongation 

to begin, after transfer to both continuous light and the 17 hour 

photoperiod, decreased. There was no significant difference between the 

6- and 12-week short day pretreatment populations in either the 17 hour 

photoperiod or continuous light treatments. For plants with no short 

day pretreatment the later sown population (Treatment 6) reQuired fewer 

days for 20 percent of the plants to have elongated stems than did the 

earlier sown population (Treatment 2) (Table 6.1). 

The length of elong·ated stems was also measured (Table 6.1, 6.2) 

but the large variation within each treatment makes it impossible to 

determine if any differences are significant. However, the differences 

within treatments of vegetative stems (i.e. stems without macroscopically 
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Table 6.1 

The effect of plant age on stem elongation at final harvest for 

cv. Melrose in a 17 hour photoperiod: I percentage of plants having 

elongated stems, II number of long days required for 20% of plants 

within each population to have elongated s tema, III average length of 

the longest vegetative and reproductive stem per plant. A vegetative 

or reproductive stem refers to whether or not a stem has a macroscopically 

visible inflorescence. 

Short Day Pretreatment (weeks) 

0 6 12 24 
Early Late 
Sown Sown 

Treatment No . 2 6 3 4 5 

% Stem ~longation 89 63 79 77 

No . days re qui red 
to reach 20% s tem 66 4?. 27 29 17 
elongation 

* 18.6~ Av . length of Vegeta~ive 18.85 ?8. 46 5. 5 
longest stem :_ SEYi ,1 . !38 !~ . 10 4. 55 

per 
plant Reproductive 5 3. 31 ~) 3. 50 58 . 91 66 ,,31 

+ SEM 6.T( 3. 59 6.61 4.73 

* one plant only 
Table 6.2 

The effect of pl an t age on stem elongation at final harvest for 

cv . Melros G in con tinuous light, N.B. I, II and III are fully defined 

in '!ab 1 e 6 • 1 • 

Trea t ment Noo 

Short Day Pretreatment (weeks) 

0 

2 

6 

3 

12 

4 

I% Stem Elongation 92 81 

II No. days required to 
reach 20% stem 
elongation 

III Av. leng th of 
longest stem per 

plant 

Vegetative 
:!° S]iJ.{ 

Re productive 
+ SEM 

66 

19 . 87 
5. 21 

41 . 50 
4. 91 

37 

16.75 
3. 91 

56 082 
4. 59 

41 



visible inflorescences) compared to stems with inflorescence initiation 

are significant. 

6.3.2 Flowerirl6 

Comparison within the individual population of Treatments 2, 6, 3 

and 5 (i.e. 0 (early and late sown), 6- and 24-week SD pretreated 

45. 

populations respectively) of the percentage of plants that had inflorescence 

initiation and the percentage that blossomed, shows that only small differences 

occurred; thus few plants had 100 percent of their inflorescences aborting. 

However, there were differences between treatments. At the final harvest, 

Treatments 2 and 6 (i.e. no short day pretreatment) had a lower number of 

plants that had initiated inflorescences t han did Treatments 3 and 5 (i.e. 

populations receiving short-day pretreatment). The same trend occurred 

for the percentage that had blossoming inflorescences (Table 6.3). 
As the s hort day pretreatment increased, the number of long days 

r equired for the plants to reach the stage of blossoming decreased (Table 

6.3). In Treatment 5 an average of 49.5 days was required for blossoming 

to occur in 17 hour long days whereas in Treatments 2 and 6 approximately 

110 - 115 long days were requi:red for blossoming to occur. 

6.3.3 Growth Forms Associated with Long Days 

For each treatment all plants were divided into one of three growth 

foI'Ill8. At the final harvest some plants remained in the rosette form, 

other had elongated stems but did not flower, while others both elongated 

and flowered (i.e. initiated or blossomed) (Table 6.4). 
When comparing the early sown and later sown populations which 

received no short day pretreatment, the later sown population had fewer 

plants in the rosette phase at final harvest. 

Discussion 

In this experiment there was an increase in the average daily 

temperature, an increase in light intensity throughout the day and an 

increase in the daily duration of natural light as summer approached. 

The later sown Treatment 6 population required fewer long days , for 20 

percent of plants within the population to have elongated stems , than 

the early sown Treatment 2 population (Table 6.1). However, when 



Table 6.3 

'l'he effect of plant age on reproductive development at final 

harvest in cv. Melrose. Parameters measured included: I the percentage 

of plants with inflorescence initiation, II the percentage of plants 

having blossoming inflorescences, III the nwnber of long days required 

for the first and last plant t o blossom, plus the average number of long 

days for all plants to blossom . 

Short Day Pretreatment (weeks) 

0 6 24 

17 hr. CL 17 hr. CL 17 hr . 

Early Late 
Sown SOV.'11 

Tre atmen t nunber 2 6 2 3 5 

I % of Plants with 
inflorescence 21 25 20 39 38 30 
initiation 

II % of Plants 18 17 blossoming 
20 36 34 20 

III No. LD's 1st 
90 141 71 42 31 42 

required plant 
to blossom 

last 
129 147 1 31 96 100 64 

plant 

Average 112 . 6 144.3 ·,14.6 69 . 2 71 . 9 49 . 5 



Table 6.4 

The effect of plant age and long day treatment on plant growth 

forms at final harvest for cv. Melrose. Three forms were noted; those 

plants that remained a.s rosettes, those plants having elongated stems but 

no flowering
1

and those that elongated and flowered. This latter group 

includes those plants that had all their visible inflorescences aborted. 

Growth Forms (%) 

Rosette Stem elongation I Flowering 
no flowering 

17 hr. Late sown 25 50 25 
0 week Early sown 48 31 21 

CL 32 48 20 

6 week 17 hr. 51 9 39 
CL 36 26 38 

---- ----- --

17 hr. 14 73 13 
12 week 

CL 47 35 18 

24 week 17 hr. 23 47 30 

Control short day 100 0 0 



averaging the number of long days required for all plants that 

blossomed to blossom it is observed that the O week short day late 

sown population (Treatment 6) required more long days to blossom than 

the early sown population (Treatment 2) (Table 6.3)~ This difference 

was caused by the late sown population receiving a mild mite attack 

that had the effect of slowing down the later stages of reproductive 

development. 

The reason for presenting data on the various growth forms in each 

treatment is to provide some indication of how the non-flowering plants 

responded to long day treatment. When examining these data one must 

be careful not to 'over-analyze' aa the variation displayed could be due 

to (a) the genetic variation within the cultivar and, (b) the fact that 

in some ireatments a number of plants died; as the latter nearly always 

were in the rosette phase of growth the percentages of the other growth 

f orms tended t o increase in such populations in comparison to those in 

which no deaths occurred. What can be noted, however, is that there 

are large variations between figures within treatment populations for 

vegetative parameters whereas the fl owering figures for each treatment 

population are relatively uniform (Table 6.4). 

6. 4. 1 Flowering 

(a) Number of days required to blossom. 

46. 

If Melrose sainfoin does have a juvenile phase then one would expect 

that as the short day pretreatment period increased the time to blossoming, 

after transfer into long days, would decrease, until finally a standard 

time from initiation to blossoming was obtained. The results of this 

present study with Melrose sainfoin show that as the age of the plants 

increased the time required in long days for blossoming to occur decreased, 

with the greatest reduction occurrill£ after plants have initially received 

six weeks of short day pretreatment (Figure 6.3). As the curve for 

blossoming in Figure 6.3 has levelled off by 24 weeks of short day 

pretreatment one can conclude that by this time the plants had attained 

'ripeness-to-flower' before they received long days. If the plants in 

this latter population had no juvenility r equirement then one can conclude · 

that it takes approximately 50 days (Table 6.3) from the time of the first 

long day to blossoming. If this is so then one can also conclude that 

after six weeks of short day pretreatment the plants still had a juvenile 
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period of approximately 20 days, while the plants that were transferred 

immediately into long days had a juvenile period of approximately 63 
days. 

Table 6.3 also shows that there were large variations in the 

blossoming dates within all treatment populations. For example, in 

the early sown 0 week short day pretreated population 90 long days were 

required for the first plant to blossom whereas 129 long days were 

required for the last plant to blossom. This could involve variability 

in the length of the juvenile phase between plants, different rates of 

inflorescence development, and varying responses to the environmental 

conditions experienced. 

(b) Percentage of plants with inflorescence initiation. 

An interesting feature these r esults show is that of percentage 

flowering between treatments (Table 6.3). In all the 0 week short day 

pretreatment populations total inflorescence initiation ranged from 

20-25 percent. In populations that had either 6 or 24 weeks of short 

day pretreatment the average percen t age inflorescence initiation was 

significantly higher. Thi.s suggests that a certain proportion of the ,, . 
plants within the Melrose cultivar may be short-long day plants. This 

observation is discussed in more detail in Appendix II. 

6.4.2 Stem Elongation 

47. 

Throughout this whole thesis study it has become obvious that there 

is a very close relationship between stem elongation and flowering. 

Even though previous authors have discussed juvenility in relation to 

inflorescence initiation I feel that the data produced in this study 

support the hypothesis that the juvenility phenomenon affects the whole 

reproductive process of sainfoin, including the first visible reproductive 

stage of leaf erectness and bud swelling. However, the time interval 

from the start of leaf erectness to blossoming for each treatment population 

was not obtained. There is however, a close relationship between stem 

elongation data and the time of blossoming data lFigure 6.3, compare 

Table 6.3 with Table 6 . 1 and 6.2). Because of this relationship with 

flowering I feel that the stem elongation data can be used to discuss 

aspects on juvenility in Melrose sainfoin. 

The effect of plant age on stem elongation in the 17 hour photoperiod 
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is shown more clearly in Figure 6.3. After six weeks growth in short 

days there was a large decrease in the time required before stem elongation 

is shown in Figure 6. 3. 'I'o reach the stage where 20 percent of the 

plants had elongated stems the earlier sown group required 24 days more 

than the late sown population. This demonstrates that the juvenile 

period is not a fixed character and can be influenced by the external 

environment.Studies with S.ilene armeria L have shown an effect of light 

intensity on juvenili ty. Plants grown under high light intensity (4773 
2 

compared to 942 1uw/cm) required fewer days to budding (Higazy, 1962). 

Wellens iek (1969) has observed similar responses using the same species. 

ThL'3 reported light intenai ty effect may not necessarily be due only to 

an increased photosynthetic assimilation rate. It might also be due 

to an increased metabolic rate (production of growth factors!) caused 

by an increase in temperature. These two envirnomental effects could 

possibly interact. Higazy (1962) provided no temperature data but .it 

is possible, from examining his methods, that his low intensity treatments 

may have also been under a lower day-time temperature. 

provided no description of his experimental methods. 

Wellensiek (1969) 



CHAPJ'ER 7 

THE EFFECT OF POT SIZE ON FLOWERING 

7 • 1 Introduction 

'While initial experiments were being conducted on the growth and 

development of sainfoin it was noticed that fewer Melrose plants 
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elongated when grown in small sized pots. In addition four t hree-month 

old Giant plants, in 10 centimetre pots, which had been held in short 

photoperiods , fail ed to elongate and flower when transferred to an 

artific ial ly extended 17 hour photoperiod. In previous experiments 

nearly al l Giant plants, when grown in larger pots, pl aced in long days 

elongated and flowered. 

Upon exar.u.ning the root syste:n of each Giant plant from the small 

pots it was noted that ther e were only a few 'v,h1 te I roots and many black/ 

dark-brown roots, some of which might have been decaying. However, the 

root sys tem could not be classified as being pot-bound in the sense that 

there was not extra soil space at the bottom of the pot for new root 

growth . 

Few accounts of the effect of pet s i ze on flowering have been fAltlished. 

Allard (1916) noted that tobacco plants grown in 10 centimetre clay pots had 

a smaller inflorescence than plants grown in 20 centimetre pots. 

the average number of nodes produced above the cotyledons to the 

However, 

inflorescence remained the same . Plants grown in the smaller pots did 

t ake longer to reach inflorescence maturity. Other plants grown in five 

centimetre pots remained as rosettes for periods as long as the normal 

life of the plant. 

Because of the unusual results with Giant a more detailed observational 

study on t he effects of pot size on flowering in Melrose was undertaken. 

7.2 Materials and Methods 

Melrose plants used in this experiment were sown on September 2 1975 

into 10 centimetre plaa t ic pots containing 400 cm3 Osmocote soil/nutrient 

mix. At the start of October 1975 45 plants were placed into artificial 

short days for around four and a half months as described in Chapter 2. 

On January 14 1976 plants were repotted into plastic pots of volume 

1400 cm3 and 4800 cm3 using a 75,25 perlites sand potting mix. Plants 

of one group were left in their original pots. 



ThUB there were three treatments of pot volume 400, 1400 and 4800 cm3, 

each of 15 plants. 

After re;')Qtting, plants were transferred to natural long days in 
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the c lasshouse (approx. 14~ hours ). To make environmental conditions as 

uniform as possible :periodically pots were reposi.tioned around the hench. 

Monday to Friday each pot received a daily application of Hoa.gland's 

nutrient (2 X rormal strengtr.) of 20 ml. On Saturday and Sunday water 

only was applied . Pot sizes 1400 and 4B00 crn3 had their r.utrlent solutions 

diluted with water to overcome a!'ly poo::- nutrient dispersal effect due to 

the larger pot size (i.e. all regions of the pot would receive n11trient). 

Water was added in pro ortion to pot volume. 

the sane amount of nutrient. 

Hence each pot received 

When tr.<2 soil surface of the pots began to become dry, pots were hand 

watered using a plastic watering can (tap water). 

From the start of the long day treatment the number of basal buds and 

elongated shoots per plant were counted and leaf lengths (the longest two 

per plant at each sampling time being measured) measured at 15 day intervals. 

January 20 1976 and February 20 1976 all plants were tagged and the 

rates of leaf emergence recorded over the following 20 day per iodse On 

each plant the youngest leaf on t he primary shoot and one bMal bud were 

tagged. 

On March 15 1976 lights were erected (6 X 40 watt incandescent 

tungsten filament lamps providing an intensity a t pla.~t height of 100 

microeins teins/m2/sec.) artificially increasing the photoperiod to 17 

hours. 

When the experiment was ended on April 12 1976 stem lengths, flower ing 

data and root data were obtained. Root data included colour, length, 

number of main laterals and dry weight. Dry weights were carried out 

using brown paper bags, drying overnight at 100°0 as described in Chapter 2. 

Root length was obtained by measuring the longest root regardless of whether 

it were a lateral branch or the main primary root. This involved spreading 

the root system out on a table and measuring the length from longest root 

tip to the base of the stem. 

7.3 Results 

7.3. 1 Number of Basal Buds 

The increase in the numbers of ba.sal buds over the first 30 days 
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in all three treatments were similar. However after 30 days the plants 

in larger pots formed fewer new basal buds (Figure 7.1). This period 

of decreased bud production coincided with thP. period when inflorescence 

ini t i ation was occurring. 

It a ppears that the period when fewer basal buds were produced was 

shorter in the 1400 cm3 treatment than in the 4800 cm3 treatment. 

After 60 days the rate of basal bud formation in the 1400 cm3 treatment 

increased again to become sir:.ilar to its initial rate over the first 30 

days (Figure 7.1 ). 

7.3.2 Leaf Lengths 

Leaf length was used to give an indication of the effect of treatments 

on pl a.T'.t viGour. The 400 cru3 treatment had the lowest increase in 

maximum leaf length whereas the 1400 cm3 and 4800 cm3 treatments had 

great er increases in maximum leaf lengths (Figure 7.2). ( N.B. This 

refers to the longest two l eaves measured per plant at each s~~pling date). 

After 45 to 60 days the leaf ~-;-rowth began to level off. Figure 7.2 shows 

how the length of the long·est leaves in all trP.atments increase wi th ti~e 

yet the response is much greater for plants in larger pots . 

7.3.3 Stem Elongation and Flowering 

After 30 long days stem elon~ation had began in 

However, the 1400 cm3 and 4800 cm3 treatments showed 

response than the 400 cm3 potted plants (Figure 7.3). 

all treatments . 

a much greater 

When the natural 

photoperiod was artifcially extended t o 17 hours another s tem elongation 

res ponse was obtained in all treatments, especially so for the plants in 

larger pots. 

The most notable feature in Table 7.1 is that in all parameters 

measured there is an increase in value with increasing pot size. In the 

l arges t pots 8()'% of the plants elongated whereas in the 400 cm3 pots only 

33% of the plants had elongated stems. In addition to this the length of 

fl owering (includes stems with aborted inflorescences) and non-flowering 

stems was greatest in the large 4800 cm3 pots. Those in the smaller 

400 cm3 pots had shorter stems (Table 7.1). 
Exactly the same trend showed between treatments for percentage of 

plants with macroscopically visible inflorescence initiation, number of 

stems per treatment with inflorescence initiation (Table 7.1) and the 

number of elongated stems per treatment (Figure 7.3 and Table 7.1). 
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Figure 7.1 

Average number of basal buds per plant for pot size 

treatments •-• 400, o-o 1400 and •---• 4800 cm.3 in 

long days. !Jertical lines indicate sm values. 
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Figure 7.3 

The total number of elongated stems per treatment for pot 

sizes •-• 400, o-o 1400 and •---• 4800 cm3 in long 

days. A stem was defined as elongated when one visible internode 

was greater than three mm. in length. N:B. At the 60 day stage 

lamps were erected to provide an artificially extended 17 hour 

photo period. 
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It is shovm that few of the e longated stems had inflorescence initiation. 

Table 7 .1 

Effect of three pot s i zes on stem elongation and flowering in Melrose 

* after 90 days. SEM values provi ded. N.B. i.e. macroscopically visible 

% of plants with 
elongated stems 

Av. length of elongated 
non-flowering stems 

Av. length of e longated 
flowering stems 

% of plants with * 
inflorescence initiation 

Total no. of stems per 
treatment with 
inflorescence initiation 

No. of elongated stem.s 
per treatment 

3.45 

18.50 

400 

33 

+ 0.40 -

+ 4.33 -

1 

3 

11 

inflorescences. 

Pot Size (cm3) 

1400 4800 

73 80 

4.82 + 0.94 7 .27 + - - 1. 19 

+ 5.94 + 6.55 ?5 .14 - 39. 14 -

20 33 

5 14 

44 39 

Few of the elongated stems had inflorescence initiation. For 

example, in the 4800 cm3 treatment 36% of the elongated stems had 

inflorescence initiation , whereas in the 1400 cm3 treatment only 11% of 

the elongated stems had inflorescence initiation. For plants in small 

pots 23% of the elongated stems had inflorescence initiation. However, 

this latter figure is misleading as there were only a few plants that 

showed elongation with one plant producing three stems with inflorescence 

initiation. 

7.3.4 Rate of Leaf Energence 

Two counts were obtained which corresponded to the early shoot 



elongation phase and the later inflorescence initiation phase in the 

plants ' development. 

53. 

The results show that for the early count there were no significant 

differences between treatraents or between prima,r,J shoots and basal buds 

('l'able 7 .2). 

On the count bef,'inning Pebru~--y 20 1976 leaf P.mercence rates were 

lower than tl:e first count bee;inning Jc,nuary 20 1'.)76 . 

Table 7.2 

Rates of leaf emergence from two growth s tages in the plants development 

as affected by pot size. Results are expressed as the number of leaves 

emerged over ?O days. S.Eld values provided. 

400 

Early Shoot Elongation PS 3. 20 + -
Phase BB 3.00 + -

(Jan . 20 to Feb. 9 ) 

Inflorescence Initiation PS 2.54 + -
Phase BB 2. 54 + -

(Feb. 20 to March 11) 

PS= Primary shoot bud or primary stem. 
BB " Basal bud or secondary stem. 

7.3.5 Root Growth and Development 

0. 24 
0.21 

0.21 
0.18 

Pot Size (cm3) 

1400 4800 

3.60 + 0.19 3.69 + 0.21 - -
3.42 + 0 . 23 + 0 . 26 - 4.00 -

2.00 + 0.19 2.60 + 0.19 - -
2.00 + 0.26 2.71 + 0.24 - -

Again data follow a similar pattern to that of above ground growth 

with the largest pot size plants having the highest values (Table 7.3). 
The length of the root system increased with pot sLze, although there was 

considerable variation between plants (note SEX values; Table 7.3). The 

number of large secondary roots also increased with pot size. There was 

a large difference (Pless than 0.01) between the 400 cm3 and 1400 cm3 

treatments. In the 4800 cm3 treatment there was another slight increase 

over the 1400 cm3 treatment. 

Root colour was observed. In the 4800 cm3 pots nearly all plants 

had healthy white/light-yellow roots. A similar situation occurred 
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in the 1400 cm3 pots. However, in the 400 cm3 potted plants the 

number of obviously healthy (i.e . white/yellow) roots was very much 

reduced; these being almost totally absent in some plants. Most roots 

were black with the appearance of dying or being dead in this group. 

Table 7.3 

Effect of pot size on the length of the root system, the number of 

main secondary lateral branches and root dry weight in ti~elrose. The main 

secondary lateral branches were clearly distinguishable as large laterals 

ori ginating from t he primary root. SEM values provided. 

Pot Size ( crn3) 

400 1400 4800 

Av. root length/plant ( cm) 31.18 + 4.52 39.27 + 2.74 70.53 + e.79 - - -
No . of main secondary 5.57 + 0.60 10.13 + o.68 13 . 14 + 0 . 93 - - -

branches/plant 

Dry Weight (e,"IllS ) 1.97 + 0.36 3. 19 + 0.41 5.43 + 0.59 - - -

7.4 Discussion 

The results of this experiment show that th~ reproductive process in 

sainfoin can be affected by pot volume . Plants grown in small pots have 

t heir flowering process inhibited whereas those grown i n larger pots appear 

to undergo normal development when placed in warm long days. 

Shoot elongation and flowering data (Table 7. 1) show a definite 

effect of pot size on growt h. If the 4800 cm3 treatment had the maximum 

percentage of plants with inflorescence initiation a ttai nable under these 

glasshouse conditions, i.e. 33% (refer to Chapter 6 and 11) then it can be 

seen that the small 400 cm3 potted plants had their reproductive process 

inhibited to such an extent that only 7% of the plants in that population 

had inflorescence initiation. All associated data in Table 7.1 show 

this same trend . It is diffLcult to determine if growth of the 1400 cm3 

potted plants was inhibited. Some parameters (number of stems with 

inflorescence initiation, shoot lengths) would suggest this, while other 

parameters (percentage shoot elongation, percentage inflorescence 
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initiation) would suggest littl e effect in comparison to the 4800 cm3 

potted plants. 

FlowerL-i.g shoots have stem lengths that are variable (Tatle 7 .1) . 

The reason for this is that in all treatments s0me stems had~ few 

aborted inflorescences only with no fully developed inflorescence3 , 

and these stems had not elongated to any great length. 

The root parameters measured (Table 7.3) also demonstrate differences 

between pot sizes. The length of the root sys tem, lateral branching, and 

dry weig.'1.t figures show the same trends as obtained for shoot elongation 

and flowering (Table 7.1). Root colour information was provided to give 

an indication of root health and vigour, white roots giving an i~dication 

of new and healthy growth. 

The reason for adding a double strength Hoaelandis nutrient solution 

was to obtain a sood growth rate in all treatments. Initial tests showed 

that the smaller 400 cm3 pots could only hold 20 cm3 of solution; any in 

addition to this often drained out of the drainage hole in the pot . To 

overcome this problem the nutrient solution strength was doubled, t hus 

effectively adding 40 cm3 of Hoaglands so lution to each pot. It snc.,uld 

be realised that this experiment was carried out in mid-summer and 

considerable hand watering was necessary for the small pots. Due to 

this leaching effect a nutrient toxicity effect would be most unlikely 

In the 1400 cm3 and 4800 cm3 pot volume treatments the basal bud 

formation pat tern was similar to the Melrose plants in Chapter 5. That 

is, when stem elongation and flowering began, basal bud formation was 

reduced. The rate of basal bud formation in the 400 cm3 pot volume 

treatment was similar throughout the long day treatment, although, on 

the last count (Figure 7.1) there was a decrease in the number of basal 

buds. 

attack. 

At this period the small potted plants received a heavy mite 

The cite attack already mentioned also had an effect on leaf length 

measurements at day 75 (Figure 7 .2.) 
The lower rate of leaf emergence (Table 7.2) occurring in the second 

count could be due to the fact that the natural photoperiod was decreasing 

when these measurements were obtained. When individual plants were 

examined those that had blossoming inflorescences had higher leaf emergence 

rates than those that stayed at the rosette stage. For example, from the 

4800 cm3 pot treatment, plants with blossoming inflorescences had a leaf 

emergence rate of 3 . 20 per 20 days whereas plants in the rosette form had 
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a r ate of only 2. 30 . However, the rate for the blossoming plants is 

s till lower than the overall average leaf emergence rate for the plants 

~hen measurements were firs t ~ade during the early stem elongation phase 

of development. 

In Chapter 8 this effect of po t size on reproductive development 

in sainfoin will be discussed in more detail. 
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CHAPI'ER. 8 

SHOOT AND ROOT GROWTH IN INDUCTIVE PHOTOPERIODS AS AFF:OCTED BY POT SIZE 

8.1 Introduction 

In Chapter 7 data were produced showing that pot size can have an 

effect on reproductive development in sainfoin. However, in that 

experiment, because a destructive ana lysis was required for root parameters 

to be measured, all measurements made before the final harvest were 

associated only with characters of the plant occurring above ground level. 

Few papers have been pu.blished on aspects related to this pot size 

effect on flowering. There have been, however, some papers published 

describing root and shoot growth when plants are progressing towards 

reproductive maturity. During the development of flowers and/or fruits 

in most plants there is an increase in shoot growth relative to that of 

the root (Troughton, 1956; Stuckey, 1941; Weaver and Himmell, 1929; 
Roberts and Struckmeyer, 1946; De Stigter, 1969). 

De Stigter (1969) showed in cucumber that three to four days after 

pollination the root growth rate began to decrease; this decline continued 

until root growth stopped completely, while harvesting the fruit resulted 

in a gradual recovery of root growth. It appears that in the cucumber 

fruit development directly affects root growth. 

Beaver and Woolhouse (1 975) followed the pattern of root and shoot 

growth of Perilla frutescens growing either in florally inductive 

photoperiods or in non-inductive photoperiods. Their results showed 

that by the 20th day of inductive treatment (i.e. around five days before 

the first flowers were pollinated) the rate of dry matter accumulation i n 

the roots was slower in induced than in non-induced plants. Also the 

rate of root elongation became slower in induced plants than in non­

induced plants, and the frequency of branching was greater in the roots 

of induced plants. 

Factors other than flowering are known to be capable of modifying 

root/shoot ratios. These include, soil type, plant variety, light 

intensity, photoperiod, partial defoliation, girdling, growth substances 

(Roberts and Struckmeyer, 1946) and soil aeration (Kramer, 1949). 
As detailed information on root and shoot growth is limited, an 

experiment was designed to study sainfoin development closely over a 

period of time after transfer into inductive photoperiode. 
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The experiment also allowed the study of the effects of pot size 

on root development and growth in Giant and Common as well as Melrose. 

Thus "flowering" and "non-flowering" cultivars were compared. 

The data produced in this experiment assist understanding of the 

results that were obtained in Chapter 7 as well as providing an 

i ndication of what actually occurs to the roots when sainfoin plants 

are induced to flower. 

8 . 2 Materials and Methods 

Plants of sainfoin (cv. Melrose, Giant, Common) were grown from 

seed sown on April 10 1976 in the glasshouse in natural short photoperiods. 

The potting medium used throughout t his experiment was fine gravel (as 

defined by Taylor and Pohlen, 19621 N.Z. Soil Survey Method) from which 

the finer particles had been removed by passing it through a three 

millimetre commercial metal crusher sieve; particles were of a uniform 

size and rounded rather than flat and knife shaped. Plants were 

initially sown into 200 cm3 plaatic pots (one plant/pot). When plants 

were well established (i.e. just pr ior to long day treatment) they were 

repotted into either 400 cm3 or 4800 cm3 plastic pots. 

Throughout the experiment all plants received a daily application 

of 20 ml. double strength Hoagland's solution. Nutrient was applied to 

different regions of the pot at each application so that all regions of 

the pot, at some stage, received nutrient. After nutrient application 

each large sized pot was hand watered to ensure uniform nutrient 

mobility and dispersion. 

Using tap water all large pots were watered twice daily, morning 

and evening, while the small pots were watered only once daily initially. 

As plants in the smaller pots became larger and the transpiration rate 

increased, watering twice daily was often required. 

On June 30 1976 (i.e. after three months short day conditions to 

allow the juvenile period to pass) all plants were transferred into an 

artificial 17 hour photoperiod. Thia consisted of natural light within 

the glasshouse supplemented morning and evening with incandescent 

tungsten filament lamps providing an intensity at plant height of 120 

microeinsteins/m2/sec. (Plate 2.3a) 

The experiment involved three cultivars (96 plants of both Giant 

and Common, and 160 plants of Melrose) in two pot sizes (volumes 400 cm
3 

and 4800 cm3). At seven day intervals after transfer to inductive 
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photoperiods six plants per cultivar were selected on a random basis 

for dry weight analysis of the roots and shoots. On the 35th and 49th 
days after transfer, however, 18 plants of Melrose were harvested, while 

on day 42 fourteen plants were harvested. 

The easiest and most gentle metiod of separating the gravel from 

the roots was to fill a 44 gallon drum with water and immerse the whole 

plant, then invert the pot, at the same time drawing the pot away from 

the root system of the plant. Due to the effect of the water the 

gently fallin{?; stones did not damage the delicate young roots. 

perfect root/soil separation was obtained with virtually no root loss or 

damage at all. 

Procedure for dry weight analysis involved placing individual roots 

and shoots in individual pyrex beakers, leaving them at the ambient 

laboratory temperature (approx. 20°c) for two hours, then transferring 

them to an air-circulated drying oven (Watvic Model) at 100°c (! 3°c) 

overnight. 

In each cultivar for the first five harves t s, two plant root systems 

from each treatment were preserved (?Cf% Alcohol). At the end of the 

experiment these roots were photographed. In addition, a count, designed 

to give- an indication of the number of root apices per plant was made for 

comperative purposes. This involved floating out the root system on a 

water filled tray and making a count of the number of apices four 

centimetres back from the tips of the main root ends. This also included 

secondary and tertiary etc. roots that were attached within the apical 

four centimetres of the main roots. When this had been completed the 

root system was placed into the beaker and a dry weight analysis made. 

In addition to the treatments in which plants were grown in gravel 

six plants of each of Melrose and Common were grown in a 50s50 peat/ 

perlite potting medium in both large and small pots similar to that used 

in the previous experiment. Nutrient was added in the same manner and 

srune quantities as in the gravel treatments. At the end of the experiment 

data were obtained and compared to those from the gravel treatments. This 

peat/perlite group received the same photoperiod treatment as the gravel 

groups. 
SEM values relating to Figures 8.1 and 8.2 are provided in Appendix III. 



8.3 Results 

8.3.1 Shoot Growth 

Table 8.1 gives an indication of the developmental stage that the 

cultivars Melrose and Giant had reached when plants were harvested for 

dry weight determinations. These two cultivars seemed to begin 

reproductive development at the same time, although Giant reached the 

blossoming stage slightly earlier than Melrose. Common never passed 

the stage of leaf erectness. 

Table 8.1 

Ti me course of reproductive development in sainfoin exposed to 

long days. 

Days of Inductive 
Treatment 

0 

7 
14 

21 

28 

35 

42 

49 

Stages of Development 

I Prostrate habit 

II Leaves becoming erect 

III Bud swelling by no completed 

IV Stems on some plants are 
beginning to elongate 

V Root decay first observed 

VI 

VII 

VIlI 

Small inflorescences becoming 
visible 

Inflorescences becoming larger 

Blossoming just beginning. 
More advanced in Giant. 
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At stage I:V stem elongation was just beginning in Giant and Melrose 

(Table 8.2); none of the differences between large and small pots were 

significant. In all populations those plants that did elongate did so 

at approximately the same time. In the populations sampled at the end of the 

experiment 7<:1% of Melrose plants in both pot sizes had elongated stems, 

while all Giant plants in both pot sizes had elongated stems. 

The average length of elongated stems in each population was measured 

on day 49 (i.e. stage VIII). Again no statistically significant 

differences between pot sizes or between cultivars were noted. What was 

noted, however, was that the small potted Giant plants had elongated stems 



Table 8.2 

The effect of pot size on: the percentage of plants with stem 

elongation, stem length, number of basal buds, flowering, and inflorescence 

abortion for Melrose, Giant and Common after exposure to seven weeks 

inductive long day treatment. Percentages of plants with elongated stems 

21 days after start of inductive long day treatment are indicated to 

brackets. 

% of plants with stem 
elongation 

Av . length of elongated 
stems (cm) 

! SEM 

Av. no. basal buds and 
secondary stems/plant 

:!" S:b1¥1 

% of plants with 
macroscopically visible 

inflorescences 

% of inflorescences 
aborted 

* 

Melrose 

Small Large 

78 

(59) 

23.3 

72 

(45) 

24. 1 

+ 
- 4 .1 + - 4.9 

2.00 3.11 

+ + 0.78 - 0.42 -

17 11 

20 62 

* * ( .l) 
5 

(2) 
8 

+ -

Common Giant 

Small Large Small Large 

0 

(0) 

0 

4.00 

0.56 

0 

0 

+ -

0 

(0) 

0 

3.0 

0.45 

0 

0 

100 

(47) 

27.2 

! 6.1 

4.00 

+ 0.56 -

83 

77 

* (12) 
13 

100 

(61) 

35.0 

+ 
- 7.3 

4.33 

+ 1. 26 -

67 

45 

* .2 
<20) 

Bracketed figures refer to the number of aborted inflorescences out 

of the total number of visible inflorescences. 
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that were much stronger compared to the large potted plants possibly 

due to early stem lignification. This strengthening is characteristic 

of a stem on a normal plant that has finished blossoming. The large 

potted Giant plants had soft stems. Because of this observation some 

significance should be attached to the stem lengths of large verus small 

potted Giant plants (Table 8.2). This early stem hardening was not 

observed on any Melrose plants. 

On day 49 the average number of basal buds per plant waa counted. 

The data indicate that pot size had no significant effect on basal bud 

development (Table 8.2). 

The percentage of plants with healthy vi.s.i.ble inflorescences was also 

calculated from the population analyzed on day 49 (Table 8.2). There 

were no significant differences in flowering behaviour between plants of 

Melrose and Giant grown in pots of different sizes although Giant had a 

significantly higher percentage of plants flowering than Melrose. In 

this last analysis (i.e. at Stage VIII) the percentage of inflorescences 

aborted was also calculated. There were fewer inflorescences 

macroscopically visible on Melrose because of slow inflorescence 

development: thus not too much notice should be placed on the abortion 

results presented for Melrose as these percentages were calculated from 

only a few inflorescences (Table 8.2). In Giant, inflorescence de,relopment 

was slightly more advanced. In this latter cultivar the percentage of 

inflorescences aborted was much greater in the small potted plants 

compared to that of the larger potted plants (Table 8.2). 

In the peat/perlite control Melrose plants (Table 8.3) a pot size 

effect similar to that found in the previous experiment (Chapter 7) did 

show up for the percentage of plants flowering, percentage of inflorescences 

aborted and stem lengths on elongated plants. When the results in Table 

8. 2 are compared to Table 8. 3 it is observed that the peat/perli te control 

plants had significantly higher figures for corresponding parruneters 

measured (i.e. percentage flowering, average stem length). This was 

clearly noticeable visually also. 

In Figure 8.1 shoot dry weights are presented for Melrose, Giant and 

Common. Except the large potted Common plants, all cultivars in all pot 

sizes showed a large increase in shoot dry weight after seven long days. 

For both large and small potted Melrose plants there was only a small 

increase in shoot dry weight from day 7 to day 42; after day 42 the 

shoot dry weights began to increase again at a greater rate with the 

large potted plants having a greater shoot dry weight increase than the 
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Shoot dry weights for Melrose, Common and Giant when transferred to long 

days. Solid lines refer to large potted plants, broken lines refer to 

small potted plants. Stages of reproductive development are noted 

(Table 8.1). 



The effect of pot size on the percentage of plants flowering, the 

percentage of inflorescences aborted, the average length of elongated 

stems and basal bud development for Melrose and Common [,TOWll in a peat/ 

perlite potting medium ( i .e. the control gr oup). 

~ of plants flowering 

% of ini'lorescences 
aborted 

.A.v. stem length 

:!: SEM 

Av. no basal buds/plant 

! SEM 

* 

Melros~ 

Small 

0 

38.7 
:! 7.90 

+ 
- 0.85 

Large 

83 

28 

49.2 
.... 
.:. 4 .61 

3. 5 
+ - 0.56 

Common 

Small 

0 

Large 

* 17 

100 

2. ? 

+ o. 31 

This consisted of one plant and was the only Common plant throughout 

this thesis study that had inflorescence initiation without prior low 

temperature pretreatment. 



Table 8.4 

The percentage of plants with root decay in Melrose, Giant and Common 

on days 28, 35, 42 and 49 for large (vol. ~ 4800 cm3) and small (vol.= 

400 cm3) potted plants. 

Cultivar/Pot Size 

Melrose Common Giant 

Stages of development Small Large Small Large S'mall Large 

VIII Day 49 44 11 33 0 0 0 

. VII Day 42 62 15 0 0 0 0 

VI Day 35 39 5 0 0 0 0 

V Day 28 67 0 17 0 0 0 

Overall Average 53 8 12 0 0 0 

(%) 
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Root dry weights for Melrose, Common and Giant when transferred to long 

days. Solid lines refer to large potted plants, broken lines refer to 

small potted plants. 

(Table 8 . 1). 

Stages of reproductive development are noted 
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small potted plants. For small potted Giant plants there was a period 

of little change in shoot dry weight from day 7 to day 28; after this 

a larger increase occurred. For the large potted Giant plants there 

was a steady increase in shoot dry weight from day Oto day 35; after 

day 35 a very large increase in shoot dry weight occurred. There was 

a steady rate of increase in shoot dry weight for both large and small 

potted Common plants from day 7 to day 49. 
Initially for Giant, and throughout for Common, the small potted 

plants had a higher shoot weight than the larger po tted plants whereas 

at the final dry weight measurement both Giant and Melrose had a higher 

shoot weight in large potted plants, especially so in Giant. Giant 

also had a much greater shoot dry weight at the end of the experiment 

than either Melrose and Common. In fact the small potted Giant plants 

had greater shoot dry weights than the large potted Melros e plants 

(Figure 8.1). 

8.3.2 Root Growth 

Root dry we ights were determined at each harvest date (Fieure 8.2) . 

For all cultivars and pot sizes the main trend to show for root dry 

weight is an initial small increase between day Oto day 7, a period of 

little root dry weight increase between day 7 to approximately day 35 
then a large increase from day 35 to 49. However, for Melrose the main 

final period of root growth did not occur until stage VIII whereas in 

Giant an increase began at stage VI (i.e. day 35). Note that for 

Common and Giant- no stage VII dry weight analysis was made. Because 

of this it is unfortunately not possible t o determine when the increase 

for Common actually occurred i.e. whether Common WM similar to Giant 

or similar to Melrose. 

At the end of the experiment both large and small potted plants of 

Giant had a greater root dry weight than those of Melrose or Common. 

There were no significant differences in final weights for small versus 

large potted plants of Common and Giant. Large potted Melrose plants 

had a higher average root dry weight than the corresponding small 

potted plants. 

Root decay was first noted at the stage IV analysis (Table 8.4). 

This involved the roots becoming a brown/black colour which could 

progress until finally no white roots were present. Melrose plants 

most frequently showed root decay, especially so the small potted plants 



(Table 8.4). In Giant, root decay was never noted. 

Plants having root decay could not be visually disting11ished, prior 

to removal from the pot, from those plantA with healthy root systems . 

In fact at stage VIII 47% of the Melrose plants that had root decay had 

elongated stems with an average length of 22.80 ! 5.36 cm., while those 

on plants with non-decayed roots had an average length of 23.50 ! 6.00 cm. 

At the last count no Melrose plants showing root decay but having elongated 

sterns had visible developing inflorescences. 

Pot size did affect the morphology of the root system of all cultivars 

(Plate 8.1). Plants in large pots had a root system that could be divided 

into two morphologically discrete parta, one at the bottom of the pot, 

and another towards the soil surface. Connecting these two areas of root 

development were larger primary and/or secondary roots. In the small 

pots the root system branched out so as to fill the whole pot. 

The number of root apices per plant is shown in Figure s.3 up until 

Stage V. For Common and Giant there was no significant change in the 

number of root apices per plant after transfer into inductive photo~eriods. 

However, for Melrose there was a significant increase in the number of 

root a pices beginning at stage IV for large potted plants, and stage V 

for small potted plants. 

s.3.3 Root, Shoot Ratio 

The root:shoot dry weight ratios for each cultivar are shown in 

Figure 8.4. For all cultivars the main trend noted was a gradual decrease 

in the root:shoot ratio with time. In addition the plants, for each 

cultivar, grown in large pots had a correspondingly higher rootashoot 

ratio values than the plants grown in the smaller pots. 

For Melrose the rootashoot ratio decreased soon after plants were 

placed into inductive long days. With time. the rate of decrease became 

less until finally levelling off at day 35. In the small-potted plants 

the decrease was not so great as in the large-potted plants mainly 

because of day O the small potted plants had a lower rootashoot ratio. 

For the small potted Giant plants the root:shoot ratio curve began 

to increase again by day 49. This was due to a greater increase in the 

dry weight of the roots rather than a decrease in the shoots. 

Common, that is the "non-flowering" cultivar, initially had a 

decrease in the root:shoot ratio (Figure 8 .4); between day 21 to 35 
there was a levelling off; and finally by day 49 the curve increased. 

This same graph shape occurred for both small and large potted plants. 
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Plate 8.1 

Root morphology of sainfoin plants when grown in 4800 cm3 pots 

(upper photograph) and 400 cm3 pots (lower photograph). 

Ruler divisions equal 1 cm. 



Discussion 

To explain the results in Chapter 7 various hypotheses have been 

put forward that might explain why this obs erved pot size effect occurred. 

These include: 

(a) The root system might have to reach a critical volume or size before 

reproductive development can proceed. Tlus when a plant is grown in a 

small pot it might be unable to reach a critical root volume or size. 

The idea behind this hypothesis is tha t the root system might have to 

produce a certain amount of growth subs t ances fo~ full reproductive 

development to occur. 

(b) For the plant to progress with r eproductive development a critical 

root:shoot ratio might be required. Poss ibly growth in small pots could 

upset this ratio balance thus in effect inhibiting development. 

(c) When a plant is transferred to long days root growth might need to 

occur at a certain rate so as to effec t reproductive deve lopment. 

Possibly small pots do not allow t he plant to have a normal root growth 

rate. 

(d) It is possible that a change in the pattern of root growth might be 

responsible for reproductive development to occur with small pots inhibiting 

this pattern change. This could involve the roo t system initiating more 

lateral roots as against developing already pr es ent roots. 'fhis would 

then increase the amount/volume of root meristematic tisauea That is, 

the tissue thought to be responsible for hormone synthesis (Wilkins, 1969). 

(e) Another factor to consider is the possibility of a self-poisoning 

effect caused by the secretion of allelopathic substances from the roots. 

Due to a small pot excreted substances from sainfoin roots that inhibit 

growth in other plants under natural conditions might become self-inhibitory 

if the inhibitor concentration reaches a certain level. This could occur 

because many roots are growing too close together. This might involve 

(i) the blocking of movement of '.'growth factors" that move from the stem 

to the root (i.e. possibly blocking the removal to the roots and/or 

breakdown within the roots of a stem produced inhibitor, or blocking the 

movement to the roots of a root growth promoter), (ii) it may inhibit the 

synthesis (directly or indirectly) of growth substances in the root, or 

(iii) it might inhibit the transport of growth factors from the root 

system to the shoot. 

(f) Adequate oxygen is essential for root growth, and within the 

temperature limits for root growth, the greater the potting medium 

temperature the greater must be the concentration of soil oxygen for 



for normal growth. Thus insufficient oxygen within the potting 

medium as the roots increase in size might inhibit the production of 

growth factors within the root. 

(g) Finally it could be possible that the roots have no role to play 

in the reproductive process. 

In this experiment there was not such a pronounced pot size effect 

as that noted in Chapter 7. However, a definite effect was observed in 

the small potted Giant plants (percentage abortion, stem height, stem 

hardening) and the small potted Melrose peat/perlite control plants 

(percentage flowering, stem length). This latter group plus the large 

potted Melrose control plants were unusual in that the size of the plants 

was much greater than that of their counterparts grown in gravel. This 

appears to be a potting medium effect and the reason for this night be 

the better retention and availability of nutrient in the peat/perlite 

medium than in the gravel. 

De Stigter (1969) noted tha t r eproductive development in the cucumber 

caused a decline in root growth until i t finally stopped completely. 

Beever and Woolhouse (1975), however, noted in Perilla that there was still 

an increase in root dry wei ght with time even after flower buds had 

appeared. I•'or Giant and Melrose s ainfoin there was a lso an increase in 

root dry weight with time even after flower buds had appeared. For Giant 

and Melrose sainfoin there was also an increase in root dry weight as 

inflorescence development progresses. It is observed in Figure 8.2 that 

the increase in root dry weight for Giant is similar for both large and 

small potted plants. Thus it would appear unlikely that sainfoin requires 

a root growth rate above a critical level to effect inflorescence initiation 

as the Giant plants in large pots showed no effect of pot size whereas the 

plants in small pots did. 

From these experimental results one can not rule out the possibility 

that a lack of oxygen around the roots caused this pot size effect. 

However, it does not seem unlikely as a pot size effect was observed in 

the small potted Giant plants when grown in a fine gravel medium. In 
addition the root system of plants affected by pot size, even when grown 

in a peat/perlite medium, produced no unusual odours usually associated 

with potting stagnation when the root system/potting medium were removed 

from the pot. 

In Figure 8.1 and 8.2 the small potted Common and Giant plants had 

curves that are higher than those for the larger potted plants respectively. 

Because the total number of plants involved in this experiment occupied 



more than one full glasshouse bench a smaller adjoining drop-side bench 

v. 8.8 raised. 

bench area. 

An extra set of lights was positioned over the drop-side 

All small potted plants were positioned on this region of 
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the bench. There wa.a a higher radiation level at plant hei~ht under the 

double spaced s et of lights in this region \PAR~ 145 rnicroeinsteins/ m2
/ 

sec.) than for the other ree;i.ons of the bench (PA .. ~ = 120 microeinsteins/ 
2 

m /sec.). A..fter six artificially extended long days this light difference 

was corrected by fittin.; lower intensity lamps at the reeion where the 

light intensity was ori 0 inally greater. 

This light intensity difference over the first six days does not, 

howevar , explain the large shoot, and to a l ess extent root, dry weight 

increases found for all cultivars after seven long days as the large 

potted pla.~ts were not positioned under this region of initial higher 

light intensity .. 

From the results of this investigation it is difficult to determine 

whether a critical root/shoo t ratio is required for reproductive 

development to occur. The root/shoot ratio f or both large and small 

potted Giant plants from day 21 to day 49 wa.s similar (Fie:,rre 8.4), 

al though, at the more er i tical time from day O to day 14 , i.e. the P" '- iod 

when inflorescence initiation would hs.ve occurred} the root/s .. 0ot ratio 

for large pot ted Giant pla.~ta this populati,)n sho,,ed no pot size 

effect) was much higher than for the plants grown in small pots (i.e. did 

show a pot size effect). 

For aainfoin, Figure 8.3 shows that no change in the number of root 

apices for Common, and possibly also for Giant , occurred in response to 

long day treatment. However, in Melrose there is a sudden increase, 

for both large and small potted plants, in the number of root apices at 

the time when inflorescence initiation and development occurred. Tnis 

was unexpected a.s the other more vigorous flowering cultivar, Giant, 

showed no change in root apex number. Due to this, interpreting Figure 

s.3 becomes difficult. If a change in the pattern of root growth in 

sainfoin is responsible for the plant being able to initiate inflorescences 

then the graph for Melrose (Figure 8.3) fits perfectly with this theory. 

This could involve the added newly initiated root apicee supplying a 

greater quantity of hormone/growth factor to the shoot that might play 

some role in reproductive development. To explain the curves for Gia.nt 

(Figure 8.3) it would be necessary to hypothesize that this cultivar 

may have a different mechanism which effects inflorescence initiation; 

or that the mechanism may be similar to Melrose but the roots do not play 



such a dominating role as in the latter cultivar. If this latter 

mechanism was correct then the small increase in r oot apex number for 

large potted Giant plants at day 28 might be significant. 

The curves in Figure 8.3 could also be interpreted in another way, 

that is, a r edistribution of growth factors caused by a sink effect. 
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Long day produced growth factors might be channelled towards a dominating 

sink. In Giant, where inflorescence initiation did occur, the main sink 

would be the young developing inflorescences. However, in Melrose , 

which had a low percentage of plants with macroscopically visible 

inflorescence initiation but a relatively high percentage of plants with 

elongated stems (Table 8.2), long day produced growth factors might move 

to the root system because there was no dominating sink in the shoot. 

This might then affect the growth factor balance within the root system 

resulting in a significant increase in root branching. For Common, which 

had no elongated stems (Table 8.2) it cou ld be argued that the shoot does 

not produce any, or not enough, long day factors to bring about this 

change in root growth that was noted in Melrose. Evidence to suggest 

that a plant can redi s tribute growth factors comes from the observation 

between Giant and Common. During the first three weeks of long day 

treatment the shoot dry weight increase was similar for both Giant and 

Common (Fi~ure 8.1). In Giant at this period stems had begun to elongate 

whereas in Comm.on no stem elongation occurred. This suggests th2t in 

Giant growth factors produced are channelled into stem growth whereas in 

Common no stem elongation occurred. This suggests that in Giant gTowth 

factors produced are channelled into stem growth where3..'3 in Common the 

growth factors were channe l led into extra leaf growth. 

In this inves t igation any pot size effect observed only occurred in 

plants that were fast growing. The reason for this was most probably the 

size of t he plants when they were induced to flower. All plants kept 

in natural short days where the temperatures in the glasshouse were often 

relatively low (i.e. minimum 15°c) hence due to this plant growth was slow. 

By the time plants were placed into the 17 hour inductive photoperiod 

most small potted plants were perhaps not affected by their pot size. 

However, as the plants grew at a f aster rate in long days, especially 

Giant, then the plants in small pots might have been affected by their 

pot size. In the small potted Giant plants it would appear that this 

inhibitory effect occurred just after inflorescence initiation had 

occurred (i.e . note abortion figures in Table 8.2). In the small 

potted plants this most likely occurred just before inflorescence 

initiation was about to occur. If all plants had been grown in warmer 



and brighter short days then this pot size effect would most probably 

have occurred in all small potted plants. 

The results in Chapter 7 and 8 would suggest that the roots do 

play a major role in the reproductive process of sainfoin thus 

eliminating the hypothesis that the roots play no major role in 

reproduction. Thompsett (1976) noted that if the distal portion of the 

root system of Andropogon gayanus was removed then the number of plants 

flowering was reduced by up to 50 percent. 

To explain this pot size effect I feel that the most likely answer 

lies in the following observation. Becker- Dillingen (1929) noted in 

Germany t hat sainfoin can be successfully resown if a seedling stand 
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fails , but establishment is very difficult or impossible on f ields which 

have carried established sainfoin during the previous 10-12 years . 

Drawing on more modern knowledge this suggests that sainfoin actively 

excretes some allelopathic substance so as to help ward off any competitive 

effects from other plants . Thus when sainfoin is grown in a pot, and 

the roots fil l a large volume of that pot, a self-poisoni ng effect may 

occur. The presence in soils of a wide variety of potentially phytotoxic 

chemicals, released by plants is well documented (Whittaker and Feeny, 

1~71). Glass (1973) noted that phos phate uptake was inhibited in barl ey 

(Hordewn vulgare) by naturally occurring phenolic acids and suggested that 

this inhibition ia eaueed by (a) denaturation of specific membrance carriers; 

(b) uncoupling of mitochondrial electron transfer; (c) ulitization of 

ATP; or (d) alteration of membrance properties. Thu.'3 it is possible 

that growth aspects associated with flowering may also be inhibited. 

This could be either a hormonal or mineral factor, although plant~ 

affected by pot size did not appear unhealthy in any manner thus suggesting 

a missing hormonal factor might be responsible for this reproductive 

inhibition. 



S.EX!TION III 

EJ:t"'FroI'S OF GI UBERELLIC ACID ON GRO~~H AND DEVELOPMENT 

INTRODUCTION 

Previous studies reported by other authors have shown that 

gibberellic acid has a marked effect on plants that 'bolt' (Lang, 1965). 

In this type of plant gibberellin application, in some cases, can 

remove the low temperature pretreatment requirement and/or the 

photoperiodic requirement. As sainfoin, possesses this characteristic 

of 'bolting ' it was decided that a series of gibberellic acid (GA) 

experiments be undertaken to determine if the results obtained for 

sainfoin conformed to those obtained for other plants of similar 

growth habit. 

The results, from three experiments in this section, will also 

provide information helpful in understanding the mechanism of the 

internal regulation of flowering in sainfoin. 



CHAPI'ER 9 

Er-.-.?~T OF GIBBEHELLIC ACID ON LEAF ANGLE 

9.1 Introduction 

In Chapter 4 it was noted that during progression towards the 

flowering phase the first response to increasing daylength was an 

increase in the angle of the leaves to the horizontal. That is, the 

leaves of each plant becrune erect. There was also an increase in the 

length of the leaves caused by elongation of the petioles. 

Previous authors (Carlson et al, 1964 for lucerne; Fletcher and 

Martin , 1962 for white clover; and Stoddart, 1959 for red clover) have 

observed an increase in leaf angle to the horizontal and petiole 

elongation in response to GA treatment. However, these authors have 
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not discUBsed these results in relation to the onset of the reproductive 

process. Zeevaart (1971) noted that the earliest visible responses of 

spinach plants transferred from short days to long days were an upright 

leaf orientation and increased elongation of the petioles. GA
3 

applied 

in short days proctuced effects similar to the effect of long days in 

non GA-treated plants. He sug~ested that this observed response in 

spinach plants might be due to a higher rate of GA biosynthesis combined 

with an increased sensitivity to GA. 

In this investigation sainfoin plants held in short days were treated 

~ith GA
3 

to determine whether this hormone could substitute for long days 

and lead to an increase in leaf angle to the horizontal. 

9.2 Materials and Methods 

Cv. Melrose seed was sown on January 6 1975 into five centimetre 

plastic pots containing an osmocote potting mix as described in Chapter 2. 

Plants were kept at natural temperatures in a box outside as described 

in Chapter 2 to give a nine hour photoperiod. 

On February 23 1976 experimental treatments began. All treatments 

in this investigation were under outside environmental conditions. 

Treatments involved five concentrations of GA
3 

(0.5, 1, 3, 5, 10 

/ug/ml. GA
3

) plus a water control. In addition a long day treatment 

consisting of a water control with supplemented artificial light (two 

Atlas BG 150W Flood Lights, PAR= 450 rnicroeinsteins/m
2
/sec. at plant 



height) to 17 hours was added. 

Application of hormone and water at seven day intervals beginning 

on February 23 1976 and ending on March 15 1976 involved placing 1 ml. 

of so l u tion on the apical region of the plant . This included all the 

young unfo l ded leaves plus the axils of the young unfolding leaves. A 

wetting agent (rvm Multi-film x 77 at 0.5%) was added to all treatment 

solutions. 

Plants from each group were individually scored for leaf angle 
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(see Chapter 5, section 5.2) each day. Each time leaf angle scores were 

obtained the soores for all plants in each treatment were summed and _;_· rom 

this the initial leaf angle score (i. e . prior to t he first application of 

hormo ne) was deducted. This gave the overall increase in leaf angle for 

each group (Figure 5.1). On March 22 1976 the last leaf angle score 

measurement was made. 

The short day control, long day (17 hr), and 0.5 /ug/ml. GA
3 

treatments had five plants each, the other treatments had ten plants each. 

In all treatments there were initially five or more plants that had a 

leaf angle score of 1 (Plate 5.1), some plants had a score slightly higher 

than this. 

9.3 Results 

Figure 9. 1 shows that the response to hormone was very rapid in 

treatments receiving 1, 3, 5 and 10 /ug/ml . GA
3

, with a gradual i ncrease 

occurring throuL.;-hou t the first week. After the second application of 

hormone there was a large increase in leaf angle to the horizontal 

reaching a maximum by the second day. The leaf angle increase was much 

hiGher for the 5 and 10 /ug/ml. GA
3 

treatments. For all treatments 

responding to GA there was an ini tial large increase in leaf angle to the 

horizontal which then gradually decreased for the rest of the week until 

the next GA application. 

Plants not receiving GA but in artificially extended long days 

(17 hours) showed a leaf angle response after seven days. From this 

period onwards the groups' leaf angles showed a steady increase until 

nearly all plants had reached a score of 5. At the termination of this 

experiment some plants in long days were just beginning to show internode 

elongation. No plants in short days had begun elongation. 

In the short day control and 0.5 ;ug/ml. GA
3 

treatment populations 

t here was no increase in leaf angle during the period of this experiment. 
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Figure 9.1 
The effect of gibbere llic acid (cA

3
) on leaf orientation for cv . Melrose 

in short days. Arrows indicate GA application times. 



9.4 Discussion 

The reason for conduc ting this expt:?riment outside was twofold. 

:F'irstly plants kept in the short day boxes in the warm glasshouse over 

summer were more liable to succ1.unb to fungal attack. This was most 
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probably due to the hi~h tempera tures and humidity within the boxes once 

the covers had been secured . Secondly it was noticed that plants kept 

in artificial short days in the glasshous e during the summer period 

tended to raise theil· leaves in a similar manner to plants in long days 

(Appendix I) which also might have been due to the relatively high 

temperatures within the boxes in the glasshous e. 

When this experiment was ended plants receiving GA
3 

did not have 

leaf angle scores as high as the long day control plants. This might 

have been due to differences in internal plant GA concentratioM. With 

more regular applications of GA
3 

treated groups might have had higher 

leaf angles. In addition, in the natural plant system another GA (i.e. 

other than GA
3

) might be responsible for a more rapid increase in leaf 

angle. 

In this experiment no plants receiving GA~ treatment had elongated .,, 
· terns at the end of this experj_ment (i.e. after four weeks). However, 

by the end of the experiment plants in the 17 hour long day control 

treatment had begun elongating their stems. 



CEAPI'ER 10 

EF'F'l:f.;'11 01'' GIBEERELLIC ACID ON FLOV/:~H ING IN SHORT DAYS 

10,1 Introduction 

Many previous studies have shown that GA can cause flowering in 

some short day and long day plants in non-inductive photoperiods 

(Lang, 1~57, 1965; Michniewicz and La.~g, 1962; Wittwer and Bukovac, 

1957). In most l ong day pasture legumes application of GA has not 

been found to induce flowering under short day conditions. Pasture 

lee,'Ume species tested include: Trifolium re pens, ~ pedunculatus 

(Thomas, 1967), Trifolium pratense (Stoddart, 1966). 
However, in Trifolium subterraneum gibberellic acid application 

uner warm short day condition.'3 had been reported to cause inflorescence 

initiation in Trifolium subterran1:.mm (Evans, 1959). 
The aim of this present investigation was to determine whether GA

3 
could induce inflorescence initiation in short days in sai.nfoin. 

10.2 Materials and Methods 
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On January 6 1976 Melrose seeds were sown into 5 centimetre plastic 

pots. containing an osmocote soil nutrient mix as described in Chapter 2. 

Initially the plants were placed in short day boxes inside the glasshouse 

but due to unfavourable conditions ~ee Chap. 6) all experimental plants 

were moved into outside environmental conditions using the same boxes . 

A nine hour photoperiod was used throughout the duration of this experiment. 

On March 10 1976 all plants were repotted into 10 centimetre plastic pots. 

On January 15 1976 hormone applications began ( two applicatior1s per 

week) . There were six treatments (o, 20, 40, 80, 160 and 500 ;u.g/ml. GA3) 

of 12 plants each. GA
3 

solution was applied to the apical re~ion of each 

plant. GA
3 

wa.s last applied on March 11 1976. 
Data in Table 10.1 were obtained on March 16 1976 and within all GA3 

treatments the most elongated stems were dissected to determine whether 

plants had initiated inflorescences. 

10. 3 Results 

Shoot elongation occurred in response to all GA3 treatments; the 



'l'able 10.1 

The effect of gibberellic acid on inflorescence initiation and 

vegetative development in short days for cv. Melrose . I the percentage 

of plants with inflorescence initiation , II the percentage of plants 

with e1ongate::l stems, III the aver~e length of elongated stems, rv t he 

V the average number of elongated internodes per plant greater than 

2 mm. and 1 cm. respectively. 

I % of plants with 
inflorescence 
initiation 

II % with elongated 
stems 

III Av . stem length (cm. ) 
:'.: SEM 

IV Av. no. elongated 
internodes per plant 
( > 2 mm . ) :!: SEM 

V Av . no. elongated 
internode per ~lant 
( > 1 cm.) - SEM 

0 

0 

0 

0 

0 

0 

:;Jata were obtained on March 16 1976. 

GA
3 

concentration (;uCT/ml.) 

20 o so I 160 

0 

100 

5. 14 
0. 937 

8. 36 
1 . 002 

0.36 
0 . 203 

0 

100 

4.15 
0 . 662 

0.55 
1. 608 

0 
o.o 

0 

82 

5.61 
1 • 125 

s.27 
1. 1 21 

0 .54 
0.390 

0 

100 

6 . 19 
0.847 

9 . 73 
0. 954 

0.64 
0.388 

500 

0 

80 

4 . 60 
0.6·19 

8 . 70 
1. 211 

0 .10 
0.100 
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first plants elongating nine days after the initial GA
3 

application 

(Figure 10.1). Most plants that elongated did so over a 25 day period, 

be5inning 21 days after the first GA
3 

application, with all treatments 

being similar in response. All elongated stems were short and their 

elongated internodes also were short. Elongated stems were always 

vertical. 

s tage. 

The water treated control plants remained at the rosette 

In no GA
3 

concentrations tested was there any flowering (Table 10.1). 

In no plant dissected was there any inflorescence initiation at or near 

the apex. 

10.4 Discussion 

The results of this investigation show that under short photoperiods 

GA
3 

will not cause inflorescence initiation in sainfoin. However, stem 

elongation does occur although stems and elongated internodes tend to be 

short in comparison to long day GA
3 

treated plants (Chapter 11, Table 11.5)~ 

This information is similar to that found for most other pasture and 

forage legumes (Stoddart, 1966). For a non-flowering strain of red 

clover Stoddart (1966) found that plants treated with GA
3 

in short days 

had a mean stem length of 11.2 cm whereas plants treated with GA
3 

in 

long days had a mean stem length of 43.0 cm. 

These results will be discussed in more detail i n Chapter 15. 
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Figure 10.1 

Effect of gibberellic acid (GA
3

) on stem elongation for cv. Melrose 

plants in short daye. In the water control population there were no 

plants with stem elongation. t::.---t:» 20 /ug/ml. GA3,•--• 40 /ug/ml. G.A.3, 

e - e 80 /ug/ml. GA3, o -- o 160 /ug/ml. GA3, o -- o 500 /ug/ml. GA3 • 

The 80 /ug/ml. treatment population had one plant that began elongation 

on Karch 15 1976 (i . e. by the end of the experiment 8~ of the plants had 

elongated stelll8). This late stem elongating plant only elongated to 

1.6 cm. 

N .B. The first GA application was made nine days after germination. 

Figures in brackets refer to the number of days after the first 

GA application. 
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CHAP.rm 11 

:i!Yl',"001'S OF GA
3 

ON FLOWERING IN LONG DAYS 

11.1 Introduction 

Previous studies in this thesis have shown that a proportion of 

plants within a Melrose population does not flower in warm long days. 

The study in this Chapter was designed to test whether GA
3 

would cause 

flowering in all genotypes of Melros e grown under warm long day conditions. 

From the results one might be able to speculate whether a lack of GA is 

responsible for some plants not flowering. 

In addition, by taking detailed information, with a.s many characters 

being measured as possible the results of this study might l ead to a 

greater understanding of the mechanism(s) that controls flowering in 

sainfoin. 

Because of its reproductive variability Melrose was selected. I t was 

hoped this variability might be repressntative of mos t genotypes of 

Onobrychis vici i folia Scop. 

11.2 Materials and Methods 

Seed of Melrose was sown on January 6 1976 into 5 centimetre plastic 

pots with an osmocote soil/nutrient mix. Six days later s eedling 

emergence had begun. On March 10 1976 all plants were repotted into 10 

centimetre pots. 

At the start of the experiment the natural photoperiod was around 14.8 

hours. It should be noted that the natural photoperiod throughout this 

experiment was decreasing with time. 

The experiment consisted of six treatments involvi ng five G½ 

concentrations (20, 40, 80, 160, 500 /ug/ml. GA
3

) with a distilled water 

control. All GA applications were made to the apical region of each plant 

with a plastic syringe (1 ml./plant/application). A wetting agent 

(IWD Multi-Film X 77, 0.5%) was added to all treatment solutions. 

January 15 1976 treatment applications began twice weekly. At the 

first GA application plants were approximately three to four days old 

having two expanded leaves each. 

plants, each in a separate pot. 

Each treatment group consisted of 12 



Plants were measured and their reproduction development recorded 

on March 10 1976 when the natural photoperiod was 12.5 hours. After 
-

this had been completed all plants were transferred to a 17 hour 

photoperiod consisting of the natural photoperiod with a morning and 

night supplement as described in Chapter 2. Then on April 26 1976 the 

experiment was ended with another set of measurements and observations 

being recorded. 

76. 

Epidermal cell length measurements in Table 11.7 were deterw~ned 

from an internode in the central region of an elongated stem, epidernal 

strips being obtained from the central region of an internode (Table 11.7, 

11. a). 210 cells were measured from three epide mal strips (i.e. 70 cells 

counted from each) for each treatment (Table 11 .7) , and two internodes 

were measured per internode length class (100 cells/individual internode 

from three epidermal strips per plant) (Table 11.8). 

Internode diameters were measured on elo?l€ated stems using cali~ers. 

(: 0.05 mm.). The 'lo~er' internode was defined as the internode where 

elongation first began. The 'upper' internode was def i ned a.s that 

basal to the youngest fully expanded leaf. 

To facilitate discussion, interyretation and understanding of the 

results this experiment has been divided into two sections (A and B). 

Firstly da a obtained from each t reatment under natural photoperiods are 

presented (Section A) and then follow the results obtained under the 17 

hour photoperiod (Section B). 

Results 

SECTION A 

11.3.1 Effect of GA
3 

in Natural Long Days 

11.3.1.1 Stem Elongation 

The first response to GA
3 

was that of stem elongation (Figure 11.1). 

Prior to elongation there was no swelling of the primary shoot bud (see 

Chapter 5). At the end of the experiment all plants had elongated 

primary stems in all GA
3 

treatments. In contrast one plant only (8%) 
of the control group had elongated stems and this plant had only 

elongated one secondary stem that was just over two centimetres. 

It required 11 days, after the first application of gibberellic acid, 
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Plant age (daye) 

Effect of gibberellic acid (GA
3

) on stem elongation for cv. Kelrose 

plants in long days. •---• control, 6-6 20 /ug/ml. GA
3

, •---• 

40 /ug/ml. G.t3, • - e 80 /ug/ml . GA
3

, o - o 160 /ug/ml. GA
3

, o--o 

500 /ug/ml. GA3• 

N.B . The firet GA application was made nine days after germination. 

Figuree in brackets refer to the number of days after the 

first GA application . 
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before stem elongation had began in plants receiving 40 to 500 ~/ml. GA
3

• 

In the 20 /ug/ml. GA
3 

t reatment stem elongation had not begun until 18 

days after the first GA application. This represents a time difference 

of seven days between responses (Figure 11.1). 

At the end of the firs t section of the experiment all elongated 

stems were meMured. When averaging stem lengths on a treatment basis 

ver-J little difference between treatments was observed. However, there 

was a large amount of variation within treatments with some plants having 

relatively long elongated sterns with others being short. 

The node at which elongation began was alao recorded (Table 11.1). 

With increasing GA
3 

concentration stem elongation began at a lower node 

number. 

The average number of elongated internodes per plant was also 

measured (Table 11.1). In the GA
3 

treatments the 20 /ug/ml. GA
3 

group 

had fewer elongated internodes than the other groups. In fac t there 

was 

the 

a gradual increase with increasing GA
3 

concentrations. 

Measurements of elongated internodes (Table 11.1) showed that overall 

20 ;ug/ml. GA
3 

treated plants had the longest internodea. The other 

treatments had similar average internode lengths. This observation 

will be discuased in more det ail further on in this chapter as it has a 

relationship with flowering . 

There were no significant differences between treatments in the 

diameter of the first elongated internode (measured at the centre of the 

internode) on each stem. 

11.3.1.2 Flowering 

One of the main features of this experiment wa.s that although all 

plants in each GA treatment had elongated stems, macroscopically visible 

inflorescence initiation occurred in only one treatment (Table 11.2). 

In the 20 ;ug/ml. GA
3 

group the three plants that ~id flower had 

the first inflorescence occurring on node number 10.66 - 0.33. This 

corresponded to approximately the fourth to fifth node initiated after 

the first application of G~. 

11.3.1.3 Associated Vegetative Characters 

In addition to the previously described data the number of basal 

buds, rate of leaf emergence, seedling vigour, and the average length of 



Table 11.1 

Effect of GA3 on stem elongation in natural long days (! SEM values 
provided)• 

GA
3 

concentration (/u.g/ml. GA
3

) 

0 I 20 40 80 160 I 500 

Av. elongated stem length 0.20 20.82 22 .14 18.67 21 .86 21.32 
per treatment (cm.) + 0.20 4.95s 1. 805 3 .123 5.113 4.323 

Average node at which 
+ 

4.75 4.42 3.58 3.58 3.45 
elongation started - 0.250 0.312 0.193 0.417 0.366 

Av. No. Elongated 0.08 8.42 10.82 10.67 11.09 11.09 
internodes/plant + 0.08 0.733 0.325 0.643 0.456 0.836 -

Av. length of elongated 2.38 1.81 1.58 1.79 1. 57 
internodes + 0 . 272 0.164 o. 177 0.17s 0.160 -

Av. diameter of the first 0.407 0.361 0.369 0.414 0.343 
elongated internode + 0.021 0.027 0.042 0 .036 0.023 -

Table 11.2 

Effect of GA
3 

on flowering in natural long days. 

'f, of plants with blossoming 
inflorescences 

% of plants with 
macroscopically visible 
inflorescences 

Av. No. days to blossoming 
.(From first GA application) 

0 

0 

0 

GA
3 

concentration (;ug/ml . GA3) 

20 

25 

25 

+ 49 
1.33 

40 
0 

0 

80 160 r 500 

0 0 0 

0 0 0 



leaves number four to twelve were noted (calculated from each plant , 

Table 11 • 3). 

Table 11.3 

Vegetative characters associated with reproductive development in 

natural long days(! SEM values provided). 

GA3 Concentration (;ug/ml. GA
3

) 

0 20 40 80 160 

Rate of leaf emergence 1.422 1.650 1.641 1.622 1.740 
period of experiment + 0.075 0.059 0.049 0 . 058 0.060 over -

(no. leaves emerged/week) 

Average length of leaves 17.39 22.80 22.18 i9.33 19.67 
no. 4 to 12 (cm.) + 1. 152 1. 254 1.468 i. 343 1.306 -

Av. no. basal buds/plant 3. 75 0.25 0.09 0.08 o. 73 
+ 0.53a 0. 130 0.179 0 .179 0.634 -

78. 

500 

1.740 
0.106 

19.92 
1 .437 

o.o 
o.o 

With GA
3 

treatments the average number of basal buds per plant was 

markedly less than in control plants. Many GA
3 

treated plants had no basal 

buds whatsoever whereas, with one exception, all control plants had basal buds. 

The rate of leaf emergence showed an increase after GA
3 

treatment 

(Table 11.3). However, this increase was only slight with no differences 

being observed between GA
3 

concentrations. In the 20 ;ug/ml. GA
3 

group 

there were differences between plants that flowered (1.823/week) and those 

that did not flower (1.422/week, the latter having the same rate of leaf 

emergence as the control group. However, in comparison to the control, 

there was still a slight increase in rates of leaf emergence for the higher 

GA3 concentrations that had no flowering (i.e. 40 to 500 /ug/ml. GA3• 
In each GA

3 
treatment plants can be divided into two groups; those 

having stem lengths of leas than 20 cm., and those having stem lengths 

greater than 20 cm. (Table 11.4). As all plants were individually numbered, 

leaf emergence rates could be calculated for each group. As a gen$ral rule 

plants with shorter stems had lower rates of leaf emergence than plants with 

longer stems. 
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Table 11.4 

Rates of leaf emergence ,per week) for GA
3 

treated plants with stems 

(a) greater than 20 cm., a..~d (b) less than 20 cm. in natural long days. 

Rates of leaf emergence(! SEM) 

(a) stems (b) stems 

less than 20 cm. more than 20 cm. 

20 1.547 + 0.065 1.794 + 0.074 - -
40 1.641 + 0.077 1. 641 + 0.069 GA

3 
concentration -

80 1.513 + 0.077 1.732 + 0.066 (/ug/ml. GA3) - -
160 1.719 + 0.070 1 .?78 + o. 103 - -
500 1. 578 + 0.098 2 .105 + 0.027 - -

The leaf lengths, on each plant , for leaves on nodes number four to 

twelve were measured. GA~ treatment caused only a slight increase in 
,,I 

length in comparison with the controls. There appeared from a visual 

estimate to be no significant increase in leaflet area in r esponse to 

GA application. 

Seedling vigour , scored on degree of greenness, was recorded when 

the plants were beginning to elongate. The 20 ;ug/ml . GA
3 

treatment 

group resembled the controls, having plants with deep green leaves whereas 

leaves in the other GA treatments were slightly yellow. 

SECTION B 

11.3.2 Effect of GA
3 

in a 17 hour Photoperiod 

As previously mentioned, plants from the natural photoperiod were 

placed into a 17 hour photoperiod in the same glasshouse on March 10 1976. 

On April 26 1976 another set of data was obtained. 

11.3.2.1 Stem Elongation 

Measurements associated with stem elongation are shown in Table 11.5. 



80. 

The most significant feature was that there were large variations within 

treatment groups with regard to individual plant stem lengths . Stem 

elongation occurred in only two control plants and the stems on . these 

were short. These two plants were left under a 17 hour photoperiod for 

another 14 days during which one plant elongated to about 12 centimetres, 

the other showed no more elongation. Even with this extended time no 

macroscopically visible inflorescence initiation occurred. 

Table 11.5 

Effect of GA
3 

on stem elongation and internode diameter in a 17 hour 

photoperiod . In GA
3 

treatments all plants had elongated primary stems 

(i.e. 12/treatment) with no elongated secondary stems. The two control 

plants each had only one elongated secondary stem with no elongated 

primary stem. The terms 'lower' and 'upper' are defined in section 11.2. 

GA3 Concentration ( ;ug/ml. GA3) 

0 20 40 I 80 I 16~_L500 

Av. stem length / treatment (cm.) 0.664 57.4? t39 .00 65 . 91 72 . 40 81.41 
: s:w + 0.446 11 • 17 9.08 1? . 31 12.99 7 . 80 -

Av. No. elongated internodes/ 18.82 21. 20 19 . 89 22. 70 22 .10 
+ SFli\ + 1. 181 0.71 2 0 . 934 o . 667 1. 622 plant - -

~wer + 
0.453 0 . 409 0.522 0.519 0 . 457 

- SEM - 0.018 0 . 024 0.048 0.030 0.027 
Av . Internode 

Diameter 
¥pper 0.249 0 .1 89 0 . 200 0.210 0 .180 

+ 0 .050 0.010 0 .026 0.021 0 .009 - S94 -

The number of internodes elongated per plant showed no differences 

between GA concentrations. When plant height was plotted 8,8ainat number 

of elongated internodes (Figure 11.2) three features were observed. 

Firstly in general there was a positive correlation between stem length 

and the number of elongated internodes. There were two exceptions to 

this rule. For plants that blossomed, elongated internodes tended to 

be longer than those in non-flowering plants, (circled dots). Another 

form of stem growth observed was that some plants with short stems had 

aany short internodes (dots enclosed in squares). 
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3
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A dot within a circle represents a flowering plant; a dot 

within a square represents a plant having a short stem with many 

elongated internodes; other dots represent a stem with no 

inflorescence initiation. 
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When measuring internode diameter, again these three stem growth 

forn~ can be noted. When averaging the highest measured internodes no 

differences were observed on a treatment basis (Table 11.5). However, 
within all treatments individual plants showed a large variation in the 

diameter of the highest measured internode. The lowest internode showed 

ver-~ little variation between plants (Table 11.6). 

Table 11.6 

Stem elongation and growth form of three individual GA_ treated plants. 

' Plant no. 1 short stem, non-flowering, many elongated internodes, t hick 

upper internode; Plant 2 - long stem, non-flowering, upper internode 

slightly smaller than lower; Plant 3 - blossoming, upper internode very 

thin compared to basal internode. 

Stem length (cm.) 

No. elongated internodea 

Differences between diameters 

of lowest and highest 

internodes (cm.) 

Rate of leaf emergence 

(No. emerged per week) 

1 

18 .0 

21 

0 . 070 

Plant Number 

2 3 

106 .0 11 1.0 

24 20 

0.167 0.364 

1.860 

Plants having a short stem with many elongated internodes tended to 

have internodes all of a similar diameter (e.g. Plant No. 1., Table 11.6); 
those plants that flowered had very thin upper internodes in comparison 

to the basal internodee (e.g. Plant No. 3. , Table 11.6); and finally 

those plants that elongated but did not flower, had upper internode 

diameters inbetween the other two stem growth forms (e . g. Plant No. 2., 

Table 11 .6). 
At the time of internode meas.urement Plant No. 3 had initiated 11 

inflorescences on its primary stem. 

Epidermal cell lengths on elongated stems are shown in ~able 11.7. 

GA
3
-treated stems had the same epidermal cell lengths as control non-



treated stems. However, epidermal cells on non-elongated internodes 

were significantly shorter (1% l evel ). 

Table 11,.:1 

82. 

Epidermal cell l engths of non-elongated and elongated internodes in 

GA
3 

treated and non- treated plants. 

Type of Internode 

Non-GA
3 

treated (but elongated.) 

20 ;is/ml. From a blossoming plant 

20 /ug/ml. From a non-flowering plant 

500 /ug/m.1. From both a flowering and 
non-flowering plant 

From a non-elongated Internode 
(nontreated plant) 

Cell length (10-6 m.) 

61.68 + 1.07 -
60.32 + 1.44 -
62.49 + 1.00 -
60.36 + 1.72 -
33.33 + 0.93. -

Within GA
3 

t reatments plants showed a variation in internode length. 

Six internode classes of various lengths were selected and their epidermal 

cell lengths were measured (Table 11.8). 

Shorter internodes have slightly, but statistically s i gnificantly, 

shor t er epidermal cells . However the cells are s t ill longer than in 

non-elongated internodes (Table 11.7). The longer internodea were always 

found on plants having inflorescence initiation. These longer internodes 

result from more cells rather than longer cells (Table 11.8). 

Basal bud deve l opment under a 17 hour photoperiod showed the same 

trends as in the natural photoperiods. Very little new bud formation 

occurred, but some basal buds elongated although none initiated 

inflorescences. 

11.3.2.2 Flowering 

Under the 17 hour photoperiod some plants from all GA3 treatments 

either blossomed or produced aborted inflorescences (Table 11.9). 

A maximum of 50 .percent of plants initiated inflorescences within 

any GA treatment; the minimum was 25 percent. Within any treatment the 

maximum percentage of plants blossoming was 33 percent lTable 11.9). 

The 20 /ug/ml. GA
3
-treated plants that flowered in the 17 hour 

photoperiod included the three that had earlier flowered in natural days. 



Table 11 .8 

Epidermal cell lengths from internodes of different lengths. All 

plants measured are from the GA
3 

treatments. 

Epidermal 
cell length 
( -6 
4

10 m.) 
-sm 

Estimated no. 
of cells in a 
line from node 
to node 

11.20 
+ - 0.20 

57.33 
1. 58 

1953 

Internode length (cm.) (! SEM) 

7.75 I + 5.5 4.15 I 3.35 I+ 
2. 12 + + 0. 35 - 0.25 I - o - I : 0.1 5 1- o. ·12 

62.72 61.03 54.13 52.82 52.4a 
1.70 1.88 1.46 1.27 1.45 

1235 90i 767 634 404 

In the 17 hour photoperiod the average time required for blossoming 

to occur in all GA
3 

treatments (i.e. with data bulked) was 41 days. Thie 

is comparable to the time required for the three 20 /ug/ml. GA
3 

treatment 

plants to flower in natural photoperiods, i.e. 49 days after the first 

GA application. 

The node at which the first inflorescence was initiated in a 17 hour 

photoperiod is shown in Table 11.10, together with the final stem lengths 

attained. 

plants. 

Stems of flowering plants were longer than for non-flowering 

11.3.2.3 Lateral Branching 

The percentage of plants having lateral branches on elongated stems 

was low, although all plants with elongated stems that received GA3 
treatment had a few lateral branches (Table 11.11). 



Table 11. 9 

I Percentage of pl mts with macroscopically visible inflorescences, 

II percentage of plants blossoming, III percentage of inflorescences 

aborted per treatment and IT the average number of inflorescences 

ini t.iated per plant after transfer to a 17 hou-r photoperiod. 

treatment). 
12 plants/ 

GA3 Concentration (/ug/ml. GA3) 

0 20 40 80 160 500 

I % of plants with visible 0 33 33 25 25 50 
inflorescences 

II % of plan ts blossoming 0 33 25 8 0 17 

I II % of i nf lorescences 0 47 53 76 100 81 
aborted 

IT Av. No. of visible 0 10.25 4.25 4.33 1. 75 3.14 
inflorescences per 2.49 0.479 0.333 0.250 1.12 
flowering plant 
! SEM 



Table 11 .10 

Stem lengths of non-flowering versus flowering plants, and the 

node number at which the first inflorescence occurrei counting upwards 

from the first formed leaf in plants treated with GA
3

• 

GA
3 

Concentration (;ug/ml. GA
3
) 

0 20 0 80 160 500 
Node at which the first 28.0 21 .50 19.67 22.67 21.86 
inflorescence occurred ! o.o 0.645 1.333 2.027 1. 203 
~for plants that only 
flowered in the 17 hour 

photo period 

Flower1.n.g + 102 . 5 115.6 107. 6 113.6 95.7 

/ plrt· 
- 5. 31 1.45 13.86 12.33 13.45 

Stem 
lengths 

~Hon-flowering 34.87 69.8 40.3 54.7 69.5 
+ 8.09 8.48 12.89 6.35 plants - 8.40 

+ 

Table 11.11 

Percentage of plants with lateral branching on elongated stems, and 

the average number of lateral branches per primary stem in GA
3 

treatments. 

"I, No . of plants with 
lateral branches 
(.I.Dnger than 1.5 cm) 

No. of lateral 
branches/plant 
greater than 1.5 cm 

0 

0 

GA
3 

Concentration (;ug/ml. GA
3

) 

20 40 80 160 500 

33 8 33 42 25 

2.0 2.25 3.0 



11.4 Discussion 

Under natural long days three plant8 from the 20 /ug/ml. GA 

treatment were the only plants to flower . Using the data provi~ed 

below the approximate date for inflorescence initiation was calculated 

and at the same time compared to the average approximate date for 

inflorescence initiation for Melrose in the cultivar trial (Chapter 5). 

Av. date of blossoming 

Rate of leaf' emergence 
(per week) 

Av. No. of inflorescences 
on a stem when the first 
inflorescence begins to 
blossom (Table 4.1) 

Therefore the time from 
inf lorescence initiation to 
blossoming equals 

Therefore the average date 
for inflorescence initiation was 

Photoperiod at this date 
(Figure 2.1) 

Melrose plants from 
the cultivar trial 

(Chapter 5) 

Jan . 5th 
(Figure 5.5) 

4.56/20 days lTable 5.4) 
= 1.60 per week 

10 

16 days 

Dec. 19th 

Melrose plants in 
the present GA

3 experiment 

March 4th 

1.65 per week 
('l'able 11.3) 

10 

16.5 days 

Feb. 17th 

13.5 

From this comparison it would appear that GA
3 

can lower the 4riti cal 

photoperiod for inflorescence initiation, under these environmental 

conditions, at lea.at in those three plants that blossomed. 

When all treatments were transferred to the 17 hour photoperiod some 

plants from all groups initiated inflorescences (Table 11.9). The 

percentage of plants with inflorescence initiation ranged from 25 to 50 

percent. This represents a difference of only three plants, and taking 

into account the fact that Melrose is a heterogeneous cultivar regarding 

flowering, it is doubtful whether this difference is sienificant. When 

comparing these percentagee to percentage inflorescence initiation values 

obtained in similar experiments where the daylength has been artificially 



extended to 17 hours (Chapter 6) , it is conc luded that GA
3 

does not 

influence the percentage of plants initiating inflorescences that one 

would expect in this cultivar under these glasshouse environmental 

condition.s. It appears that if a Melrose pla.YJ.t has the potential to 

flower in the glasshouse then it will most probably do so whether GA 

is appl ied or not. 
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However , GA
3 

does affect the time required before inflorescence 

initiation can occur i.e. the juvenile period. For the three 20 ;ug/ml. 

GA
3 

treated plants that blossomed in natural photoperiods a period of 

only 52 days was required for bl ossoming to occur whereas in Chapter 6 

young seedlings immediately placed into long days required approximately 

110 - 112 days before blossoming occurredo 

GA
3 

may have an ef fect on inflorescence development. In Table 11.9 

it i s shown tha t with i ncreasing GA
3 

concentration the percentage of 

inflorescenc es aborted tended to increase . In addition to this it was 

observed that inflorescenc es tended to abort at an earlier stage of 

development at the higher GA
3 

concentrations. As no flowering occurred 

within the control populat i on no comparison can be made with the lower 

GA
3 

concentrations to see if they also were havJ.ng an inhibitory effect. 

The failure of plants to flower within the control population was 

most probably influenced by two factors. Firstly, when working with 

smallish populati ons, there is always the chance that there will not be 

an even distribution of genotypes within the selected population under 

study. In thia caae under these environmental conditions a dominance 

of "rosette genotypes" may have been selected. Another possible 

explanation could be the previously observed effect of pot size (Chapter 

7). The present experiment was conducted with the plants growing in 

10 centimetre pots, which might be expected to inhibit reproductive 

development, especially towards the latter period of the experiment, 

when the root volume exceeded a certain value. This .being the case i t 

is possible that GA
3 

might act by overcoming the inhibi tory effect of 

pot size on reproductive development. 

Intern.ode elongation occurs mostly by cell division (Table 11.7, 11.8). 

It appears that GA
3 

does not affect th.is process apart from increasing the 

rate of stem elongation. In greatly elongated internodes associated 

with inflorescence development the extra internode elongation occurs by 

cell division, not cell elongation (Table 11.8). 

Another interesting feature related to the node at which lateral 

branching first occurred on elongated stems. For all GA
3 

treatments 
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(i .e. data bulked) the average node was 9.37 ! 0.33 (lateral bra.~ches 

greater than 1.5 cm. ). Comparison to the three plants that flowered 

under natural photoperiods shows that the first inflorescence initiations 
+ occurred at node number 10.66 - 0.33. Could this suggest a relationship 

between inflorescence initiation and lateral bud development? Thomas 

(1962) provided evidence from white clover of the homologous nature of 

vegetative a.~d reproductive axillary bud primordia. He suggested that 

the onset of flowering may be the 1-esul t of decreased growth inhibition 

from the apex. The correlation, in the GA
3 

treated sainfoin plants, 

between the node a t which inflorescence initiation fi rs t occurred and the 

node at which lateral branches developed suggest that this apical 

inhibition, as suggested by Thomas (1962), is released at about the 10th 

node stage of growth under these environmental conditions. This would 

suggest that lateral bud development may be controlled by an endogenous 

process simil ar to that which controls inflores cence initiation. Further 

this could suggest that if the plant genotype does not have the potential 

to effect inflorescence initiation (e.g . lack of low tempera ture 

pretreatment), then the closely related lateral bud development phenomenon 

might be able to proceed. 

All plants in the GA
3 

treatments had elongated stems, from which it 

is concluded that GA
3 

can effect stem elongation in all genotypes of 

Melrose, including those that nonnally remain as non flowering rosettes. 

Figure 11. 1 shows that stem elongation occurred soon after the 

first application of GA3" For the 40-500 /ug/ml. GA
3 

treatments 11 days 

passed after the first GA
3 

application before stem elongation was first 

recorded. For t he 20 /ug/ml . GA
3 

treatment it waa not until 18 days 

after the first GA
3 

application that stem elongation was firs t noted. 

No reason can be given f or this delay in the 20 ;ug/ml. GA
3 

treatment 

apart from the fact that this was the lowest concentration appl ied. 

It should be remembered also that this was the only treatment in which 

plants blossomed under natural photoperiods. 

The node at which internode elongation began (Table 11.1) also shows 

this delayed effect(£! stem elongation). When averaging all plants in 

each treatment it is shown that the 20 /ug/ml. GA
3 

treatment plants began 

internode elongation later than the other treatments. This trend is 

more clearly observed when comparing the first plants that elongated in 

each treatment. In all early examples plants in the 20 ;ug/ml. GA3 treatment 
began stem elongation at least one node later than comparable examples 



in the other GA
3 

treatments. 

In Chapter 3 it was noted from dissections that the number of 

enclosed leaf primordia in the parent s hoot of a seven day old Melrose 

seedling averaged 2.66. In a two week old seedling the number had 
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reached four. When the firat GA application was made most plants would 

have had two expanded leaves, a."l.d these plants would also have had three 

to four enclosed leaf primordia i.e . a total of five to six leaves 

initiated. Con1paring this to Table 11 .1 one can conclude that upon the 

first GA
3 

application internode elongation later began below a leaf 

primordium that had already been initiated. 

Wh en comparing treatments, average stem length showed no significant 

differences (Table 11.5). However, within all treatments separate stem 

growth forms (internode thickness and length) could readily be 

distinguished (Table 11.6, Figure 11.2). These growth forms do not 

appear to be influenced by GA~, as non-treated plants in other experiments 
) 

show the same growth forss. 

In Table 11.1 it is shown that in the 20 /ug/ml. GA
3 

treatment the 

average internode length was greater tha.~ i n the other populations. The 

reason for t his is that th s grou;> had three plants that blossomed. and 

that inflorescence initiation i3 correlated with increased internode 

lengths. This effect is demonstrated in l<'igure 11.3. In all cases 

where a stem had blossoming inflorescences (;:i.lso even aborted 

inflorescences) the inter node basal to the node of attachment of the first 

inflorescence was longer than other internodes. This feature also 

occurred in non- GA
3 

treated flowering stems in all cultivars. Booysen 

and Laude (1964 ) observed the same phenomenon Ladino white clover. 

These authors postulated that this extra internode elongation could be 

due to GA diffusing out from the developing inflorescence. Tcaczyk 

et al (1976) provided evidence that in Avena the developing inflorescence 

supplies gibberellins which cause the elongating growth response in 

next-to-last internodes. Kaufman et al (1976) found that in this 

Avena system the major GA of the inflorescence was GA
3

• 

In sainfoin, the experiments of this chapter show that applied GA
3 

does not cause this extra internode elongation in non-flowering stems. 

This could be due to the following:-

la) The GA3 applied may not be entering the region within the plant 

where this extra-elongation growth response is controlled. 

(b) Extra internode elongation could possibly be due to another GA 

(i.e. other than GA
3
). 
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(c) Extra internode elongation could possibly be due to the effects of 

another hormone working independently of GA. 

(d) There could be a synergistic effect of a.uother hormone working 

with GA. 

Internodes apical to tha node of the first formed inflorescence do 

not show this extra-elongation even when higher nodes bear inflorescences 

(Figure 11.3) . If the extra i nternode elongation were due to GA 

diffusing out of the developing inflorescence then it would be expected 

all internodes baaipetal to a node bearing a developing inflorescence 

would be greatly elongated. Furthermore, in sainfoin the results obtained 

do not fit the model proposed by Booysen and Laude (1964 ), Tkaczyk et al 

(1 976) and Kaufman et al (1976) sugges ting that internode elongation in 

white clover and Avena is controlled by GA from the inflorescence. 

However, in the sainfoin example this GA mechanism could be working 

initially. For example, the first formed inflorescence, while at a young 

stage of development, could produce a growth promoting hormone(s) that 

might diffuse out into the stem in a polar direction only tthis could 

involve only one of the hor:nones, if more than one is present). If there 

were a synergistic reaction then this would always occur basal to the 

node of the first formed inflorescence. As the first formed inflorescence 

developed in size it might next produce a stem growth inhibiting hormone 

that could move throughout the stem. This could possibly cancel the 

effect that would otherwise be produced by younger inflorescences above. 

Shorter internodes apical to the first formed inflorescences might 

also be due in part to the fact that the apex initially has to supply cellB 

to the developing inflorescence and the internode. Hence not as much 

internode growth may be able to occur as had occurred in previous 

internodes. Data for plant number 2 versus plant number 3 (Table 11.6) 

lend evidence to support this (i.e. comparing internode diameters, 

Bottom - Top). 

GA
3 

treat~ent does not appear to have had much influence on final 

leaf size (Table 11.3). These data appear to be in contrast to those 

obtained from other pasture and forage legumes (Fletcher and Martin, 

1962; Finn and Nielsen 1959 ; Stoddart, 1959). In Wild White and 

Lad.ino Clover, Fletcher and Martin (1962) obtained increases in leaf area 

of 3.7 to 9.2 and 10.9 to 31.4 sq.cm. respectively. They obtained 

similar responses for petiole lengths also. 
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When treatments were scored for leaf colour the 20 /ug/ml. GA
3 

population resembled the control (SI'Oup, having dark green leaves, the 

other GA
3 

treatments had plants with light yellow leaves. From this 

observation it can be concluded that the higher GA
3 

concentrations may 

have been inhibitory to some aspects of growth. 
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Srel'ION IT 

GROWTH AND D.EV:SLOPMENT UNDER COOL ENVIRONMENTAL CONDITIONS 

Introduction 

The experiments in this section have been designed to answer 

relevant questions regarding the effects of low temperature and low 

temperature pretreatment on reproductive development in sainfoin. 

From results of other experiments in this thesis it has been observed 

that all Common plants and a certain number of Melrose and Kranodar 

plants do not flower under long photoperiods when grown in the warm 

glasshouse. Thus a question that needs answering is whether these 

plants require low temperature pretreatMent or even direct low 

ter'lperature treatment before flowering can occur, and if so how much . 

The difference in the requirement for low temperature pretreatment 

between s eedling plants a.~d mature plants is a lso discussed. 
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Another c;_uestion t hat will be answered is whether the low temperature 

pretreatment effec t can he "held" in a glasshouse environment in s hort 

days until later favourable photoperiodic conditions occur. 

Finally from the results obtained in this series of experiments one 

will be able to determine if there is any difference in the plants 

flowering characteristics after low temperature pretreatment (e.g. abortion 

and other flo wering parameters). 
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CHAP.l'ER 12 

THE EFFWT OF LOW TEMPERATURE ON FLOWERING IN FIVE CULTIVARS OF SAINFOIN 

12.1 Introduction 

The results of the experiment described in Chapter 5 showed that 

different cultivars of sain£oin gave different fiowering responses in 

their first year of growth when they were grown in natural environmental 

glasehouse conditions. Most Giant and Italian plants flowered; in 

Melrose only 57% of the plants had macroscopically visible inflorescences, 

in lCra..cmodar two plants (8%) had macroscopically visible inflorescences; 

and in Common no plants within the population studied had visible 

inflorescences. 

Previous studies on sainfoin have shown that Giant will flower twice 

in its seeding year in a natural environment whereas Common will not 

flower at ali (Thomson, 1951a; Gill and Vear, 1958). Cooper (1972) also 

described this ability to flower, or not flower, in the seeding year in 

cv. Eski and cv. Remont respectively. Spedding and Diekmahna (1972) for 

Common, and Cooper (1972) for cv. Remont noted that when these two 

cultivars did flower in the spring of their second sea.son of growth there 

was no recurrence of flowering later in the season. 

Fagan and Rees (1930) found that if Common was sown early in spring 

it would flower in its seeding yea:r. Koreisa (1935) suggested that the 

difference in flowering behavior between Common and Giant might be due 

to a difference in the length of"••••• the thermo-stage in development". 

He suggested that Giant has a short thermo-stage while Common has a long 

thermo-stage and must pass through winter before flowering can occur. 

Commenting on Koreisa's suggestion, Thomson (1938a) noted that temperature 

might be a factor determining the frequency of flowering, but to attribute 

all the differences in flowering between varieties to temperature 

requirement would be an over-simplification. Bawolski (1966) found that 

his vernalization treatments did not have a:ny effect on development and 

flowering in Sk.rzeszowicka sai.nfoin and Ustrizyki Dolne sainfoin (pnobrychis 

viciaefolia Scop.). 
In other pasture and forage legume species the effects of low 

temperature treatment have varied both between and within species. 

For example, Rahman and Glad.atone (1972, 1974) found that low 

temperature treatment was one environmental parameter that controlled 

floral initiation in Lupinus species. Clarkson and Russell (1975) a.nd 
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Aitken (1955) for annual medics (Menicago spp.); Evans (1959) and 

Morley and Evans (1959) for Trifolium subterraneum; Knight and Hollowell 

(1958) for crimson clover (Trifolium incarnatum); and Kas perbauer 

tl ,tl (1 962) for sweet clover (Melilo tus albus Desr. and M• officinalis 

Lam.) also obtained similar responses . Beatty and Gardner (1961), for 

one clone of Minnesota white clover (Trifolium repens); and van .Dobben 

(1964) and Bula (1969), for North European strains of red clover 

(Trifolium pratense), also noted a cold requirement in clones and 

cultivars of these two species. 

From a brief survey of the li t erature on pasture and forage legumes 

which are taxonomical ly closely related to sainfoin it seems not unlikely 

that the fulfilment of a low temperatur8 requirement miGht also determine 

whether or not some geno types of sainfoin can flower . 

The experiments described in this chapter were designed to assess the 

effects of various low temperature treatments on development and flowering 

in five cul tivars of sainfoin. A comparison is made of the effects of 

l ow temperature treatment effect for tadult ' and ' seedl i ~' plants of 

1:elTose. I:1 add i t i-:m an experiment has been desiened to test whether 

a low t e:nperature treatu1en t effect Jf found i.n short day can be "held" 

in the plant system af ter pLm ts u::.r-o placed into warm ~la.sshonse :;hor t 

days which a1:e followed b:, t he inc r easing natural photoperiod culJT1inating 

finally in potentially i nductive lone days . N.B . Many vernalized 

plants are ' devernalized' when trans f erred to an environment with hie-her 

temperatures (25- 30°c) , and it is of ten said tha t these types of plants 

are unable to "hold" the prior low temperature effect . 

12.2 Materials and Methods 

In this chapter the terms 'mature' and 'seedling' are used to 

distiner-uish between plants that have previously passed through a s pring/ 

SUI!'illler environment (mature) as opposed to those that have not (seedling). 

A. Mature plants 

At the beginning of February 1976 all plants of cultivars Melrose, 

Giant, Italian, Krasnodar and Common used in the glasshouse experiment 

described in Chapter 5 were hand cut to five centimetres above the pot 

soil surface level then transferred from the glasshouse to the natural 

environment outside. 

On April 8 1976 the experiment proper began. Experimental treatments 

are shown in Figure 12.1A. Where numbers allowed there were five plants 

per treatment, although in some treatments the numbers were reduced to 



Figure 12. 1 Experimental Treatments 
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four (i.e. those treatments with 4 plants. Fig. 12. 1 /A Treat ment 1 • 

Italian, Melrose, Common, Krasnodar; Treatment 2 = Italian, Melrose, 

Krasnodar; Treatment 4 = Italian; Treatment 5 = Melrose, Krasnodar) . 

Low temperature pretreatment consisted of leaving the pla.~ts under natural 

environmental conditions outside during the winter months. Pla.11ts not 

receivl~ low t amperature pretreatment were kept in the glasshouse under 

na tu.ral photo pe ri ous. For comparative purposes average monthly 

maximum and minimum temperatures are provided in Chapter 2. 

On August 23 1976 pla..>1ts in Treatments 3, 4- ai.--id 5 (Fi5,rre 12.1A) 

were placed into a 17 hour photoperiod . The same 17 hour photoperiodic 

conditions were used in this experiment aB in Chapter 8, a detailed 

description being provided in section 8.2. 

On November 15 ·1 976 plants in Treatments 1 and 3 were repotted into 

4800 cm3 pots. 

All plants received at various intervals a major element (NPKS) 

fertilizer application. 

After transfer into the 17 hour photoperiod stem elongation 

measurements for Treatments 3, 4 and 5 were Made at intervals of 10 days. 

The period when stem elongation began was also noted for the other 

treatments. 

On October 13 1976 data were collected from plants in Treatments 

3, 4 and 5. Due to no further plant growth these treatments were ended 

at this point. On December 21 and 29 1976 data. from all other treatments 

were obtained. Data obtained on December 29 1976 are presented in 

Table 12.3. 

:s. Seedlir.g Plants 

Seed of cv. Melrose was sown in the glasshouse on March 8 1976 into 

10 centimetre plastic pots containing an osmocote soil, nutrient mix as 

described in Chapter 2. When required, plants were repotted into 13 

centimetre plastic pots. 

Experimental treatments, each of 15 plants, a.re sho1"1ll in Figure 12.1:S. 

All plants received the same low temperature pretreatment, photoperiod 

and glasshouse environmental conditions as did the respective mature plante 

in section 12.2/A. 

On November 1 1976 data from Treatments 2, 3, 4 and 5 (a and b) were 

obtained on December 21 1976. 
Plants in this investigation of this chapter were not dissected to 



determine if inf lorescence initiation had occurred. When stem angle 

was noted the angle(! 5°) to the horizontal of the apical five 

centimetres of each stem was measured. 

12.3 Results 

A. Mature Plants 

A description of the plants' growth form and habit is provided in 

Table 12.1 to provide the reader with an indication of the growth form 

of the five cultivars after being held in natural glasshouse short days 

for five months. 

Table 12. 1 
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A description of adult plant growth form of plants in Tr&a~ments 3, 
4 and 5 (Fiis:u,re 12.1A) at August 5th after five months in the glasshouse 

under natural short days. 

Cultivar 

Melrose Giant Italian Krasnodar I 

Common 

% of plants having 27 29 25 9 0 
elongated stems greater 

than 3 .0 cm. 

% of plants with a prostrate 100 64 54 100 100 
growth habit 

% of plants with a semi- 0 14 19 0 0 
erect growth habit 

% of plants with &.'1 erect 0 22 27 0 0 
growth habit 

The main features shown in Table 12.1 are that a relatively high 

percentage of Italian, Giant and Melrose plants had stems that had 

elongated in warm short days and that also a relatively high percentage 

of Italian and Giant plants had an erect growth habit. All Common plants 

had a prostrate growth habit with no elongated stems. Melrose did have 

some plants with elongated stems, although all plants had a prostrate 

growth habit. It is also noted that on all plants of each cultivar 

elongated stems were prostrate. 
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In Figure 12.2 and Table 12.2, stem elongation, flowering and 

abortion data are presented for Treatments 3, 4 and 5. Figure 12. 2 shows 

that within 30 days all plants in all populations of the five cultivars 

that had received prior low temperature pretreatment had begun stem 

elongation in the warm 17 hour photoperiod. The most interesting feature 

shown in this Figure WM that there was overall for all cultivars (i.e. 

if data is bulked) a steady progression in time for all plants of each 

cultivar to have elongated stems a.a the length of the prior lo~ temperature 

treatment, measured in days, decreMed. 

Table 12.2 shows that thAre was no significant difference in the 

percentage of plants with macroscopically visible inflorescences or with 

blossoming inflorescences in populations receiving 175 or 55 days of low 

temper ature pretreatment. However the average number of days required 

to blossom, after transfer into the 17 hour photoperiod, decreased as the 

number of days of low temperature treatment increased for Melrose, Italian 

and Common , and to a lesser degree for Giant and Krasnodar. When 

comparing t~e T175 (i.e. 175 days of low temperature pretreatment) 

populations of each cul ti var Common was the first cul ti var to blossom 

followed by Melrose, then Italian, then Kra.snodar , then finally Giant. 

When comparing the T
55 

treatments it is shown that KrR.Snodar was the fi rs t 

to blossom, next wa.s Italian and Common, which waa followed by Giant then 

finally Melrose. ~ben T175 treated populations are compared to T55 
treated populations regarding average number of days to blossoming it is 

shown that for Melrose and Common there is a large difference, for Italian 

a small difference, and for Krasnodar and Giant there is no significant 

difference in the average number of days required for plants within each 

population to blossom. 

Table 12.2 also shows that there is no significant difference in the 

number of stems per flowering plant with macroscopically visible 

inflorescences within cultivars, although there are differences between 

cultivars. For example, Italian has less stems per flowering plant 

with macroscopically visible inflorescences than the other four cultivars. 

For all cultivara, as the period of low temperature pretreatment 

increased there was an increase in the number of inflorescences per 

flowering stem. In the T
55 

populations there was more variation between 

cultivara in the number of inflorescences initiated per flowering stem 

when compared to the T175 populations. In the T55 populations Common 

and Melrose had the least, and Italian had the most inflorescences per 

flowering stem. For all cultivars there was the unexpected result t hat 

as the period of low temperature pretreatment increased the number of 



Table 12.2 

Flowering characteristics for low temperature pretreated plants 

of Melrose, Italain, Giant, .Krasnodar, and Common, after treatment in 

a 17 hour photoperiod. T175 , T
95

, T
55 

indicate the number of days of 

low temperature pretreatment . Measurements were made on October 13 

1976. Where applicable SEM values are provided. Bracketed figures 

indicate the equivalent plants and their% inflorescence initiaticn 

when grown in the glaashoU!!le over the 1975-76 sea.son (Chapter 5). 

Melrose G-.1.ant Italian Krasnodarlcommon 

% of plants having 
;175 

60 100 100 100 100 
blossoming 

"95 100 100 75 80 100 
inflorescences T55 100 100 100 100 100 
% of plants having T1'75 100(40) 100(80) 100(80) 100(0) 100(0) 
inflorescence T95 100(60) 100(50) 100(80) 130( 0) 100(0) 
initiation T55 100( 50) 100( 100) 100(100) 100(0) 100(0) 
Av. No. days T175 26.7 35 .6 30.8 34.2 2:,.8 
to blossom + 4.65 - ?.67 5.05 2.1 3 4.30 

T95 36.0 35.5 38.7 33 .2 
!1.07 1. 55 1.67 2.92 

'fl +45-7 37o8 36.4 35 .2 36 .4 ·75 -2.81 3.34 2.09 3.29 1. 94 

Av. No. stems per T175 +7 .o 7.2 5.0 7. 0 7.4 
flowering plant with -0.89 o. 73 0.71 0.32 1.33 
macroscopically T95 7.e 6.0 s.o 5.0 7.4 
visible + 0.41 1.35 1.00 1.60 -1.20 
inflorescences T55 7.5 5.4 4.6 6.6 7.6 

+ 1. 12 o.68 1.63 1.29 -1.55 

Av. No. stems per T175 +3 .4 2.4 2.8 2.8 5.4 
floweriJ18' plant -1.60 0.93 o.66 0.73 0.60 
wi th blossoming T95 4.4 2.5 1.2 4.3 4.6 
inflorescences + 0.29 0.63 0.88 1 • 21 -1 .17 

T55 4.8 3.6 3.0 5.2 6.2 
+ 0.75 0.55 1.46 0.92 -1. 70 

Av. No . blossoms T175 s.7 4.0 5.a 3.8 11.4 
per blossoming + 2.03 1.88 1.07 4.47 -2.50 
plant T95 7.2 3.0 2.0 1.0 8.0 

!2.67 1 • 11 0.87 2.s7 2.77 

T55 5.2 6.0 5.6 7.8 12.0 
~2.66 1.26 1.08 2.94 2.74 

Av. No. blossolll5 T175 2.56 1 .67 2.07 1.36 2.11 
per blossoming T95 1.64 1.20 1 .67 1.63 1.74 
stem T55 1.08 1.67 1 .a7 1. 50 1.93 

(Continued overleaf) 



Melrose Giant Italian Krasnodar Common 

Av. total number T175 21 .2 25.4 17.2 15.8 23.8 
of visible To5 18.0 16.2 15 .0 15.6 19.4 
i nflorescences T55 14.4 13.8 12.8 14o0 14.0 
per plant 

Av . Total No. ;ns 3.02 3.53 3.44 2.26 3.22 
of visible 2. 31 2.70 3.00 3.12 2.06 
inflorescences per T~~ 1.92 2.55 2. 78 2.12 1.84 
flowering stem ) ./ 

Av. stem length T175 67.4 56.2 58.8 77 .4 47.4 
(Av. of longest + 4. 94 5.78 10.47 2.77 -s.54 
per plant) T95 70.8 52.2 57.7 73.0 40.6 + -10. 05 4.77 5.02 12.79 1.86 

T55 6') ? 40 .0 68 .2 87 .8 45. a + 
......... 

-9. 05 2.86 3.79 9. 14 2.60 
Overall Average 66 . 8 49.5 61.6 79-4 44.6 

% of aborted T175 75 84 66 76 52 
inflorescences To5 60 80 90 40 59 

T55 64 56 56 44 33 
Overall Average 66 73 71 53 48 

Av. No. abor ted T175 2.3 3.0 2.3 1.7 1.7 
inflorescenc'es/ T95 1. 4 2.2 2.7 1.3 1.5 
flowering stem ~ , . 1.5 , • 6 O.] 0.8 T55 I • C. 
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Figure 12.2 

The effect of 0--o 175,•--•95 and 6.-- 6. 55 days of 

low temperature treatment on the percentage of 'adult' plants 

with stem elongation after transfer to a warm 17 hour photoperiod 

on August 23 1976. 
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stems per flowering plant with blossoming inflorescences decreased. 

When comparing the number of stems per flowering plant with visible 

inflorescences to the number of stems per flowering plant with blossoming 

inflorescences it is noted that there were many flowering stems in all 

cultivars that had no blossoming inflorescences i .e. all in.florescences 

had aborted. 

Populations grown in the glasshouse had a low percentage of plants 

with macroscopically visible inflorescences when compared to the 

equivalent figures obtained with the same plants in the 1975-76 growth 

sea.son. For example, in the previous growth sea.'3cn 60 percent of 

the Melrose plants within the GA treated population flowered, the next 

growth season, and under equivalent environmental conditions, no pla.nta 

flowered (Table 12. 3). 
There was no significant difference in the time of blossoming 

between GH and GH/C treated populations for each cultivar, however, for 

Melrose, Italian and Common the C/C treated populations blossomed earlier 

than tho GH/C treated populations. 

The Giant and Italian plants that blossomed in the GH treatment had 

a low number of blossoms per plant whereas the low temperature treated 

populations had ma.71Y more. There was little difference in the number of 

blossoms per blossoming plant for the GH/C and C/C treated populations 

of each cultivar. 

B. Seedling Plants 

(i) Seedling plants transferred on August 2~ 1976 into the 17 hour 

photoperiod plus the natural outside environment treated population. 

For the above mentioned populations results are presented in Table 

12.4 and Figure 12.3 and a description of treatments is given in Figure 

12. 1B. 

Plants in each population had at lea.st one elongated stem, except 

one plant in the warm pretreated 17 hour population; (Treatment 6, 
Fi gure 12.1B), in fact for those plants with stem elongation the average 

mi nimum number of elongated stems occurred in population T135 , which was 

2.27 elongated stems; the highest number occurred in the natural cool 

environment treated population (Treatment 1, Figure 12.1B) which had an 

average of 3.86 elongated stems per plant with stem elongation. All 

elongated stems in the natural cool environment treated population had 



Table 12.3 

Flowering characteristics for Melrose, Giant, Italian, Kra...•modar 

and Common populatL:ms in the glasshouse (GH) environment; in the 

glasshouse environment over the main period of winter then tran,.9ferred 

into the natural outsi de environn1ent on August 23 1976 (GH/C); and in 

the natural outside environ.11ent (C/C) throughout winter and spring. 

Data were obtained from individual plan ts on December 29 1976. 

* Bracketed figures indicate the equivalent plants and their ~t 
inflorescence initiation when grown in the elasshouse over the 1975-76 

season (Chapter 5). 

% of plants with 
elongated stems 

No. elongated stems 
on plants with s tem 
elongation 

Av. No. stems with 
inflorescence 
initiating per 
flowering plant 

Av . length of 
longest elongated 
stem 

% of plants with 
macroscopically 
visible 
in.florescences 

% of plants with 
blossoming 
inflorescences 

Av. time when 
blossoming 
occurred 

Av. No. blossoms 
per blossoming 
plant 

GH 
GH/C 
c/c 
GH 
GH/C 
c/c 
Gli 

:!:sEM 
GH/C 

! sm 
c/c 

!sEM 

+GB 
-SEM 

GH/C 
!sEM 
c/c 

:sE?i 
GH 
GH/C 
c/c 

GH 
GH/C 
c/c 
GH 
GH/C 
c/c 
GR 

!sEI! 
GH/C 

+,..,'[;,al 
-.:>.DIJ! 

c/c 
:!:s.Ell 

Melrose 

20 
100 
100 

8.0 
14 . 0 
14.5 

14.0 
2. 12 
14 . 5 
4.63 

19.5 
4.50 
40.5 
3.77 
23 . 2 
6.24 

* O (60) 
100 (75) 
100 (50) 

0 
100 
75 

Dec. 14 
Dec. 7 

17.7 
5.66 
20.3 
4.37 

Giant I talian Krasnodar Common 

67 
100 
mo 
5.2 

14.5 
34.2 
5. 5 

1.12 
1 ,i . 5 
1 • 71 
34 .2 
5.73 
22.0 
3.24 
40.5 
3.43 
35.6 
2.46 

67 ( 83) 
100(100) 
mo (00) 

67 
100 
100 

Dec. 12 
Dec. 10 
Dec. 11 

8.0 

2.55 
31.2 
3.09 
37 .o 
5. 76 

50 
100 
100 

2. 5 
13.5 
,5.5 
3.0 

0 . 86 
13.5 
2.22 
15.5 
2.25 

19 . 5 
4.50 
37,5 
3.77 
35 .7 
6.21 

50 (75) 
100( 100) 
100( 100) 

50 
100 
100 

Dec. 10 
Dec. 15 
Dec. 1 

3 .o 
2.00 

28.25 
4.11 
12.25 
2.69 

0 
100 

0 
13.0 

0 

13.0 
3. 05 

0 

O (50) 
100(1 00 ) 

0 
100 

Dec. 19 

15.0 
2.64 

0 
100 
100 

0 
21 .7 
17.6 

C 

21.75 
:1 . 59 
17.60 
2 . 81 

0 

27.5 
2.53 
15.2 
3.81 

o ~o' 
100 ,o) 
100 (0) 

0 
100 

80 

Dec. 12 
Dec. 30 

28.25 
5.23 
20.0 
5.67 



Table 12.4 

Flowering characteristics for seedling Melrose plants pretreated 

with 175, 135, 95 and 55 days of natural low temperature environmental 

conditions and a population pretreated with warm glasshouse short day 

conditions (warm control) then transferred to the gl asshouse 17 hour 

photoperiod. In addition a population was left in the outside 

environment over winter and spring 1976 (Natural cool). S.EM values 

are provided. De.ta was obtained on Oc tober 20 1976. 

'rreatment No. 

Stem Elongation 

% of plants having 
elongated stems 

Av. No. elongated stelllS 
on plants with stem 
elongation 

Av. No~ sten~ with infl. 
initiation per fl owering 
plant 

Av. length of longes t 
elongated stem per plant 

Av. length of the longest 
blossoming stem/flowering 
plant 

:Flowering 

% of plants havi ng 
inflorescence initiation 

% of plants having 
blossoming inflorescences 

Av. No. days for first 
infl. on each plant to 
blossom 

Av . No. blossoms/ 
blossoming plant 

Abortion 

Av. No. abortions/plant 
with inflorescence 
initiation 

% No. of aborted 
inflorescences 

Av . No . aborted 
inflorescences per 
flowering stem 

Treatment 

Natural 17 hr. 
c ool WARM 

+ 

+ 

1 

100 

3.86 
0 . 34 

3.86 
0 .34 

41.0 + 2 . 88 

41.0 

100 

100 

CONTROL 

6 

94 

2.53 
0 . 29 

2. 10 
0 .2 3 

68.6 
8 . 00 

82 . 3 

62 

62 

Nov. 22 
+ 1.77 

43.30 
0.89 

7.64 
+ 0 . 82 

+ 
2.67 
0.53 

34 

1. 14 

2a 

100 

2.53 
0.29 

1.93 
0.22 

93 

87 

42.a5 
1.07 

2.10 
0.95 

32 

1.00 

3a 

100 

2.27 
0.21 

2 .14 
o. 18 

69.8 
4. 12 

73.2 

93 

80 

42 . 75 
1.35 

4. 42 
0.61 

2 .18 
0.30 

31 

0.00 

4a 

100 

2.87 
0.26 

2. 53 
0.26 

81,9 
4. 85 
81.9 

100 

93 

40.7 1 
1.35 

7. 64 
1.88 

2.11 
0.53 

25 

0.95 

5a 

100 

3.06 
0.21 

86.9 
4.01 

86.9 

100 

100 

41.06 
0.96 

1.69 
1.59 

1.73 
0.25 

17 

o.66 
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Figure 12.3 

The effect ofO --0175, e - • 135 -- • 95 and 6. - - b 55 days 
of iow temperature treatment on the percentage of 'seedlir.g' elrose 
plants with stem elongation after transfers Graph 1, to the natural 
environment within the glasshouse; and Graph 2, to an artificially 
extended photoperiod of 17 hours. All plants were transf erred into 
the glasshouse on August 23 1976. 
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inflorescence initiation whereas the other low temperature pretreated 

populations, and the warm pretreated 17 hour treated population, di d 

have some elongated stems ~ith no macroscopica.lly visible inflorescences. 

Figure 12.3, Graph Number 2, shows the rate at which plants within 

each :population began stem elongation when transferred into th<l 17 hour 

photoperiod. The main features of this gr~ph are (a) the slower stem 

elor.gation response .Ln the T
55 

population when compared to the other low 

temperature pretreatments and the control population and (b) the time 

taken to start elongating decrea.sed generally with increa3ed low 

tenperature treatment. 

With increasing low temperature pretreatment there was a decrease 

in the length of sterns when compared to the warm control pr etreated 

population (Trea~ment 6)~ the natural outside environment trE:ated 

population having the short est stems of all (Tabl e ·12.4). 

All populations, except the wa..'"111 cont rol pretreated population, had 

a high percentage oi plants with macroscopical]y vi~ible inflorescences, 

as was the ca.<:rn for the pe1·centage of plants having blo:crnoming 

inflorescences. However, as the pe~iod of low temperature pretreat~ent 

i ncreased the percentage of plants ~ith blossoming inflorescences slightly 

decreased. There were no significant differences between populations 

treated with a 17 hour photoperiod in the average number of days required 

for plants in each population to blossom. 

~hen comparing the average number of blossoms per blossoming plant 

it i s shown that the T175 , T135 and warm pretreated/17 hour treated 

populations had a lower number of blossoms per blossoming plant than did 

the T55 , T95 and cool natural outside environment treated populations. 

All 17 hour treated populations had a low number of aborted inflorescences 

per stem when compared to the populations remaining outside. In fact 

the outside treated population had 63 percent of its inflorescences 

aborted whereas the warm SD pretreated/17 hour treated population had 

only 34% aborted. The most interes~ing feature here was that as the 

low temperature pre t reatment period increased so did the percent age of 

aborted inflorescences. 

(ii) Seedling plants transferred, on August 23 1976, from the outside 

environment into the natural short day glasshouse environment. 

For the above mentioned populations results are presented in Table 

12.5 and Figure 12.3, graph number 1. 

Figure 12 .1B. 

Treatments are described in 



98. 

The percenta.;e of pla..11ts with stem elongation, when measurements were 

made on October 20 1976, varied between treatments, ranging from 67 to 87 
percent . An increased number of plants with stem elongation did not 

necessarily correlate with a longer period of low temperature pretreatment . 

T
135 

and T175 treatments had fewer elongated stcm3 on pl ants with stem 

elongation , and also shorter stems . From Figure 12 . 3 it is obser;ed that 

the T
55 

treated population was much slower to respond to the warm glasshouse 

environment than the T
95

, T
135 

and T175 treated populations. In addition 

the T
55 

and T
95 

treated populations had prostrate stema whereas the T175 
and T

135 
treated populations had elongat ed stems that were more erect. 

The T
55 

population had fewer plants with inflorescence initiation 

than the T175 , T135 and T
95 

populations, although, the T55 population had the 

highest number of plants with blossoming inflorescences , the fact there 

was a gradual increase in percentage blossoming from the T175 to the T
55 

popul ation . The T175 treated population also had fewer flowering ste~~ 

per flowering plant (Table 12 . 5). Fo the three po~Jlations that had 

plants that hlossomed the averaf:'.,'e time required for the first inflorescences 

on each plant to open a flower did not differ significantly. The T
1

~~ /., 
populat i on had the highest number of blossoms per blossoming plant 

(Table 12. 5) . 
The percentage of aborted inflorescences increase with increasing 

low teraperature pretreat ment , a l though the average number of aborted 

inflorescences per flowering stem decreased as the low temperature 

pretreatment increased (Table 12.5). 
When plants from the T175 , T135 , T95 and T

55 
populations were re­

examined on December 21 1976 there was no increase in the percentage of 

plants with inflorescence initiation (Table 12.5). One plant in the 

T
95 

population was the only plant from al l populations to have any more 

blossoming inflorescences . This plant did previously have inflorescence 

initiation but the inflorescences had abOrted; when blossoming did occur 

the first flower opened on December 5 1976 then only three inflorescences 

blossomed. 

12.4 Discussion 

Results i n Chapter 5 showed that 57% of Melrose, fJJ/o of Krasnodar 

and no Common plants f l owered when grown in the warm glasshouse, however, 

in this present study the data show that when plants have received low 

temperature treatment or low temperature pretreatment nearly all plants 



Table 12.5 

The effect of 175, 135, 95 and 55 days of low temperature pretreatment 

then transfer to natural warm short days on August 23, 1976 on reproductive 

development for Melrose seedling plants. The photoperiod in the natural 

warm glasshouse ranged from approximately 10.8 hours (late August) to 15 

hours (end of December). Data wa~ obtained on October 20 1976 . SEM values 

are provided. 

Treatment Number 

Stem Elo~ation 

% of plants having elongated stems 

P.V . No. elonga ted stems on plants 
with stem elongation 

Av. No. stem.a with visible 
infl'ces per flOW-"tl'ing pla..'1 t 

Av . le~th of longest elongated 
stem per plant 

Av. length of longest blossoming 
stem per flowering plant 

Av. angle to the horbzontal of 
elongated stems (! 5) 

Floweri!l:,B: 

% of plants having inflorescence 
initiation 

% of plants having blossoming 
in1' lorescences 

Av. No. days required to blossom 

Av. No. blossoms/blossoming plant 

Abortion 

% No. of aborted inflorescences 

Av. No. Aborted inflorescences/ 
flowering stem 

+ -
+ -
+ -

+ -

+ 

+ 

Low Temperature Pretreatment (days) 

T175 

2b 

67 

2.60 
o. 37 

2. 11 
0.31 

19.7 
4. 12 

27 .0 
6. 1 

60 

0 

0 

100 

1.94 

T 135 

3b 

73 

2.62 
0 .62 

2.7 1 
0.64 

18.3 
5.31 

37. 5 

42. 2 
9.2 

64 

18 

41.0 
2.00 

4.0 
1.00 

83 

2.00 

T95 T55 

4b 5b 

87 75 

3.38 3.17 
0.40 0.52 

2.80 2.43 
0.39 0.57 

21.4 21. 9 
3 .45 5.56 
30. 5 42 .9 

9.0 12 .o 
2. 2 3.5 

73 44 

27 31 

39.2 42.0 
2.36 1. 56 

3 . 0 2.75 
1.68 0.48 

73 77 
2.07 2.23 



within a population, in all cultivars, flowered. 

In a study such as this it is difficult to totally rule out the 

possible effects on inflorescence initiation of environmental factors 

99. 

other than low temperature (e.g. light intensity, wind, humidity etc.); 

however, it would be most unlikely that these have any significant effects. 

The effect of lower intensity light during the winter months can at least 

be ruled out a.3 plants kept in the glasshouse do not initiate 

inflorescences. 

For all plants of each cultivar to flower in a 17 hour photoperiod 

only 55 days of natural outside low temperature pretreatment was necessarJ. 

However , if a longer period of low temperature pretreatment was allowed 

then plants, after transfer to the warm 17 hour photoperiod, will blo~som 

earlier, this was especially so for Melrose and Common. After 175 days 

of low temperature pretreatment Melrose and Common blossomed earlier than 

Giant, I talian a..~d Krasnodar. After only 55 days of low temperature 

pretreatment Melrose was the last, by a period of seven to eight days, to 

blossom (Table 12.2). Thus it can be concluded that although only 55 
days of l ow temperature treatment are necessary fo~ all plants to flower 

any further low tempe:::ature treatment will (a) ha.sten the time t o 

blossoming when plants are transferred to long days and (b) incre~c:ie the 

number of inflorescences per flowering stem and the number of blo~30lll5 per 

blossoming stem (Table 12.2). 
In Table 12.3 it is shown that all cultivarz that had low temperature 

treatment had elongated stems, whereas, some plants that were kept in the 

glasshouse over winter and spring had nc elongated stema. A.11 plants in 

each cultivar receiving low temperature treatment had inflorescence 

initiation whereM no Melrose, Krasnodar and Common plants and only 67 and 

50 percent of Giant and Italian plants respectively had inflorescence 

initiation in those populations receiving no low teMperature treat~ent. 

Figures within brackets in Table 12.2 and 12.3 represent the percentage 

of plants ith inflorescence initiation for the same plants in each 

population that were grown in the natural environment within the glasshouse 

over the 1975-76 season (Chapter 5) . From these figures it can be 

observed that, except for one Krasnodar plant from the T95 treatment in 

Table 12.2, all plants within each culti var that did not have inflorescence 

initiation l a.st growth season (1975-76) did so when each had received 

low temperature pretreatment or low temperature treatment. However, one 

observes in Table 12.3 that some plants that flowered last season (1975-76) 
in the glasshouse did not flower this season under equivalent conditions. 

One possible explanation for this decrease in the percentage of plants 
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with inflorescence initiation for Melrose, Giant, Italian and Krasnodar 

populations might have baen a pot size effect as described in Chapters 

7 and 8. T:J test if this was so individual plants f rom each cul tiva.r 

100. 

were re potted into 4800 cm3 pots on December 29 , 976 and left in the glasshouse. 

These plants were left until Fetru.ary 10 1977 and of these only one 

Krasnoda:r- plant had initiated inflorescences, however, they all aborted ~ 

This result does not, however, totally rule out the possible effect of 

pot size as plants might have been initially inhibited when grown in the 

smaller pots and t he effects of th.i.ti were 3till blocking reproductive 

development when plants were repotted. 

It would appear also that the GH/C and c/c treatments (Table 12 . 3) 

may also have been initially affected by pot size before plants were 

repotted into the 4800 cm3 pots. For example the seedling Melrose plants 

(Table 12.4) blossomed on November 22 1976 whereas the equivalent Melrose 

ad~lt pl ants (Table 12.3) did not blossom until December 7 1976 . 
Because of the ·:iifficulty in rr:;;.intaining an adequate soil moisture level 

within the pots under the outside, and often windy, environmental 

conditions plants in L·,, GH/C and C/C treatments ere transferred from 

the 1400 cm3 tc the 4800 cm3 pots. In the 6laashouse the plants root 

system.ra when kept in 15 centimetre pots (volut'le = 1400 cm3) -::oulJ b-a 

kept moist by using the sub-irrigation technique for watering~ 

In Table 12.3 it is shown that the C/C treated Melrose , Italian and 

Common plants blossomed earlier than the GH/C treated populations. 

However, for Giant all population .. '3 (GH, GH/C, C/C, Table 12.3) blossomed 

at a 9imilar time. This suggests that Giant might not have a.ny low 

temperature requirement, or low temperature interaction effect with 

photoperiod and that the main dominating influence that controls flowering 

is pho t operiod. Hcwever it wa.s noted on August 23 that Ciant plants 

grown outside in cool short days did have aborted inflorescences on their 

stems. From this observation one can conclude that low temperature 

treatment does stinrulate inflorescence initiation, however, it does not 

effect complete inflorescence development. It appears that in Giant 

the later s t ages of inflorescence development was controlled by photoperiod 

alone with no interaction effect with t emperature. Where comparisons can 

be made it is shown that the other cultivars do respond to low temperature 

treatment and that a low temperature x photoperiod interaction brings 

about earlier blossoming. 

In the later experiments of this Chapter, where only seedling Melrose 

plants were t ested, i t is shown that 55 days of low temperature pretreatment 

followed by warm 17 hour photoperiod treatment was enough to satify the 



low temperature r equirement for all genotypes within this cultivar. It 

can be noted (Table 12.4) that the T175 , and to a lesser extent the T135, 
populations have relatively low figures for: too average number of stems 

101. 

with inflorescence initiation per flowering plant, the length of the longesi 

elongated stem per flowering plant, the length of the longest blossoming 

stem per flowering plant, the average number of blosso~s per blossoming 

plant and the percentage of plants with blossoming inflorescences, when 

compared to the T
55 

population. The only explanation that I can put 

forward for this result is that when the T175 and to a less extent the T135 , 
populations were placed outside plants were very small; under the cool 

outside environment growth was slow, while at the same ti,ne plants (e.g. T
55

) 
still kept in the warm glasshouse were undergoing rapid growth. Due to this 

growth difference the response to low temperature treatment might have been 

lowered because of les vegetat.ive development. Interacting with this, a 

plant age effect may have been affecting the results, that is, plants under 

i deal conditions for growth might reach the ' adult ' stage earlier t han slow 

gro'tlrin _ plants.. By the time all plants were brought into the glasshouse on 

Aug1.1St 23 1J7G there was r,.) visible difference in the s ize of plants in the 

T17 - population compared to those in the T
5

c:; popalation. 
I ) ~ 

In Table 12.5 the plant size/age effect, as de9cribed for r e3ults 

presented in Table 12.4, for the longer low temperature pretre~ted plants 

again showed up (e.g. percentage of plants having elongated stems, percentage 

of plants having blossoming inflorescences). 

When low temperature pretreated plants were transferred to the glasshouse 

it was noted that the population having received only 55 days of low 

temperature conditions had only 44 percent of the plants with visible 

inflorescences whereas the equivalent but 95 day low temperature treated 

population had 73 percent of plants with visible inflorescences (Table 12.5) 
One can interpret from this that most of the T

55 
treated Melrose plants 

probably had just begaun initiating inflorescences when they were transferred 

to the glasshouse and because of this few plants were (a) not able to 

develop their inflorescences further in warm short days because they were 

at a very young stae;e of development at transfer or, (b) that not all plants 

had initiated inflorescences at the time of tranfer to the glasshouse. It 

would appear that after 95 days of low temperature pretreatment most plants 

would have initiated and developed inflorescences to at least stage 4 (Table 

4.1) and so could be readily observed at a later stage even if t hey aborted 

immediately on transfer to the glasshouse. 

There was no increase in the percentage of plants with inflorescence 

initiation or the percentage of plants having blossoming inflorescences 



102~ 

(Table 12 . 5) wher_ these same p:'..ants were :re- examined on December 21 1976. 

Thus it can be concluded that Uelrose plants can not "hold" the low 

tenperature pr1:;treatment effect i n warm short days for later mo~e 

favourable wa...-..n long day conditions. From this it bppears th~t the 

changes taking _lace within the plant during low temperature treatment 

are not irri:ve:rni ble. La..r'le and }t.elchers ( 1947) for Hyos e;yamu.e and 

Schwabe (1971) for chrysanthe:num have observed a sin:ilar 2ffect. 

It was noted that the av~rage angle to the horizontal of elor,eated 

stema in the T
175 

and '11

135 
treated populations was 1:i1,:her than the T

55 
or T

95 
treated po1mlations ('I'able 12.5). Elongated steITl.'3 from 17 hour 

and natural long day treated populatic•na were always erect. It appears 

that under warr.i short day condi tion.s pl ants can elongate their ste!"'..s only 

in a prostrate ::ianner (as descrihed for the elongated stems in Table 12.1); 

under long day conditions elongated stems are erect. However, if plants 

have up to 135 days of low temperature pretreatment then stems can elongate 

their stems .only ln a prostrate r.anner (a3 described for the elongated 

stems in Table 7? . 1); ·_:·idnr lonz da:l conJ l i,i_ons elongat1=d ::,t&m'' ,,.re 

erect. Eo·.rever, if plants :iave up '"~> 1 :5 daya of lov; ten;.,eratUJ'e 

pretrea.tc-.ant then stens can elonsate in a more erect :nann1::r under wz.rm 

short day environmental condiiiol1B (PlH.te 12.1). 

Ir. Table 12.2 it is observed that the percentage of aborted 

inflorescences increase as the lo temperature pretreatment increased. 

This trend showed up most clearly in those cult.i.vars that. flowered in the 

glasshouse (Chapter 5) over the 1975-76 growth season. ]'or example, in 

the Giant T
55 

treatment 56 percent of the inflorescences aborted whereaa 

in the T
175 

treatment 84 percent of the inflorescences aborted. The 

reason for this high percentage, and also increase with increasing low 

temperature treatment, of aborted inflorescences was due to the fact that 

sainfoin initiates inflorescence over the N.Z. winter period in short days 

(also refer to Chapter 13, section 13.1 ). However, under outside short 

day conditions inflorescence development cannot proceed pa..~t stage 5 

(Table 4.1). When a.n inflorescence reaches this stage in development it 

aborts thus plants left outside for longer periods would be expected to 

have a higher percentage of aborted inflorescences. 

Within the same Melrose population (Table 12.4) the percentage of 

aborted inflorescences was highest in the T175 population and lowest 



Plate 12.1 

Stem elongation. The plant on the right with erect stems received 

a 17 hour photoperiod after low temperature pretreatment. The plant on 

the left received natural glasshouse short days (late August) after low 

temperature pretreatment. On this latter plant note the prostrate and 

semi-prostrate elongated stems. 



in the T55 population. The same explanation a.a presented earlier 

accounts for this. Added weight for this explanation comes from the 

percentage of aborted inflorescences in the natural cool outside treated 

population (i.e. 63%). Stems from these plants showed a definite 

abortion pattern with the first formed inflorescences nearly always 

aborting. 

This abortion pattern is described below. 

A A A A A F F F F F A A A 

\ 
I I I : ) 

------- I 
apex 

stem node 

Ac aborted inflorescence 

F = Bloasomng inflorescence. 
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On some stems the first five to six formed inflorescences had aborted. 

This pattern and higher percentage is explained by the short photoperiod 

conditions when these inflorescences were initiated. Cool short days 

allowed plants to initiate inf'lorescences, but, there was a long day 

requirement for continued inflorescence development. 

The results of this Chapter will be compared and contrasted to results 

obtained by previous authors for other closely related 1€gumes in Chapter 15. 



CHAPI'IB 13 

THE EFFmT OF FHOTOPERIOD ON CONTINUED INFLORESCENCE DEVELOPMENT AFTIB 

LOW TE1vfPERATURE PRETREATMENT 

13.1 Introduction 

Results presented in Chapter 12 indicate that certain genotypes of 

sainfoin require low temperature pretreatment before they can initiate 

and develop inflorescences, and that initiation can occur under cool 
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environmental conditions in short days. The main photoperiodic treatment 

in that study was 17 hours, hence no indication was obtained on the effects 

of low temperature pretreatment on the critical photoperiod required for 

continued inflorescence development. 

Previous studies for other plant species have revealed that in some 

cases the photoperiodic requirement is modified by low temperature or low 

temperature pretreatment. For example, the biennial sugarbeets require 

both thermo-induction and long days but with extended cold treatment 

become capable of flowering in short days (Owen _tl al, 1940). In other 

cases low temperature pretreatment can lower the critical daylength (Evans, 

1959 a, b, Trifolium subterraneum; Rahman and Gladstones, ·1972, L!-]-pinus sp; 

Thomas, pers. comm., Lotus pedunculatus; Britten, 1960, Trifolium repens. 

The initial aim of this present investigation was to determine the 

critical photoperiod of plants from within a low temperature pretreated 

cv. Melrose population, that is, to test the effects of vernalization 

(Lang, 1965). However, it has been demonstrated from results presented 

in Chapter 12 that sainfoin can initiate inflorescences while under short-

day low temperature treatment. In addition, before photoperiod treatment 

began in this present experiment eight low temperature treated Melrose 

plants were dissected and inflorescence initiation was observed to have 

occurred with stages of development in each plant ranging from stage 1 to 

stage 5 (Table 4.1). One of those plants had initiated eight inflorescences. 

However, it was observed that any plants with inflorescences older than 

the youngest stage 5 inflorescences (Table 4.1) always aborted. 

As sainfoin plants under low temperature treatment will initiate 

inflorescences this present investigation was aimed at determining the 

critical photoperiod for continued inflorescence development under warm 

environmental conditions. 



13 .2 Materials and Methods 

On March 8 1)76 Melrose seel was sown into 10 centimetre plastic 

pots containing an osmocote soil/nutrient mix. AJ.l seedlings were 

initially kept i1t the glasshouse. On April 8 1976 all plants were 

transferred into the outside environment (see Chapter 2). On August 

23 1976 all plants were returned to the glasshouse. 

On At1eust 23 1976 photoperiod treatments began. These consisted 

of a natural photoperiod control treat ment plus photoperiod treatments 

of 12¾, 13½, 14¼ 1 15 and 17 hours. Photoperiod treatments were given 

in the photoperiod boxes in the glasshouse (see Chapter 2 for a more 

detailed description) with each treatment having 15 plants. 1'he 

photoperiod fo the control population ranoed from 10,7 to 13.2 hours 

du..r.ing the period of this experiment . 

At 10 day intervals, starting from when photoperlodi.c treatment 
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began, stem elongation dat~ were collec ted. Plants with stem elongation 

were defined ~9 those having an i nter node with a visible length of three 

to four millimetres. The blossoming date for each plant wa.s !loted. 

On October 15 1:;>76 measurenents in Table 13.1 were obtained. 

Thro11ehout the duration of photoperiodic treatment daily ma.urrnun and 

minimum temperatures were recorded wi thin one photoperiod box. The 

average daily maxi~um was 26.63°c and the minimum 15.54°c. 

Results 

(a) Stem elongation 

For photoperiods of 14¼, 15 and 17 hours all plants produced elongated 

stems in photoperiods of 12¾ and 13½ hours 87% of plants in both 

populations had elongated stems. 27% of plants in the natural photoperiod 

control population had elongated stems (Table 13.1)8 For photoperiods 

13½ and less the rate at which plant9 began elongating stems was lower 

than that fo~ the lontser photoperioda. Average rate at which plants 

begin elongating stems waa similar for populations receiving photoperioda 

14¼, 15 and 17 hours (Figure 13.1). 

The length of the longest elongated stem per plant in each population 

and the average length of the longest blossoming stem per pl,ant per 

population, increased w.i th increasing photoperiod. 

Except the control population which had prostrate stems, stems of all 



Table 13.1 

'rhe effect of photope:ri d on stern elongation, flowering and 

inflorescence abortion in low temperature pretreate1 Melrose plants. 

(1 SEM values provided). 

Photoperiod treatment 

Control 1 '-'~ '-·• 
Stem Elongation 

% of plants with e l ongated stems 

av. No. elongated stems/plant on 
plants with stem elongation 

Av. No. stems with inflorescence 
initiation per flowering plant 

'27 87 

1.25 2.54 
+ -0. 25 0.31 

87 
2.54 
o. 33 

·1 .25 1.78 2.17 
:!:0.25 0. 28 0.27 

Av. length of the l onges t stem 20 .8 18.8 28.6 
on plants with elongated ste!ll5 (cm) :5.99 3. 88 4.23 

Av. length of the longest blosnoming 25.3 27.0 39.3 
ste~ per flowering plant (cm) 

Flowering 

% of plants having macroscopically 
vis ' ble inf~orescences 

% of plants with blossoming 
inflorescences 

Av . No. days re uired for first 
infl. on each plant to blossom 

Av. No. blossoming inflorescences 
per blossoming plant 

Av. total No. macroscopically 
visible i~florescences per pl ant 
with inflorescence initiation 

27 60 

?O 40 

42.3 45.3 
!1 .45 2.01 

1 .67 ?. . 33 
"!:0.33 0.61 

3. 92 5.77 

80 

47 

43.7 
2.79 
3.0 
0.90 

7.25 

100 

2.47 
0.24 

2.27 
0.19 

27 . 5 
3.61 

33.0 

73 

53 

41.0 
1.73 
3. 12 
0.67 

7.76 

15 

100 

2.27 
0.23 

2 .14 
0.25 

39.6 
3. 56 

48.8 

87 

87 

41.3 
1.43 

3. 77 
0.53 

7.44 

17 

100 

2.07 
0 . 25 

2.00 
0 .27 

41.3 
s.n 
45.9 

73 

73 

41.2 
1 .80 

2 .09 
o. 37 
4.81 

Av. total No. macroscopically 3.13 3.24 3.34 3.41 3.48 2.40 
visible inflorescences per 
flowering stem 

Av. No. blossoms/stem on plants with 1.33 1.81 1.38 1.37 1.77 0.82 
macroscopically visible inflorescences 

Abortion 

% of inflorescences aborted 57 74 

Av. No . aborted inflorescences/plant+2.25 3.44 
with visible inflorescences -0.63 0.93 

Av. No. aborted inf'lorescences/ 
flowering stem 

1.80 1.43 

71 

4.25 
0.62 

1.96 

67 

4.64 
0.73 

2.04 

47 

3.67 
0.59 

1.71 

54 

2.72 
0.74 

1.58 
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The effect of low temperature pretreatment: 

photoperiod on the percentage of plants with stem 

elongation. Treatments includes •---• natural 
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o---o 14¼ hours, o---0 15 hours, "1- "1 17 hours 
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plants with stem elongation in the various photoperiod treatments were 
erect. 

(b) }'lowering 
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Only 27% of the plant$ in the natural photoperiod ~ontrol population 

initiated in.floreecences; in photoperioda of 13~ , 14:t, 15 and 17 hours 

the percentage ranged from 73% to 87%; in the 12J hour photoperiod only 

60% of the pl ants had inflorescence initiation (Table 13.1). 

In the shorter photoperiods (14: hours and leas) some plants in each 

population with inflorescence initiation had all inflorescences aborted. 

In photoperiods of 15 and 17 hours, blosooming occurr ed in a l l plants 

that had macr0scopically visible inflorescences (Table 13.1, Figure 13.2) . 

There was no difference in the average time required for plants to 

start blossoming in photoperiods,14-¼, 15 and 17 hours, but for photoperiods 

13~- and 12i hours, rrogressively more time was r equired fo r blossoming 

("rable 13.1, Figure 1303) . In the natural photoperfod C".>ntrol population 

only three pl an ts blossomed, 0r1e blossoming J ate .in comparison to the 

0ther two (i.e. 45, 42, 40 days to blossoming). This had the effect of 

lncreasing the aver~~e . 

There was a11 increase, with increasing photopP..dod, in the total 

number of inflorescences per plant up to the 14t hour photop0riod. At 

the 15 hour photoperiod there were slightly fewer (i.e. compared to the 

14-¼ hour photoperiod), although, at the 17 hour photoperi.od there were 

significantly fewer i nflorescences per plant when comfared to the other 

extended phot operiod treated populations . 

On examination of the number of inflorescences per flowering stem 

for each population it is observed that only the 17 hour treated 

population had s i gnificantly fewer. Results for the number of blossolll8 

per stem with visible inflorescences show the same trend. 

(c) In.florescence Abortion 

Excludill€ the control population, the percentage of inflorescences 

aborted decreased as the phot operiod increased. There were fewer 

aborted inflorescences per plant in the 15 hour photoperiod treated 

population, becoming even lower in the 17 hour photoperiod treated 

population when compared to the 13½ and 14¼ hour treated populations 

(Table 13.1). In the control population only four plants had 

macroscopically visible inflorescences. 
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The effect of photoperiod on the number of days required 
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Figure 13.2 

The effect of photoperiod on the percentage of plants with 

macroscopically visible inflorescences (circles) and 

the percentage of plants that blossomed (squares). 
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Figure 13.4 
The effect of photoperiod: low temperature pretreatment 

on the ( t:.---t:.) number of blossoms per blossoming plant, 

the (o---o) number of abortions per plant with inflorescence 

initiation, and (•---•) the total number of inflorescences 

per plant with inflorescence initiation. NB A few plants had 

inflorescences that were at stages 7 to 9 (Table 4.1). These 

were developing in a normal heal thy manner and. so were included 

with the blossoming inflorescences. 
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Discussion 

To have at least half of the plants in a Melrose low temperature 

ehort day pr etreated population reach the blossoming stage a photoperiod 

of ·14t hours or hi6her was required, although, in the lower pho toperiod 

t r eated populations some genotypes ~ithin each population did have 

blossoming inflorescences. 

In the previous chapt~r (i.e. 12) it was noted that sainfoin plant s 

initiate inflorescences durine; the cool 5nort day winter sea.gon at 

Palmerston North. Therefore, when the plants in this present study were 

transferred into the glaashouse in late August nearly all of the plants 

would have already initiated inflorescence3 (refer also to section 13.1 

paragraph 4). Therefore this study is examining the effects of photoperiod 

on continued inflorescence development to the stage of blossoming. 

The reason why the control popul ation had a low percentage of plants 

with macro~copically visible inflorescences (Table 13. 1) ls because ma.-.zy 

of the inflorescences on these plants prorably did not develop .further 

~hen the plants were transferred to the glasshouse, thus these inflorescences 

were too small to be observed and Vii th tine w,mld have decayed . 

Melrose plants when cont i :11.tally grown in the glasshouse began 

inflorescence initiation when the photoperiod was approximately 14.9 hours 

(see Chapter 11, section 11.4). '//hen a :population wa.'3 left outs ide , 

blossoming occurred, on average, on November 22 (Table 12 .4). 'l'he 

photoperiod at this time was approximately 14.6 hours. In this same 

population stem e longation began when the natural photoperiod was around 

13.0 hours , and soon after this visible inflorescences began appearing. 

As already noted , a photoperiod of at least 14.0 hours was required for 

~ost l ow temperature short day pretreated plants to have blossoming 

inflorescences. Thus it would appear that sainfoin can i nitiato 

inflorescences in cool short days , however, longer warmer days of 

approximately 14 hours duration are required before inflorescences can 

reach oaturity. 

As Melrose is a heterogeneous cultivar with regard to reproductive 

development one would not expect a Melrose population to display an even 

critical photoperiod response as would be expected with clonal material. 

For photoperiods 12¾ hours and above mo.st low temperature pretreated 

plants had elongated stems. For photoperiods 13½ hours and above (and 

to a lesser extent 12¾ hours) most plants (73 to 87%) had visible 

inflorescences. However, populations having a high percentage of plants 

with blossoming inflorescences occurred only in photoperiods 15 and 17 hours. 



Thus one could conclu b that in a low terr.peratu.re pretreated 

population of Melrose under artificial photoperiod treatment in the 

glasshouse that: (a) stem elongation can occur in rhotoperiods of 
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i ~¾ hours and above; (b) continued inf J.o-i:-cscence development to mitnri ty 

will occur i:1 most genotypes :.Jf 1r:elrose at photoperiods of 13~ hours and 

above wi t h only somo t_;en0 types being able to develop mature infl orescences 

e.t 12J hours; (c) high percentages of plant.s with Lo somi.ng 

inflo::.:escence~ occurred in photoperiods 15 and 17 1ours v. i. th lower 

percentages occurring in 1?i to 14~ hourn . 

In summary the result~ of tr:is j_nvcu ti cat ion of ~he r-rj t ical 

photoperiod for blossoming of M&lrose followinG l on temperature pretreatment 

ah ow that with increasing pr.otoper.; od; the percentage of pl anta p1?r 

ropulation haYin<:: inflorescence initiation increa..c:ies, the number of plants 

per population having blos3orling i nflcrcdcences increc.ses , the munber of 

bloss olllS per plant i>1crease':l , the percentage of aborted infloresc~ncea per 

population decro2ases, and the t ime relj_u1. i:-eC: f or the f :..rnt i nflorescence of 

each plant. to blossom decred..9es . 

Howevr,.r when exn.mining ':'able 13 . 1 and the C':Urve:s in Fit, i:re 13 .4 it i s 

noted that the 17 hour photoperiod , ar.1! t o a lesflE:r ext e,.t the 15 hour 

photoperiod , 0fter, dev.late fron the trend described in thtJ al::ove paragraph . 

This fa most noticeabl e in Fi ture 13 .4. 

T,10 possible explanations can oe sugg1::sted to explain tris observation 

in Figure 13.4. Firstly plants receiving low ternperature pretreatment 

may acquire a build up of a ' vernallzation factor• and on transfer to 

warm long days this factor is lost (e.g. not synthesized , degraded, all 

used up) . 

Secondly , on transfer to V!arm lo~ day photoperiodic conditions the 

produc tion of a ' senescence factor' (s - factor) might be greater than 

the production of a ' f l owering factor' (F - factor), This also would 

be deterrained by the length of the photoperiodic treatment. 

These possibilities will be exrunined in greater detail in Chapter 

15 using results from throughout t his thesis. 

It was also noted that those stems that elongated on plants in the 

extended photoperiod treatments were always erect, whereas , elongated 

stems on plants in the control natural daylength population were 

prostrate. It is di fficult to determine why t his difference occurred, 

however , it is probably related to the fact that the light supplement ~as 

of a different quality to that of natural light. Possibly the light 

supplement had more far red light than 'natural' light and this increased 
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the s ensitivity of the pL::;.nt tisrme to a growth factor(s) that controls 
stem orientation. This aspect i s discussed in more detail i n Chapter 



CH.AFTER 14 

THE EFF~'r CF LOW T:Eli1:PER.ATURE OH F'LOWERING AT VARIOUS DAYLl<;NGTHS 

14.1 Introduction 

Within a."ly popula tion of ev. Melros e grown in the glasshouse 

environment under natural photoperiods approximately 50 percent of the 

plants do not flower (Chapter 5). Low temperature pretreated Melrose 

populations receiving artificially extended photoperiods of 15 and 17 
hours in the gla.sshouse had 87 percent and 73 percent respectively of 
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of the plants within each population that had blossoming inflorescences 

(Chapter 13). However, all plants blossomed in equivalent populations of 

the same age that were left under natural environmental conditions over 

both winter and spring (Chapter 12). Thus the question that needs 

answering is whe t her a Melrose population requires direc t low t emperature 

treatment under long photoperiods for 100 percent of the genotypes within 

t hat population to blossom. 

It h~~ been found that in some plant s with both a cold and long day 

requirement, cold treatment under long days (called photothermal induc t ion , 

Owen~ al, 1940) may promote flower formation and development more 

effectively than vernalization followed by warmer long days . This has 

been clearl y shown in su.garbeets (Owen et al, 1940). 

The a im of this pr esent investigation was to determine the effects of 

long days on f lowering of plants grown a t low temperatures. 

14.2 Materials and Methods 

On March 8 1976 Mel rose seed was sown into 10 centimetre pl astic pots 

containing an osmocote soi l/nut rient mix. Unti l photoperiodic t reatments 

began on August 23 1976 all plants were kept i n the glasshoW:le in natural 

photo periods. 

On t hat day plants were placed in the outside environment as described 

in Chapter 2. Treatments, each of 15 plants, consis ted of photoperiods 12, 

12¾, 13½, 14¼, 15 and 17 hours plus a natural photoperiod control. To 

avoid rainwater coming in contact with the lamps, photoperiod boxes as 

described in Chapter 2 were positioned under a covered walkway (Plate 2.3). 
Twenty days after photoperiod treatments began, all plants were repotted 

into 13 centimetre plastic pots (osmocote mix). On November 13 1976 , when 

t he natural photoperiod. had reached 14.3 hours, populations receiving 



photoperiods of 12, 12i, 13} hours and the control population were 

left outside in the natural environment. Thus when each of these 

treatment populations was left in the natural environment outside, the 

natural photoperiod was higher than the photoperiod it initially 
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received when it was kept in the photope r iod boxes. The 14¼, 15 and 17 

hour photoperiod treated populations remained under artificial photoperiod 

treatment throughout. 

At 10 day intervals starting from when photoperiodic treatment began 

stem elongation data were collected; in addition, the blossoming date 

for each plant waa noted. On November 22 1976 measurements in Table 14.1 
were obtained. At this date the control natural photoperiod plants were 

ju.st beginning to respond to the natural increasing photoperiod by 

increasing the angle of their leaves to the horizontal (i.e. as described 

in Chapter 5 section 5.2 (a). 

Because when measurements were first made on November 22 1976 the 

oldest inflorescences on some plants in the shorter photoperiods were only 

at stages 8 and 9 (Table 4.1) the figures for percentage of plants having 

blossoming inflorescences and the average number of days required for the 

first flower to open were obtained on December 2 1976. 
:F'or each elongated stem the angle (:!: 5°) to the horizontal of the 

apical five centimetres was measured at the time of final harvest. 

Throughout the duration of photoperiodic treatment average daily 

maximum and minimum temperatures, recorded within one photoperiod box, 

were 16.02°c and s.24°c respectively. 

The photoperiod for the control population ranged from 10.8 to 14.8 
hours during the period of the experiment. 

14.3 Results 

(a) Stem Elongation 

For longer photoperiods the time required for .plants to begin stem 

elongation was shorter. For example, approximately 30 days were required 

for 20 percent of the plants in the 17 hour treated population to have 

elongated stems whereas approximately 85 to 90 days were required for 

20 percent of the plants in the 12 hour photoperiod population to have 

elongated stems (Figure 14.1). In addition populations receiving 

shorter photoperiodic treatment had lower final percentages of plants 

with elongated stems (Figure 14.1, Table 14.1) and lower stem length 



Table 14 .1 

The effect of photop< r iod on stem elonghtion, flowering and. 

inflorescence abortion in low temperature treated Melrose planta.SEM 

values are provided . Measurements were made on November 22 1976. 

PiIOTOPlfilIOD TREATMENTS (hours) 

Control 

Stem Blongation 

% of plants with stem elongation 

Av. No. eloneated stems on 
plants with stem elongation 

Av. length of the longest 
elongated stern per elongated 
plant (cm.) 

Av. le~th of all elongated stems 
( cm) 

No. of flowering stems/treatment 

Average steo a.ng·le (degrees) 

Flowerin_g_ 

% of pLnts with macroscopically 
visible inflorescences 

% of plants having blossoming 
inflorescences 

Av. No. days required for first 
inflorescence on each plant to 
blossom 

Av. No . macro3copically visible 
inflorescences/flowering plant 

20 

2.33 
+ -0.88 

6.33 
:1. 76 

+ 
5. 16 

-1. 17 

6 
c:J.71 + . 

- 3.69 

0 

+ 

6 .50 

Av. No. macroscopically visible 1.08 
inflorescences/flowering stem 

Av. No. blossoming inflorescences/ 0 
blossoming plant + 

Abortion 

% of inflorescences aborted 

Av. No aborted inflorescences/ 
flowering stem 

0 

12 

33 

8.80 
3.51 

5.80 
1.39 

10 

0.33 
4.10 

,10 

3.33 
1.05 

8.33 
3.33 

67 
2.80 
0.54 

12.50 
2.94 

5.33 8.78 
1.25 1.38 

13 26 
37078 7.68 
3.57 3.28 

27 13 60 

0 7 

98.0 95.0 

4.50 

2.22 

0 

0 

14,5 

1 • 11 

2.00 
0 

0 

13 

92.0 

2.00 
0 

23 

73 
3.09 
0.47 

17.68 
3.35 

12.03 
2.20 

31 
13.91 

4. 16 

15 

87 

3.38 
0 .42 

9.92 
3.80 

13-74 
2.27 

30 
20.93 
5.55 

60 60 

7 27 

92.0 90.43 
4.26 2.61 

2.38 1.99 

4.00 3.50 
0 0.64 

15 26 
4. 40 

100 

3-3~ 
0.3; 

55 . 5d 
3. 30 

I 

46.3 
4 . 01 

42 
86 . 5 
1.4 

100 

87 

e2.3d 
2.021 

11. 21 

4.46 
0 . 74 

32 
3 40 
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measurements (Table 14.1). From Figure 14. 1 it can also be observed 

that once the first plants in each population had begun to elongate 

their stems the rate at which the rest of the plants in the respective 

populations began to elongate their stems decreased with decreasing 

photoperiod. For exrunple, in the 17 hour treated population only 30 

days were required for all plants to elongate their stems, whereas, in 

the 15 hour treated population 60 days were required. 

The total number of stems with inflorescence initiation per treatment 

increased as daylength increased, espec ially in photoperiod.s of 13J hours 

and above (Table 14.1). Stem angle also showed an increase to the 

horizontal as photoperiodic treatment increased, with the 17 hour 

photoperiod treated population having an average angle of 86.55°. 

(b) Flowering 

AB photoperiodic treatment increased there was an increase in: 

the percentage of plants with macroscopically vL5ible inrlorescences, 

and the percentage of plants with blossoming inflorescences. The average 

number of days required for the fLrst inflorescence on each plant to 

blos som decreased with increasing photoperiod (Table 14.1, Figure 14.2). 
On those plants the flowered, there was a general trend in that with 

increasing photoperiod treatment there was an increase in the number of 

macroscopically visible inflorescences per flowering stem. For the 17 

hom: t reated population compared to the 15 hour treated population, both 

of which had more than one blossoming plant each, there was a l arge 

increase in the number of blossoms per blossoming plant. 

(c) Inflorescence abortion 

In comparison to other experiments (Chapter 5 and 13) the percentage 

of aborted inflorescences was low in this experiment (Table 14.1). 
When comparing the more vigorous f l owering 15 and 17 hour photoperiod 

treatments the 17 hour treated population had fewer aborted inflorescences 

per flowering stem tTable 14.1). Apart from one plant in the 15 hour 

photoperiod treatment all plants that showed inflorescence initiation had 

some healthy developing inflorescences (i.e. not all aborted). 
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14.4 Discussion 

The results of this investigation show a positive direct effect of 

low temperature on reproductive development in Melrose sainfoin. For 

example, i n the main cultivar trial of Chapter 5 Melrose plants grown in 

the warm &lasshouse began to elo!l{Sate their stems at around November 30th 

(Figu..Te 5.4); the natural photoperiod at this time was 14.8 hours. In 

this present investigation a considerable number of plants grown in the 

cool 13½ hour photoperiod had elongated stems, also some plants grown in 

the cool 12 and 12¾ hour photoperiods had elongated stems. Thus Melrose 

sainfoin would appear to be similar in response to low temperature 

treatment as sugarbeets (Owen et al, 1940). 

It mus t be noted that it is difficult to determine whether the cool 

temperature response noted in this inves tigation had (a) a direct effect 

on develop~ent or (b) wa.s a pretreatment effect, that is, a typical 

vernalization effect. For example, plants micht have responded to the 

photoperfodic conditions only after a low teraperature requirement had been 

fulfilled and thus this would not be a direct response to low temperature . 

However , low temperature pretreated Melrose _populations receiving 

artificially extended photoperiod of 15 and 17 hours in the glasshouse 

had only 87% a.11.d 73% respectiv 0 ly of the plants within each population 

that had. blossoming inflorescences (Chapter 13). In t h.is present study, 

if further time had been allowed, 100% of the 17 hour treated plants 

would have blossomed as the two plants in this population that did not 

blossom had healthy developing inflorescences that would have blossomed 

later. Thus this indicates that there was a direct effect of low 

temperature on flowering in sainfoin. 

The reader must be aware that this study only investigates the 

effect of photoperiod x cool temperatures on the rate of development of 

flowering, and not the final percentage of plants that would respond to 

these conditions, given enough time, by elongating and f l owering. For 

example there was a relatively low percentage of plants blossoming in 

the 15 hour treated population when compared to the final percentage of 

plants that would have blossomed in a warm natural glasshouse treated 

population. Given more time many more plants would have blossomed in 

this population. 

In this experiment it was advantageous, if possible, to leave plants 

outside instead of transferring them into and out of the photoperiod 

boxes each evening and mo rning, as less damage to the plants, from just 

physically moving each pot twice a day, occurred. This transfer did not 



have any great effect on the experiment as when those treatments were 

left outside (i.e. 12, 12¾ and 13~ hour treated populations) plants had 

already begun to elongate their stems (see arrow in Figure 14.1). 
In Table 14.1 it is shown that for those plants that blossomed 

there was not a great difference between treatments in the average time 

required for plants to blossom, especially in photoperiods of 15 hours and 

lower (Table 14.1, Figure 14.2). This appears to he due to particular 

genotypes that blossom under these cool environmental conditions. That 

is, these genotypes can blossom at low photoperiods when in low temperature 

condit ions. Most genotypes within a population do not show this 

characteristic. 

In Table 14.1 it is shown that there was an increase in the angle to 

the horizontal of elongated stems with increasing photoperiod. However, 

in the 12¾ hour treated population the average stem angl e was higher than 

expected (i.e. compare with figures for the 12 and 1~ hour treated 

populations: Table 14.1). This is difficult to explain but it appears 

that the higher stem angle figure for the 12¾ hour treated population was 

due to a few genotype plants that tended to have more erect stems. As 

few plants had elongated stems in the lower photoperiod treatments this 

genotype difference showed. 



CHAPI'ER 15 

DISCUSSION AND CONCLUSIONS 

Growth and development 

A Melrose sainfoin plant tha t blossomed, when sown in early spring 

and grown in the wa,_--m 5laashoua e, pa.ss ed throueh a s eries of distinct 

morphological stages from eerinination to anthesis. The young plant 
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began development by initiating leaf and bud primordia in a manner as 

described in Chapter 3. After a few ,eeks of growth the young plant 

developed a prostrate leaf and rosette growth habit. Common and KrMnoda.r 

developed in a similar manner, although, within Giant and Italian some 

genotypes in each population had a semi-erect or erect leaf growth habit 

when in either long or short days (Table 12. 1). After approximately 10 

months of growth some genotypes within each cultivar population, especially 

in Common, had up to 30-40 basal buds per plant (Chapter i 2). 

In many species r eproductive development can no t proceed until a 

certain time after germination no mat t er what environmental conditions 

the plant receives . Thia growth phase is kno~~ as the juvenile phase 

For Melrose sainfoin it was shown in Chapter 6 that when plants are grown 

from seedlings in the warm glasshouse approximately 60 days were required 

before inflorescence initiation occurred . 

When the juvenile condition had 'passed' and when the natural daylength 

began to increase, under environmental conditions described in Chapter 5, a ll 

genotypes from within each cultivar began the first morphological stage of 

reproductive development. Each plant responded to the chan~ing environment 

by increasing the angle of its leaves to the horizontal. In effect plants 

moved from a prostrate (or semi-prostrate in the case of some Giant and 

Italian plants) to an erect leaf habit, but still rosette growth habit. In 

all cultivar populations, associated with this leaf angle increase the 

primary shoot bud a.nd basal buds began to swell (Section 5.2b, 5.3b, Figure 

5.3J. 

Soon after the buds had swollen and the leaves had become erect atem 

elongation began (Section 5.3c, 5.4c, Figure 5.4). For cultivars, and some 

genotypes within cultivars, that did not flower, stem elongation generally 

did not occur, although, some plants did have non-flowering elongated stems 

(Section 5.4J. Final stem length depended on environmental conditions of 

growth and type of cultivar. For example, Krasnodar had the longest stems 



116. 

(79.4 cm; Table 12.2) while Common had the shortest (44.6 cm; Table 12.2). 

Elongating stelllB next began initiating and developing inflorescences. 

The stage when inflorescence initiation began on the stem varied with 

environmental condi tions a.~d between geno types within cultivars, especially 

Melrose. 

In Chapter 5 it wa.9 s hown that in Melrose these observed developmental 

stages are correlated with flowering. Thus sainfoin passes through distinct 

morphological developmental stages before actual blossorr~ng occurs. It 

appears that there is a gradual transition from one stage to the next (see 

Chapter 5), although the completion of one stage does not appear to be 

essential before a higher developmental stage can proceed. For example, 

natural outside cool temperature short day treated plants had initiated 

inflorescences before the leaves had become erect or had even elongated 

their stems tChapter 12, 13). With increasing photoperiod and warmer 

npring conditions these plants went through, in the following order, the 

morphological developmental stages of, 

inflorescence~ leaf erectness --+ stem elongation---}' inflorescence 
initiation and bud swelling development 

Under natural warm glasshouse conditions moving fro m short days to long 

days, plants passed through the reproductive stages in the following order 

leaf erectness~ 
and bud 
swelling 

stem ~ 

elongation 
inflorescence~ 
initiation 

inf lorescence 
development 

Thus under natural conditions these stages are integrated into a 

distinct sequential pattern, and possibly even controlled by different 

growth processes. For example, with the application of GA
3 

leaf 

erectness and stem elongation can occur in short days (Chapter 9, 10) 

although, inflorescence initiation does not occur. These reproductive 

stages described here are not analogous to the rigid system of developmental 

stages proposed by some workers (Mathen and Stroun, 1960). 

Not all genotypes of sainfoin have the potential to carry out full 

reproductive development under glasshouse conditions. For example, in 

the Melrose cultivar when plants were germinated and grown wholly in long 

days (17 hour photoperiod) in the glasshouse four distict growth forms 

were observed: (a) there were those plants that remained as rosettes, 

(b) some plants had elongated stems but no inflorescence initiati on, 

(c) some plants had elongated stems that blossomed relatively quickly 
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while finally (d) some plants had elongated stems but did not elongate 

and initiate inflorescences until a considerable period after the first 

blossoming genotypes. Possibly t he reason for some plants not blossoming 

in a relative short time might be the presence of a juvenile factor. 

In Chapter 6 it was noted that when plants were grown wholly i n long days 

the first pla.~t in one population blossomed after 71 days of growth 

whereas the last plant in that f-Opulation to blossom required 131 days, 

thus representing a difference of 60 days from the first to the last plant 

to blossom.(Table 6.3). In addition results from Cr.apter 6 indicated that 

.Melrose plants when grown in the elassLouse have on average a juvenile 

period of around 60 days. A question that needs resolving now is would 

the results of Chapter 6 apply to plants ·vhen grown in the natUTal outside 

environment? For exa~ple, Fagan and Rees, (1930) noted that if Common 

sainfoin was sown early a high proportion of the plants would flower in 

that season. This raises the interesting question as to whether this is 

a direct low temperature response on inflorescence initiation associated 

with early spring conditions or a low temperature response affecting 

juveni li ty. Thus it is possible that low temperature conditions outside 

remove the juvenility condition earlier in some plants than do Glasshouse 

condi t ions and thus the normal low temperature response leading to 

inflorescence initiation might then be able to be effected earlier than 

would otherwise be the case. 

Results obtained by Waterschoot (1957) for Dianthus barbatus indicated 

that low temperature does not promote flowering unless given t o plants of 

more than a certain minimum size. In sainfoin application of GA
3 

doea 

shorten the juvenile phase in at least some genotypes when grown in long 

days. For example in Chapter 11 the Melrose plants that blossomed in 

natural long days after GA
3 

treatment did so after only 49 days, whereas in 

Chapter 6 a comparable population required 112.6 days before blossoming 

occurred (compare Table 11.2 to Table 6.3). In Chrysanthemum morifolium 

Thompsett and Schwable (1974) found that the level of endogenous 

gibberellins increased towards the end of vernalization treatment. From 

these latter results it would not be inconceivable that the juvenile period 

in sain.foin might be decreased when plants are grown from seedlings in 

cooler spring environmental conditions outside. Evidence to substantiate 

this comes from the observation by Thompson (1938a) where he noted that 

Giant seedlings, when grown in spring at lowish temperatures in the field, 

began elongation soon after the appearance of the sixth leaf. If stem 

elongation is associated with juvenility (see Section 6.4) then in Melrose 



genotypes that flowered when grown in the glasshouse a considerable 

number of leaves (i.e. many more than six) had been initiated before 

stem elongation began. 

When hypothesizing that GA
3 

in sainfoin might decrease the juvenile 

phase it must be noted, however, that in Hedra helix application of GA 
3 

will induce the mature form to revert to the juvenile form of growth 

(Rogler and Hackett, 1975). 
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Those genotypes within a Melrose population that blossomed in a 

relatively short period of time when placed into long days might have a 

short juvenile period with no limiting low temperature requirement. In 

other words flowering in these genotypes is predominantly controlled by 

long photoperiods. In the previously mentioned genotypes (i.e. those 

requiring a longer per iod to blossom) it could also be possible that apart 

from a juvenile factor 1 a mi ld low temperature requirement might be 

affecting the time required for inflorescence initiation to occur. That 

is, a longer period in long days can overcome the low temperature requirement. 

In the other growth form noted, where plants had only elongated stems, 

inflorescence initiation and development might be affected by some limiting 

factor in a process towards the end of reproductive development . This 

could involve a low temperature requirement or a requirement for short days 

to be followed by long days. There was always a low percentage of plants 

with inflorescence initiation in Melrose populations that received no 

short day pretreatment (Table 6.3) compared to populations that had passed 

through prior short days (Table 6.3, 5.1, 12.4, Appendix II). From this 

result it can be conc luded that in Melrose there are some short-long day 

genotypes. Thomas (1961b) found that certain genotypes of white clover 

(Trifolium repens) failed t o flower in long days unless they had previously 

received short days for at least four weeks. Thus in these genotypes 

ripeness to flower will only occur in short days and, once this condition 

is attained, long days are able to bring about inflorescence initiation 

and development. 

The final growth form noted, that is, where the plant remained as a 

rosette under long day treatment, appears to be controlled by a low 

temperature requirement (Chapter 12). However, from the results of this 

thesis study one can not determine which genotypes that did not flower in 

the glasshouse when treated with only long days had a short-long day 

requirement or low temperature requirement. 
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15.2 The effect of photoperiod on growth and development 

(a) Growth in short days 

(i) Warm short days 

In a population of Melrose held in warm short days for a period in 

excess of six months, at the end of this period no plants in this popula tion 

had macroscopically visible inflorescences. In no cases when plants from 

within other experiments that had been held in warm short days were 

dissected, in no case was inflorescence initiation observed. 

some plants the leaves became more erect in warm short days. 

However, in 

This latter 

observation i s described in more detail in Appendix I. On some plants, 

especially older plants with a dense foli age cover, limited stem elongation 

did occur, although, these stems were always short and prostTate (Table 12.1). 

I have suggested that this is a response to shading of the basal buds which 

in turn alters t}e quality of light reaching the basal bud; greater 

discussion on this aspect is provided in section 15.4. 

(ii) Cool short days 

In all cultivars examined it was noted that plants initiated 

inflorescences in cool short days, although, long days were required for 

these inflorescences to reach full development (i.e . blossom). Discussion 

on this aspect will be presented in section 15.4. 

(b) Growth in long days 

(i) Warm long days only 

Here reference will only be made to Melrose. For Melrose plants 

germinated and grown wholly in long days a juvenile period of around 60 
days was noted (Chapter 6). For plants in which the juvenile phase had 

passed (i.e. if plants had been held in a warm short photoperiod for around 

60 days or more) approximately 40 to 50 long days were required from the 

start of the f irst long day to blossoming (Table 6.3). Melrose plants 

grown wholly in long days had a lower percentage of plants with 

macroscopically visible inflorescences (i.e. 20-25%) and a lower percentage 

with blossoming inflorescences (i.e. 17-20%) compared to those that had 

received prior short days (i.e . 30-50%s compare Table 6.3 to Table 5.1). 



This demonstrates that some genotypes of Melrose sainfoin are short-long 

day plants. This aspect is discussed in more detail in Appendix II . 

(ii) Growth in warm long days preceded by warm short days 

Reference to Table 5.1 indicates the percentage of plants from each 

cultivar with macroscopically visible inflorescences and the percentage 

with blossoming inflorescences. There were large variations between 
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cultivarss for exa.mple, the number of plants in each cultivar population 

that had blossoming inflorescences WMS Melrose 57%, Italian 86%, Giant 

83%, Krasnodar 8% and in Common no plants blossomed. Reference to section 

5.4 and 15.1 describes in more detail reproductive development in Melrose 

under these conditions. 

(iii)Growth in warm long days preceded by cool short days 

Reference to Chapter 12 shows that nearly all pla..~ts from each 

cultivar blossomed after receiving these environmental conditions. A 

description of growth a.nd development, under these conditions, Ls provided, 

in more detail, in section 15.4. 

In conclusion, sainfoin appears to be a typical long day plant with 

some genotypes of at lea.~t Melrose having a short-long day requirement . 

This latter observation was also noted by Bawolski (1966) in two Polish 

sainfoin cultivar s. Low temperature treatment will enable plants, 

however, to initiate inflorescences in short days. 

further in section 15.4. 

Thia is discussed 

Melrose plants in their first year of growth, grown under natural 

warm glasshouse conditions had a critical photoperiod of around 14.9 

hours (see section 11.4), although, low temperature treatment l owered 

the critical daylength of this cultivar (see section 15 .4). 

15.3 The effect of gibberellic acid on growth and development 

In experiments with GA
3 

it was noted that this hormone had a mild 

effect on inflorescence initiation, however, it had a substantial effect 

on vegetative growth. The early response of leaf erectness found after 

plants are transferred to long days (Chapter 5) could be reproduced in 

short days with the addition of gibberellic acid, even a concentration as 

low as 1.0 /ug/ml . GA
3 

being effective (Figure 9.1). In short days GA3 
could effect only limited stem elongation when compared to plants trea ted 
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with GA
3 

in long days (i.e. compare Table 10. 1 to Table 11.5J. Stoddart 

(1966) found a similar response f or red clover. A summary of the effects 

of GA
3 

on growth a.~d development for Melrose in different environmental 

conditions is provided below. 

Environ.,uen t 

1. Grown in artificially short days 
(SD) outside without GA. 

2. SD in a warm glasshouse 
environment without GA. 

3. SD and GA
3

• 

4. Natural glasshouse long days (LD) 
without GA. 

5. Natural glasshouse LD and GA~ 
,/ 

Response 

Pla.~ts remain a.g rosettes. 
Leaves were prostrate. 

Plants remain a.a rosettes, although 
the leaves are more erect (Appendix I) . 

At low concentrations (1 to 10 ;ug/mle 
GA~) leaves become erect but the plant 
remains as a rosette (Chapter 9). 
At higher concentrations (20 to 500 

1ug/ml. GA~) plants have stems that 
have elong~ted, although stems and 
internodes are short. 
In.florescence initiation does not 
occur (Chapter 10). 

When plants are held in long daya 
approximately 30-6U~ of the 
population have macroscopically 
visible inflorescences, with a 
slightly higher percentage of pla.~ts 
having elongated stems . The longest 
stems to elongated were around 70 cm. 

At all concentrations tested (20 to 
500 ;ug/ml. GA~) all plants had 
elongated stems. Those plants 
having macroscopically visible 
inflorescences had an elongated stem 
as long as 140 cm. In all plants 
that had elongated stems only the 
primary stem had elongated. The 
percentage of plants with 
inflorescence initiation ranged 
from 33 to 50% (not significant). 
However, GA

3 
lowered the critical 

photoperiod plus greatly decreased 
the juvenile period. GA~ might 
also possibly overcome th~ 
inhibitory effect of small pot size 
on growth (Chapter 7). 

It should be noted that only GA
3 

was used throughout these 

investigations and the different results might have been obtained had 

other gibberellins been tested. For example, the long day plant Silene 

armeria could be induced to flower in short days by GA-r, with ether 



gibberellins being ineffective (Lang, 1965). 

Another factor to consider i s that the GA
3 

concentrations tested 

might have been unfavourable for inflorescence initiation. However, 

this does appear unlikely as concentrations tested varied between 0.5 
to 500 /ug/ml. GA

3
• It could be possible that inflorescence initiation 

is depend ent on more than one process or compound, all having a 

contributing effect to produce an in.florescence. If one substance is 

missing then the whole process might become blocked. In the case of the 

GA
3 

experiments one substance ha.B been added, although , without some 

other factor (s) GA is incapable of causing in.florescence initiation. 
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Under long day conditions it appears that even when GA
3 

is applied 

reproductive development will occur only in those genotypes that would have 

had the potential to flo wer in warm glasshouse conditions wi t hout GA. 

Thus GA
3 

seems not to play a ma~or solo controlling role in reproductive 

development in sain.foin. Lang (1965), Schwabe (1971), Jones (1973) and 

Stoddart (1 962 ) drew a similar conclusion. However, Stoddart (1 966) 

demonstrated that in rod clover floral initiation does require the presence 

of a specific level of free GA
3 

during exposure to long days. Stoddart's 

(1966) results indicate that GA
3 

is rapidly metabolized by the plant, thus 

providing evidence in support of his earlier suggestion (Stoddart, 1963) 

that GA
3 

might be converted to another GA of which in turn exhibits an 

effect upon flowering. Michniewicz and Lang (1962) have shown that 

gibberellins A1 to A
9 

show remarkable differences in their ability to 

induce flowering in a variety of plants grown under non-induc tive conditions. 

It is even possible that a combination of different forms of gibberel lina 

have varying effects on plant development as opposed to when only one form 

of gibberellin is applied to a plant. 

It was noted in Chapter 12 that when sterns elongated in shor t days 

they were always prostrate whether under warm or cool conditions. Under 

natural conditions outside, stema began elongating in a prostrate manner 

then after a few centimetres of growth they became more erect. When 

plants were induced to flower when in long days, and when especially in 

the 17 hour photoperiod, stems always elongated in an erect manner. In 

strawberry clover (Trifolium fragi ferum) Bendixen and Peterson (1962) 

suggested there was an interelationship between auxin and gibberellin in 

tropic behavior and also stem elongation. They suggested that erect 

genotype plants have supraoptimal auxin levels when compared to 

stoloniferous plants. When aainfoin was treated with GA in short- or 

long days, stems were always erect. Thus it is possible that in sainfoin 
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GA may influence or even control stem orientation. To explain why plants 

often be6 i n stem elongation in a prostrate manner when outside then later 

elongate in an erect manner one could suggest that GA diffusing out of the 

developing inflorescence (Booysen and Laude, 1964, Tkaczyk et al 1976, 

Kaufman~ al 1976) miGht bring about the more erect growth habit of the 

elongating stem. If this were so then it would appear that under low 

temperature treatment sainfoin inf lorescences do not produce GA as ver-J 

short stems do have i~_florescence initiation . However, 

this could also be interpreted in another way by saying that under 

environmental conditions of low temperature stem tissue can not effectively 

respond to low concentrations of GA from the young inflorescences. 

Results from Chapter 9 demonstrate that applied GA
3 

can have an effect 

on leaf orientation in that GA
3 

makes prostrate leaves become more erect. 

To bring about this increaae to the horizontal in leaf angle the petiole 

would need to 'grow' on the basal lower side at a faster rate than the 

basal upper side. For many years it ha.s been accepted that the appearance 

of a lateral differential in auxin concentration between the upper and 

lower sides of a plant organ is part of the mechanisim whereby a geotropic 

growth curvature occurs, (Went, 1925 , Wilkins, 1966) . If gibberellins are 

importa.~~ regulatory factors i n stem elongation then it is feasibl8 that 

gibberellins might also be related with growth curvatures such as those 

involved in geotropic reactions. In experiments with Helianthus annuus 

and Pha..seolu.s multiflorus seedling Philips (1972a) found approximately 

ten times more gibberellin diffusing out of the lower than upper tissues 

of horizontal shoot tips, whereas approximately equal quanti ties were 

obtained from the two halves of upright tips . Philips (1972b) obtained 

similar results for phototropic responses. Thia pattern of diffussible 

gibberellin distribution was correlated with the more rapid elongation 

growth of the lower tissues and the normal regulatory effects of apically 

synthesized gibberellins upon internode extension growth (Philips, 1972a). 

Rose (1974) showed that GA could stimulate cell extension in young excised 

wheat coleoptilea. 

When sainfoin plants did elongate stems in short days (Table 12.1) 

it was noticed that these always occurred on plants with dense foliage. 

Thus this particular form of stem elongation might be a response to 

shading of the basal buds. Under the natural forest situation when light 

passes through a canopy of vegetation the proportion of far-red (FR) light 

increases to that of red (R) light (Richards, 1957). Thus in the sainfoin 

example a similar situation might be occurring with the result that the 



ratio of FR/R light increases. In dwarf varieties of Pisum sativum 

growth in FR light caused plants to elongate their i:items wherea.s 

growth in red light inhibited stem elongation (Lockhart, 1956). 
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Addition of GA
3 

on Pisum caused stems to elongate when 5--rown in red light 

conditions (Jones, 1973). The FR light and GA responses might be 

closely related in the natural plant system FR lieht and GA might wor k 

independently on the same gene, or gene complex, that is responsible for 

stem elongation; or FR light might increase the sensitivity of plant 

tissues to endogenous gibberelliM. From results in Appendix I it would 

appear that an increase in temperature increases the sensitivi ty of the 

~lant tissue to endogenous gibberellin . 

15.4 The effects of low temperature on growth and. development 

In this sec tion only aspects not examined in sec tion IV wil l be 

discussed. For a complete and full discusssion on asp~cts of low 

temperature the reader would be advised to read the discussion sections 

of Chapters 12, 13 ;,.nd 14 in addition to this section. 

It was noted in Chapter 5 th9.t when plants were gro·"n in the warm 

gl asshouse only two cultivars (.Giant, Italian) had a hiGh percentage of 

plants with blossoming inflorescences. In Melrose 57%, KrMnodar 8%, 

and in Common no plants had blossoming inflorescences. However, in 

Chapter 12 it was observed that populations treated. with cool short days 

followed by warm long days always had a high percentage of plants with 

blossoming inflorescences. Results in Chapter 5, 1? and 13 confirmed 

that plants had a typical vernalization type requirement, and results 

i n Chapter 14 confirmed that, for Melrose, direct cool temperature 

treatment in long days promoted inflorescence initiation and development. 

The low temperature response in sainfoin allowed plants to initiate 

inflorescences even when plants were in short photoperiods. For 

lucerne, Roberts and Struckmeyer \1939) found that inflorescences were 

produced in short days of%- to 10 hours, and Van Dobben (1958 ) noted 

that buds held over winter"••••• are completely or partially induced". 

Thomas (pers. comm.) for certain clones of white clover and Evans (1959) 
for Trifolium subterraneum have observed that inflorescence initiation 

does occur under short day winter conditions. This low temperature/short 

day inflorescence initiation effect is very interesting and leads one to 

ask the question whether it is dependent of daylength or whether low 



temperature just greatly lowers the critical photoperiod. For 

Trifolium subterraneum Aitken (1955) found that the early variety 

Dwalganup, if vernalized for eight weeks, would initiate flower 

primordia in the dark. Roberts and Struckmeyer l1938, 1939) found 

that many higher plants the photoperiodic requirement decreased with 

decreasing night temperature. For subterraneum clover, flowering time 

in the field appears to depend on the interaction of vernal ization with 

daylength (Morley, 1~61). A similar gr owth response hag been found 

for crimson clover lTrifolium incarnatum) (Knight and Hollowell, 1973). 
In Melrose the average date of first blossoming in a population 

held over the spring/summer of 1975-76 was January 5 1976 (Figure 5.5) . 
However, in the same cultivar but a different experimental population, 

blossoming occurred on November 22 1976 (Table 12.3) when plants had 

been left in the outside environment. This low temperature effect on 
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growth represents a difference of 49 days for blossoming for the 

population as a whole. When examining data for individual plants, 

Melrose plants held in the outside environment (Table 12.3), that could 

be compared to the blossoming dates of the same plants in the 1975-76 
season when held i n the glasshouse, blossomed on December 28th 1976. 

¼ben held in the glasshouse in the spring/summer of 1975-76 these plants 

blossomed on December 8 1976, i.e. a 20 day difference. When making a 

similar comparison for Italian plants there was a 27 day difference in 

the time of blossomi~.g when comparir.g low temperature treated versus 

warm glasshouse treated plants. However, for Giant plants there was 

only a difference of eight days in the blossoming date for low temperature 

treated plants compared to plants kept with the warm glasshouse; this 

time difference would not be significant as these comparisons were made 

between two seasons. Examining the blossoming dates for the Giant 

populations in Table 12.3 it is a.gain noted that low temperature treatment 

does not affect the time of blossoming. Thua in this ·Giant cult i var it 

appears that blossoming time is controlled solely by photoperiod. 

However, in the Giant population tested in the glasshouse (Table 5.1) 
four plants did not blossom, although they did so when low temperature 

treated. As this represents a very small percentage of the total Giant 

plants tested it would appear that this represents a genotype that is in 

the minority in a normal Giant population. 

Again when comparisons could be made on an individual plant basis 

Giant blossomed 16 days, and Italian blossomed 18 days, earlier in the 

1976-77 season compared to the 1975-76 season when plants were held 

in the glasshouse. To explain this result one would need to postulate 



that a size/age effect has affected the date of bloss oming. For 

Dactylis glomerata Calder ( 1964) noted that the critical photoperiod 

decreased as t he plant aged. 
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In experiments in Chapter 13 and 14 on the effec t of daylength on 

flowering it was observed that a photoperiod of 14¼ hours was sufficient 

to enable over half of the Melrose low teioperature pretreated plants 

to blossom (Table 13.1) and that in the low temperature treated population 

photoperiods of 13½ hours and above were sufficient for inflorescence 

initiation to occur in many plants within a population. In the 

natural situation this photoperiod would occur in late October early 

November, corresponding favourably with the time of blossoming for the 

natural outside treated population (i .e. Nov . 22). Thus i t would 

appear that in the Palmerston North environment inflorescenc e initiation 

can occur over the winter period, although continued inflorescence 

development is determined by l ong photoperiods. However, low 

temperature treated plants of Melrose can blossom earlier than when held 

in the warm glasshouse, thus r epresenting a photoperiod x temperature 

interaction. Giant differed in this res pect as on Au~uat 23 1976 

(Chapter 12 ~ adult pla.~te) it was noted that Giant and Italian plants 

had clearly visible but aborted inflorescences. This then demons trates 

that Giant c an initiate inflorescences under low temperature/short day 

conditions but cannot proceed with continued inflorescence development 

until around the normal period for initiation in plants held in the 

warm glasshouse. Thus there appears to be no temperature x photoperiod 

interaction for Giant for continued inflorescence development even 

tho'llbh plants can initiate in cool short days. 

One interesting and rather unusual observation was that when low 

temperature pretreated plants were transferred to the warm glasshouse 

in either natural short days (Chapter 12J or artificially extended long 

days (Chapter 12, 13) elongating stems after a period of growth tended 

to stop further development rather abruptly. After stems had stopped 

elongating leaf initiation and development still occurred, resulting in 

the formation of a "leaf rosette" on the end of an elongated stem 

(Plate 15.1). As the photoperiod increased, this growth inhibition 

tended to be brought about sooner (Figurt 13.1, Figure 13.4, Table 13.1). 

In the discussion of Chapter 13 I mentioned the possibility that a 

senescence factor (S-Factor) or a vernalization factor (V-Factor) might 

have something to do with this inhibitorJ effect. 

It could be possible that when plants are in low temperature 



Plate 15.1 

The formation of a leaf rosette on the end of an elongated stem. 

Note the peduncle of an inflorescence attached to the lowest visible node. 



environmental conditions a V-}'actor might be synthes ized and that when 

plants are then transferred to warm long days, or warm s hort daya this 

V-Factor i..s used in reproductive development. In a warm environment 

it would not be expected that this V-Factor is still produced. If 

this hypothetical ~ -Fac tor is 'used up' dur ing reproductive growth 

one would expect that a given amount of V-Fac tor would produce the 

sa.,:.e number of inflorescences under varying pho toperiodic conditions. 

However, on examination of Table 13 . 1 it is shown that the number of 

macroscopically visible inflorescences in each photoperiod treatment 

ranges from 4.81 to 7.76 per flowering plant. I f this V-Factor is 

broken down in conditions of hi cher temperature then one would expect 

that the fa.9ter reproductive development occurs i n long days the more 

inflorescences that would form. For example, growth in a 17 hour 

photoperiod, after low t emperature treatment, would be expected to 

produce more inflorescences than an equivalent but 15 hour photoperiod 

treated population if this hypothesis waR correct . Reference to 
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Table 13.1 shows that in fact the 17 hour photoperiod treated population 

ha.a fewer macroscopically visible inflorescences per flowering plRnt, 

and fewe~ per stem, than the 15 hour treated population. Thus from 

these examples ,:me can rule out the hypothesis that a 11 build up" of a 

V-Factor occurs during low temperature treatment that is UBed later for 

inflorescence development . 

The results of Chapters 12 and 13 can, however, be explained by 

proposing that a senescence factor (S-Factor) causes this reproductive 

inhibition. It would appear that, in the normal reproductive development 

of a plant, when an inflorescence in ini tiated, a S-Factor is soon 

produced. During the morphological development of the first 

inflorescence I suggest that a flowering (F) factor (this might be more 

than one compound) dominates over a $-Factor until approximately 60-80 

florets have been produced. At this stage the S-Factor would dominate 

over the V-Factor thus effectively stopping the further development of 

that inflorescence. When many inflorescences on a stem are produced 

this same process would occur for each. This in effect would lead to 

a gradual build up of the S-Factor level in the stem. This, after 

reaching a certain critical level, would result in the complete 

inhibition of further inflorescence development thus explaining why 

flowering stems nearly always have small aborted inflorescences at the 

apical end no matter what treatment or pretreatment they received. 

It would also be suggested that the production of this $-Factor 



even occurs on inflorescences ini tiated in cool short days. In an 

environment where growth is slow and the F-Factor responsible for 

continued inflorescence development is missing (i.e. only produced in 

long days) the S-Factor level builds up higher than is normal for an 

equivalent long day produced inflorescence. If this hYJ)othesis i s 

128. 

correct then one would expect that plan t s held in low temperature 

environments for a longer time period would have fewer blossoming 

inflorescences as these plants would have initiated earlier. Therefore, 

it would be expected that these plants would have a hieher concentration 

of this S-Factor in the plant system at the time of transfer . In 

effect, in long days, the ratio of S-Factor to F-Factor would be higher 

than normal. Examination of Table 12.5 shows this is exactly what 

occurred. The fewer the n\L~ber of days of low temperature pretreatment 

the more plants that had blossoming inflorescences. 

Thia same hypothesis can explain why the 17 hour warm glasshouse 

treated/short day low temperRture pretreated population had a reduced 

flowering vigour whe n compared to the equivalent 15 hour treated 

population (Figure 13.4). In this case the initial vigorous 

reproductive growth might produce greater than nornal S-Factor, and 

this coupled with the early production of t he S-Factor in short days , 

could cause an upset in the S-Factor t o F-Factor ratio for normal 

reproductive development. 

It is also possible that once plants have flowered they must receive 

a period of cool temperatures to remove this S-Factor from the plant 

system as plants from all cultivars that flowered in the glasshouse in 

the 1975-76 season then held in the glasshouse until the 1976-77 spring/ 

summer season had a much reduced flowering vigour for the second season 

(Table 12.3). 

One now a.ska the question of why the natural outside treated 

population did not show this S-Factor inhibitory effect to the same 

extent . In some growth aspects this S-Factor inhibition does occur 

early& for example, this would explain why inflorescences abort in cool 

short days after reaching a developmental stage of 4 or 5 (Table 4.1). 

Because inflorescence development to blossoming cannot occur due to the 

lack of long days inflorescences "waiting" for natural long days to come 

are overcome by this S-Factor. The reason why overall reproductive 

development is not inhibited early is most probably because the 

production by the inflorescences of a S-Factor is slow under low 

temperature conditions so that wben long days do arrive there is still 



a favourable F-Factor to S-Factor ratio for normal development. In 

natural conditions when continued inflorescence development does occur 

temperatures are still relatively cool especially at night. 

Possible endogenous processes controlling flower i ng in sainfoin 

To describe a mechanism for flowering in sainfoin the following 

must be taken into account. 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

the requirement for long days. 

in some cases pretreatment in short days to be followed by 

long days. 

direct low temperature treatment. 

low temperature pretreatment. 

the need for a "healthy", root sys teI'l (Chapter 7, 8). 
warm temperatures for continued inflorescence development. 

A. Inflorescence Initiation 

To explain how inflorescence initiation does occur in sainfoin I 

suggest a hormonal-balance type mechanism with the active site being 
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at the s tem apex. ~eduction of varioll3 growth factors making up this 

balance would occur throughout the plant system with various types of 

plant tissues (i.e. root, leaf, stem) having differing contributing 

effects . For example, in response to long days the young leaves might 

produce a growth factor, possibly GA, that would effect increased leaf 

angle, and stem elongation. There could also be a synergistic response 

with increasing daylength, and temperature, in that the plant tissue 

could become more responsive to growth fac tors. It is highly possible 

that this initial response does not directly affect inflorescence 

initiation but could be just a stage in the reproductive process which 

allows a more favourable internal situation to occur for later 

inflorescence development. For example, this leaf angle, stem elongation 

response might occur in conjunction with inflorescence initiation, but is 

a seperate process, which allows the later formed inflorescence to have 

a greater "reproductive fitness" value i.e. a greater chance to reach 

anthesis. 

While this is occurring other reproductive processes would also 

be ta.king place. For example, the roots would be synthesizing, or 

interconverting growth factors that would later be transported to the 

apex. Stem growth factors could also move to the apex. 
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For example : 

Stem Growth Factors~ 

Root Growth Factors_ ~ 
~Inflorescence Initiation. 

To explain differences in flowering response (e.g. why some plants 

have stem elongation and no flowering) one could postulate that the 

processes associated with stem elongation have been activated, although 

the proc esses associated with inflorescence initiation have not. 

To explain why some genotypes have one floweri~ control whereas 

others appear to have different controls it could be suggested that each 

plant tissue produces varying amounts of growth factors. For example, 

in a 11nornal" flowering plant the root mieht supply factors 6 x, '1.y, the 

stem 2y 2z, and the leaf 6z 2x eiving a total at the apex of 8 x 4y 8z. 

However in some genotypes, or in some environments, the production of 
~' 

say 'root z, might be slightly inhibited and is only able to produce 4z. 
With time, however, the leaf might be able to make up this deficit so 

that in the end the overall total remains at Bx 4Y Bz. 

From the data obtained with sainfoin it would appear that the 

growth processes involved in vegetative axillary bud initiation are 

are very similar to the initial processes associated with inflorescence 

primordium initiation (Chapter 11). Wetmore et al (1 959 ) showed that 

vegetative and floral meristema are homolo6ous. These conclusions 

are in agreement with the view of Goethe (1790) that the flower is a 

modified shoot and not a structure sui generis. If the view of Goethe 

is correct then one would expect that the growth processes involved in 

vegetative bud initiation are very similar to the growth processes 

involved in inflorescence initiation. For the short day plant 

Bryophyllum crenatum Dostal (1967) observed that marginal vegetative 

buds on the leaves start to appear at the same time that flower 

primordia are formed. Dostal (1967), from his surgical experiments, 

concluded that the leaf primordium was the first structure to be 

irreversibly determined on the vegetative tip; and from the beginning 

buds are dependent on their supporting leaves. 
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The main facto r that determines whether an axillary bud develops 

int o a vegetative bud or reproductive bud might be its time of initiation 

in relation to its assoc iated leaf. For example, if the bud can be 

initiated at the same time as, or slightly earlier than, the associated 

leaf primordium, then it might have sufficient time to be ' genetically 

determined' towards reproductive growth. Wi th t he arrival a t the apex 

of all the plant's growth factors, a sufficient stimulus would be present 

to effect vigorous axillary bud growth . If the correlative growth 

effects of the plant do not favour strong bud development then possibly 

the leaf may have sufficient time to gain dominance over itH axillary 

bud. This might explain why inflorescence initiation can occur while 

plants are held in low temperature conditions, that is, leaf development 

at the apex :nay be very slow thus allowing time for the axillary bud to 

be 'genetically programmed' as an inflor escence. 

B. In.florescence Development 

Under some environmental condit i ons it was shown that full 

inflorescence develop~ent did not occur after inflorescence initiation 

(Chapter 12). Thus it would appear that growth processes invo l ved in 

inflorescence initiation are not the same as those responsible for 

inflorescence development. However, the growth processes involved in 

inflorescence development might be similar to those tha t effect initiation 

wi th possibly a change in the ratios of growth subs tP.nces or even the 

addition of another growth substance. 

The flowering behavior of sainfoin fits the general pattern of 

mechanisms proposed for other long day pasture legumes. 

Evans (1959) and Morley and Evans (1959) noted that flower initi ation 

in Trifolium subterraneum was under the control of three interacting 

partial processes, one of which WM inhibitory to early initiation, while 

the other two favour it. The three processes noted weres 

(a) a long day photoperiod process. 

(b) a high tempera-ture - favoured, light-independent process. 

However, Evans (1959) noted that the evidence for the exis t ence of this 

process was only indirect in that high temperatures accelerate flowering 

initiation considerably. 

(c) a vernalization process. 

These authors explained t hat the variations in the flowering 

behaviour of subterraneum clover cultivars could be explained in terms of 



an interraction between two synergistic promo tive processes (one 

favoured by high temperatures, and the other by low temperatures) and 

an inhibitory process evident in long wa..-m nights. 

For flower initiation to occur in sainfoin the same partial 

processes were noted. For exanple, it was shown in the environment 

conditions of Chapter 5 that long days were necessary for inflorescence 

initiation and development to occur, although , in three cultivars 

(Melrose, Krasnodar, Common) some, or in the case of Common all, plants 
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did not flower under these environmental conditions. Results presented 

in Section IV showed that low temperature treatment or low temperature 

pretreatment, with long days allowed all plants of all cultivars to 

blossom. In addition the high temperature-favoured process indirectly 

noted in subterraneum clover was also noted in sainfoin. For example, 

in early spring when plants remained outside growth and development was 

slow, however, if plants were transferred into the glasshouse at this 

period development was more rapid. However, this latter process was not 

shown to affect inflorescence initiation but it certainly had a promotive 

effect on inflorescence development. 

Jones and Stoddart (1973) for Trifolium pratense put forward the 

hypothesis that young expanding leaves are sites of active gibberellin 

synthesis and that senescent older tissues contain large amounts of 

abscisic acid. From this they proposed that leaves of different ages 

make varying contributions to both stem elongation and inflorescence 

initiation. Again in sainfoin a similar process might also be occurring. 

It was observed that when plants began t o elongate their stems leaves 

prior to this became more erect. It was later shown (Chapter 9) that 

this leaf angle response to long day treatment could be repeated in short 

days with GA
3 

application. With time this initial leaf angle response 

was followed by an increase in the rate of leaf emergence (Chapter 5, 
Chapter 7). Thus what might be occurring is that the ratio of young 

leaf tissue to older leaf tissue was increasing. According to the 

hypothesis of Jones and Stoddart, (1973) this would result in more 

promotive BTOwth substances. However, when sainfoin plants that had 

begaun to elongate their stems received a mite attack as described in 

Chapter 6 the oldest leaves were the first to senesce . According to 

hypothesis of Jones and Stoddart (1973) this should have re~ulted in 

an increased flowering vigour. In sainfoin mite defoliation severely 

arrested reproductive development. ThiB suggests that in sainfoin 

older leaves on the plant do play some promotive role in reproductive 



development . Results for sainfoin do however, agree with those for 

red clover .i.n that young leaf tissue appears to supply an increased 

amount of growth promoter, possibly GA. 

Thomas ( 1961 b) for Trifolium re pens noted that some clones were 

short-long day plants. Bawaloski ( 1966) for t wo Polish cultivars of 

sainfoin also observed this sl·,ort-long day response. In this preRent 

study I also observed this short-long day resporuie in some eenotypes 

of Melros e . 

Comparison with results ob t ained by other authors on flowering of 

forage and pasture legwnes (see section 5.1, 12.1 and this Chapter) 

shows that sainfoin is very similar in response. 

15.6 Future experiments 

In a study such as this many interesting observations are made that 

lead the way for further experimentation. Listed in this section are 

a number of possible research projects that would provide further 

information to that already obtained. 
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1. When pla."'lts are grown under natural short day outside environmer..tal 

conditions at what time of the year/season do inflorescences initiate 

noting at the same time if there is any difference in initiation time 

between cultivars that require low temperature pretreatment/treatment 

(i.e. Common) and those that do not (i.e. Giant). 

2. In Chapter 11 it was noted that GA
3 

appeared to decrease the critical 

photoperiod. Further experimentation is required to determine in more 

detail what effect GA
3 

does have on critical photoperiod and to what 

extent the photoperiod can be lowered. It would also be interesting 

to determine whether this observed GA
3 

effect on critical photoperiod 

could be correlated with the temperature x photoperiod interaction 

effect observed in this study in natural outside environmental conditions. 

3. A more detailed study that would, or would not, confirm my hypothesis 

that allelopathic substances produced by the roots inhibit reproductive 

development. If this hypothesis is correct then a new field of study 

could be opened on developmental physiology, that is, what effect does 

one species have on the growth and development, especially flowering, 

on another species. Could this be another mechanism that controls, or 



partly controls, reproductive development in some plants when 

grown in association with others ? 

4. A. thorough study on i:i.3pects of inflorescence ahortion not ing in 
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detail the effects of environment. From that data future studies, 

including hormonal, could be 1L~de~taken to determine why 

inflorescences abort. For all plant species a study such as this 

could have immense economic implications. 

5. To examine in more detail my hypothesis for the occurrence of a 

senescence factor that controls growth and development. 

6. Surgical experiments at the shoot apex to determine whether the 

hypothesis of Dostal (1967) is correct (i.e. the leaf primordium 

determines a.tan early stage the future of its axillary bud 

primordium). Associated with this would be further experimentation 

on the hypo thesis that an inflorescence primordium and an axillary bud 

primordium are analogous and that the processes involved in the 

development of each are the same. 

7. For future agronomic experimentation the researcher must be aware 

that some cultivars require low temperature pretreatment before they 

will flower . Thus cul ti vars muat not be "written off" on the basis 

of the first growth seasons results. 

8. Field trials that would determine if early spring sowing of the low 

temperature requiring cultivars woul d enable the low temperature 

requirement to be satisfied so tha t flowering would occur in the first 

season of growth. If this does occur then aspect~ associated with 

persistence must also be closely examined a.a it has been shown 

overseas that these low temperature requiring cul t ivars are more 

persistant than the Giant type cultivars that do not require low 

temperature pretreatment (Thomson, 1938a). 



APPENDIX I 

:EFF~T OF TEMPERATURE ON LEAF ORIENTATION 

Introduction 

While testing for a juvenile response in sainfoin one treatment of 

30 Melrose plants was held over the main summer period in artificially 

shortened short days prior to long day treatment in Chapter 6. I t was 
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noted that many plants from within this population held in warm short days 

had erect leaves and swollen buds in a manner similar to plants that 

receive long day treatment. As plants were held over summer in the 

' short day cabinets', as described in Chapter 2, it was thought that some 

environmental factor other than photoperiod, possibly temperature, might 

have been causing this leaf angle increase under artificial short days. 

Thus the aim of this present investigation was to determine what 

effect temperature has on early r eproductive development in Melrose plants 

that have previously been held in artificially shortened Wlil'T!l short days. 

Materials and Methods 

The experiment, which began on December 9 1975 and ended on Janua....-y 

13 1976, involved two treatments, each of four Melrose plants that had 

previously been held in the short day cabinets in the glasshous e , that 

had relatively high leaf angle scores. In one treatment plants were 

placed daily into a 4°c dark cool room at 4.30 pm and retu..""l'l.ed to the 

glasshouse at a.oo am. The second treatment group was left in the 

short day cabinet in the glasshouse for the period of the experiment. 

At intervals of seven days leaf angle scores were measured using 

the same technique as described in Chapter 5, Plate 5.1~ In addition 

daily maximum and minimum temperatures were recorded and are provided 

below. 

Temperature (
0 c) Plantg receiving cool S.D. cabinet treated 

(4 c) nights plants 

Maximum (day) 29.9 29.9 
Minimum (night) 4.0} ! 21.8 

Maximum (night ) 1.0 27 .1 4.0 



Results 

For t nose plants that were transferred to the 4°c cool nights the 

leaf ~ngle score steadily decreased beginning on day 7 and ending at 

day 28 (Figure 1.1); by day 28 all plants had a leaf angle score of 1. 

For th 0 short day cabine t treated plants the average leaf angle score 

did not significantly change. 

Figure I. 1 

The effect of low night temperatures on leaf angle score. 

•---• population placed into cool (4°c) dark night temperatures ; 
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o o population held in warm (greater than 20°c) night temperatures. 
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Discussion 

The results of this investigation show that for plants that have 

been initially held in short days with relatively high average night 

temperatures, and have increased the angle of their leaves, revert back 

to the normal natural short day prostrate growth habit when placed into 

short days with cool nights. 

In Table I.1 the small decrease in the leaf angle score between 

day 21 and 28 for the short day cabinet treated plants might have been 
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caused by two consecutive coolish nights during this period (minima 17 
0 

and 19 C). Wi th later hiGher ni .;ht temperatures the leaf ari.gle score 

again increased after this period of cooler t e~perature. 

The results of this experiment raise an i nteresting q~estion; that is, 

does the effect of warm nights in short days (SD) have a similar effect 

to the normal l ong photoperiod effect, anrt are these two processes closely 

associated with the overall reproductive process . 

A. 

B. 

This is di~-ramatj_cally represented below . 

12am 6am 12pm 6pm 1:-?am 

dark dark 
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L--y--' 

'X' 

cool 

Tirne Scale 

Photoperiod 

Temperature 

Photo period 

Temperature 

In diagram A, which represents the natural long day (LD) environment, 

both temperature and photope riod are closely associated together. 

However, in diagram B, which represents the environmental conditions that 

were experienced by the SD cabinet treated plants, light conditions 

resembled a typical SD, however, temperature conditions resembled a LD. 

Comparison with Figure 9.1 shows a correlation between leaf angle 

response in long days . Taking into account the results of this present 

investigation one could suggest that with an increase in temperature 

there is an increase in the s ensiti vity to GA. Under natural 

environmental conditions this would prove most beneficial as when warmer 

spring conditions arrive the plant would be able to respond in a more 

vigorous manner to the initial phases of the reproductive process. It is 

also possible that with an increase in temperature there might be an 

increase in gibberellin synthesis. 
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APPENDIX II 

EF}'EI;'l' 01'' DAYLENGTH ON FLOWERING IN CV. MELROSE 

Introduction 

From the results obtained in Chapter 6 it wa..s observed that some 

geno types within a Melrose population were perhaps short-long day plants. 

The experiment in this present investigation on the effects of 

various daylength combinations for vernalized and non-vernalized seedling 

plants also supports this short-long day effect. 

Materials and Methods 

Vernalization treatment involved placing seeds in a petri-dish 

moistened with filter paper into a refrigerator held at 4°c for 21 days. 

Seedlings that had no vernalization treatment were germina ted in a dark 

cupboard (temperature= 20 - 25°c) for 2½ days. At the end of this 

period seedlings had germinated to the same stage as those that were 

vernalized. 

On September 19 1975, seedlings were planted into 5 centimetre 

plastic pots containing a.~ osmocote soil/nutrient mix and placed into 
, 0 

the growth cabinets ~temperature~ 21 - 25 C; PAR at plant height~ 

320 microeinsteins/m2/sec.). Treatments, ea.ch of 15 plants, consisted 

of eight weeks pretreatment with either short (9 hour) or long (17 hour) 

photoperiods followed by either short or long photo periods as shown below. 

(a) 8 weeks SD ~ LD 

(b) 8 weeks SD ----+ SD 

(c) 8 weeks LD ~ LD 

(d) 8 weeks LD -----. SD. 

Each treatment (a to d) ~as replicated with one group grown from 

vernalized seed and the other group gro~n from non vernalized seed. 

On December 8 1975 all plants were repotted into 10 centimetre pots 

and transferred into the glasshouse where they were kept in their 

respective growth cabinet pho t operiods by artificially shortening or 

lengthening the natural photoperiod. This move was necessary as the 

light intensity within the cabinets appeared to be too low for sainfoin 

plant growthe 



On February 20 1976 data were obtained from a final harvest. 

Results 

There was no vernalization response apparent i n this experiment, 

however, a definite photoper·odic effect wag observed (Table IIe1). 

Table II.1 

The effect of photoperiod treatment on the percentage of plants 

with macroscopically vis ible inflorescences, and the percentage of 

plants with elongated stems. Data from vernalized and non-vernalized 

groups have been bulked thus increasing the treatment populations to 

30 plants each. 

Photoperiod Treatment 

SD ---? S:D 

SD --4 LD 

LD --> LD 

LD ~ SD 

Discussion 

% Inflorescence 
initiation 

0 

18 

4 
0 

% of plants with 
elongated stems 

0 

39 
16 

0 
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The results presented in Table II.1 demonstrate a defini te short-

long day r esponse for flowering in Melrose sainfoin. Thomas (1961b) 
ocserved a similar short-long day response in Trifolium repens. Sainfoin, 

a high light intensity requiring plant (Bawolski, 1966), showed no 

vernalization response in this investigation. However, this latter 

result :n-ust be treated with caution as the plants were initially held 

for a considerable period of time under environmental conditions of low 

light intensity. Thua by the time the plants were removed to the 

glasshouse the normal response aasociated with seedling vernalization as 

found in other legumes (Clarkson and Russell, 1975; Medicago spp.) 

might have by that time dissipated. Cyusski (1957) (quoted by Bawolsk.i, 

1966) noted that vernalization of young sainfoin seedlings had no 

significant effect on flowering. 
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I t must be no ted also that the percentages of plants flowering in 

the l ong day treatments (i.e. a and c) were low. This might have been due 

to the initial growth in low intensity li.;ht in the growth r0om. However, 

i t is shown that plants having r<?ceived prior short days had a higher 

percentage of plants with visible inflorescences. This could have 

resulted from a pot size effect, as described in Chapters 7 and 8, as 

when the experiment was ended, it was noted that the plants' Y-oot systems 

were at a stage which a ppeared to have affected reproductive development in 

other experiments. With t his in mind one might go so far as to suggest 

the possibility that the short-long day flowering genotypes might not be 

affected by pot size to the same extent as the normal long day genotypes . 
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APP1~DIX III 

SJ.<1d VALUES ASSOCIATED WITH FIGURE'S 8.1, 8.2. 

(a) SEM values for Fi gure 8. 1 (Shoot Dry Weights). 

Cultivar/Pot size Stage of Development (days) 

0 1 . 21 28 2 
Melrose 0.070 0.054 0.089 O . 156 0 . 230 0.222 0.128 o. 181 

Small Giant 0 . 049 0.135 0 .1 07 o. 137 0.173 0.103 0. 281 
Pots 

Common 0.057 0.080 0.066 0 .114 o. 118 0.053 0 . 106 

Melrose 0.026 0 . 072 0.085 0.145 0.209 0.364 0.17a 0.224 
Large Giant 0.033 0.096 o. 128 0.135 o. 125 0 . 346 o. 551 
Pots 

Common 0.049 0.041 0.069 0.114 0.183 o. 'i08 0.156 

(b) SEM values for Figure 8.2 (Root Dry Weights). 

Cultivar/Pot size Stage of Development (days ) 

28 2 

Small Melrose 0.019 0 . 014 0 .023 0.046 0.063 0 .093 0 .045 0.093 

Po ts Giant 0,010 0.048 0,038 0.044 0.053 0.076 0.129 

Common 0 . 021 0.030 0 . 022 0 . 040 CJ . 048 0.034 0 ,U78 

Melrose 0 . 0 18 0.026 0 . 025 0.052 0.060 0 .051 0 . 056 0 . 181 
Large 
Pots Giant 0,012 0.030 0 .038 0.200 0, 049 0.147 O. 191 

Common 0.017 0.009 0.022 0.025 0 .061 0.028 0.089 
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GLOSSARY 

Definition of terms as used in this thesis. 

1. AN ELONGATED STEM 

A stem which has a visible internode longer than three millimetres. 

2. CULTIVAR 

An a.ssemblage of cultivated plants which is clearly distinguished 

by any characters and which retains its distinguishing characters 

when reproduced, sexually or asexually. 

3. INDUCTIVE PHOTOPERIOD 

A photoperiod that has the potential to bring about inflorescence 

initiation. 

4. INFLORESCENCE 

A flowering shoot bearing more than one flower. 

5. INFLORESCENCE INDUCTION 

When the first biochemical events occur at the apex that lead to 

inflorescence initiation. 

6 . INFLORESCENCE INITIATION 

Ia the transformation of the shoot apical meristem from a 

vegetative axis to a potentially reproductive axis. 

7. MACROSCOPICALLY VISIBLE INFLORESCENCE 

An inflorescence visible to the naked eye (can be aborted). 
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