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INTRODUCTION 

Eryngium vesiculosum Labill. is a plant commonly 

found in sandy coastal flat in New Zealand. Some 

preliminary obs e rvations (pers comm. Veale) had suggested 

that flowering in this specie s might be controlled by the 

external environme nt espe cially with r espect to daylcng th. 

Normally the ma ture plant has oblong and dissected leav e s 

but in the shade the l e aves tend to have less dissection 

and this change in leaf form serve s a s a useful f eature 

for morphologic a l investiga tions. Anoth e r interesting 

f eatur e of the p l a nt is tha t it pr oduc e s runners like the 

-strawberry plant. The p l a nt a lso p roduces dau ghter plants 

on the runners and late r a l bra nches. The production of 

thes e organs, which enabl0s a l a r ge f a mily of homogen ous 

pla nts to b e r a i sed r api d ly by v ege t a tive propagation is 

ano the r f eatur e which would make this plant use ful 

exp e rime nta l ma t eria l. Th e obj e ct of this stud y is to 

obta in some information on the e ff ects of light inte n s ity, 

daylel)€th a nd nitroge n on flow ering , l e af morphology and 

a na tomy and p l a nt growth. 

Much work h a s b e en c arried out on the e ffects of the 

three ext ernal f a ctors us ed in this study on many plant 

species but none on E. vesiculosum. Because of the 

absence of such information on this plant, the review of 

literature include s other plant species thus making it more 

voluminous than otherwise would b e . For obvious reasons 

the review has been limited to present only the salient 

responses of some plant specie s to light intensity, day­

length and nitrogen. 
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CHAPrER I. REVIEW OF LITERATURE 

1.1 PLANT RESPONSES TO LIGHT INTENSITY 

Plant s grown in different light intensities show character­

istic and well known differences in growth and development. One 

of the first experiments on light i ntensity effects on plants was 

carried out by Lubimenko (1908 ) who found that_ the amount of dry 

matter production increased with increasing light intensity up to 

a certain maximum and then decreased . Other early investigators 

including Garner and Allard (1 920 ), Popp (1920 ) and Shirley (1929) 

were in general agreement that under shading , plants were reduced 

in their growth . 

A considerably detailed i nves tigat i on of the effects of 

light in.tensity on the vegetative growth of 22 herbaceous species 

has been conducted by Blaclman and his followers (Blackman and 

Rutter , 1948; Blackman and Wilson , 1951a , b ; Blackman , Black &nd 

Kemp , 1955; Blackman and Black, 1959; Blackman , 1961) . The 

growth affected by light intensity was evaluated in terms of 

r e l a tive growth rate and other attributes of classica l growth 

analysis . They observed that changes in l eaf area ratio and net 

assimilation rates over the range of 0 .1 to 1.0 (full) sunlight 

were linearly r el a t ed to the l ogarithm of the light intensity. 

The relative growth rate which i s the product of l eaf area ratio 

and net assimilation r a te was curvilinearly related to logarithm 

of light intensity. This is in agreement with the recent finding 

of Wilson (1967). Using multiple regression analysis, he found 

that net assimilation rate increased linearly with radiation in 
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rape (Brassica napus), sunflower (Helianthus ann~us) and maize 

(Zeas mays) . Further, he found the l eaf area ratio to decrease 

and relative growth rate to increase with radiation . 

In the discussion of the effect of external factors on 

growth a ttributes, the effect of plant age needs to be consider ed . 

Evidence on this effect is conflicting . Experiments have indicated 

that there were no significant trends in net assimilation rate 

with age during the vegetative phase (Heath, 1937; Blackman and 

Wilson, 1951a) . Watson (1947) pointed out tha t where seasonal 

trends were observed these can be attributed to seasonal variations 

in climatic factors, r ather than to plant age . The introduction 

of controlled environment opportunity which eliminates the effec t 

of fluctuating external environment al factors enabl es investigators 

to examine more critically than before the effect of age on growth 

parameters . Throne (1960, 1961) found that rdative growth rate, 

net assimila tion rate and leaf ar ea r ati o of sugar beet, potato and 

barley to drift with time i n growth r ooms . Eagles (1969) working 

on t wo natural populations of Dactylis glomera ta in controlled 

environments, found r elative growth re.t e t o decline with age . 

The ne t ass imila tion r a te of wheat, on a leaf ar ea basis was found 

to decrease with time under controlled conditions (Friend, 1969). 

Light intensity can affect the morphology and anatomy of a 

leaf during its development , The generalisation has been made 

that high light intensity produces smaller l eaves than those pro­

duced in the shade . This conclusi on has beon reached by many 

investigators, including Penfound (1931) for Polygonium and 
I 
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unwatered Helianthus, Blackman (1934) for tomato, Cormack and Gorl1am 

(1953, 1955) for Menziesia glabella, Lonicer a glaucescens and Vicia 

arnericana and Newton (1963) for Cucumis sati:vus . In contrast 

Milthorpe (1943 ) observed that l eaf area of flax declined with a 

decreasing light intensity. Similarly Milthorpe and Newton (1963) 

found that sun leaves of Cucumis sativus were larger in area than 

shade l eaves . 

The influence of light intensity on l eaf shape has been 

studied by many investi gators . Njoku (1956 ) found tha t Ipowea 

caerul ea plants a lready forming lobed leaves r everted t o the pro­

duction of entire leaves when transferred t o deep shade . The 

l ength :breadth r ati o is often used in the study of l eaf sh2.pe. 

Bensink (1960) found that l ength :bree.dth ratio of l e ttuce decreased 

with an increase in light intensity . Thi s finding agrees with 

the results of Abery (1943) on Lobelia dortmanna. Leaves formed 

on plants grown at low light intensity were longer than those grovm 

a t high light intensity for several species including Vicia americana 

Cormack (1955), wheat (Friend and Pomeroy, 1970) and Lolium 

(Wil son and Cooper, 1969). 

Recent work on the effec t of environment a l conditions on 

l eaf size had placed importance on cell number and cell size as 

two a ttributes in determining the ultimate size of the leaf. 

Humphries and Wheel er (1960 ) working with Phaseolus v~lgaris l eaf 

disks noticed that light increased cel l size and cell division. 

They concluded that leaf expansion by illumination was caused 

partly by increased cell division and partly by increased cell 
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size, but that increased cell size was more important than cell 

divisi on . The conclusion was confirmed by Bulter (1963) on ~road 

hean seedlings . In contrast Friend and Pomeroy (1970 ) found that 

high light intensity decreased epidermal cell length and number in 

the spring variety Marquis and wint er vari ety Kharkov wheat . The 

effect of light intensity on mesophyll ce ll s was sim:il.v.· to that on 

the epidermal cel ls. The upper and lower epidermal cell size of 

Menziesia glabella and Lonicera glaucescc" s are also r eported to 

be increased with decreased light intensity (Cormack and Gorham , 

1953) . 

Cormack and Gorham (1953) also studied the effect of light 

intensi t y on stomatal frequency . They found that stoma t a were 

more numerous per unit area in sun l eaves than in shade l oaves . 

This r esult is in agreement with the work of Cooper and Qualls (1967) 

on lucerne and birdsfoot trefoil, of Friend and Pomer oy (1970) on 

two varieties of wheat and of Bjorkman and Holmgren (1963 ) on 

Solidago virgaurea but is in contrast witli the data of Penfound 

(1931) on Helianthus, of Cormack (1953 ) on Vicia a.mericana and of 

Wilson and Cooper (1969) on Lolium. 

Besides affecting stoma tal frequency, shading also affects 

stomatal size . Leaves of Lolium grown in weaker light had much 

small er s t omata than those grown in stronger light (Wilson and 

Cooper , 1969) . The work of Cameron (1969) on Eucal_Il)_!;ns fastigata 

showed that the abaxial surface of juvenile l eaves of plants in 

40% sunlight possessed smaller stomata than juvenile leaves from 

plants grown in full sunlight while intermediate leaves possessed 
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largest stomata when shaded to 4o% sunlight. 

Literature on the effect of shading on chlorophyll cont ent 

is limited and contradictory. Shade l eaves of species E. fastigata 

(Cameron, 1969 ) lucerne and birdsfoot trefoil (Cooper and Qualls, 

1967) contained significantly l ess chlorophyll per unit leaf area 

than sun leaves . On a unit l eaf wei ght basis however, shade leaves 

had more chlorophyll (Cooper and Quall s, 1967). By contrast, 

Evans and Hughes (1961) found that the amount of chlorophyll per 

unit leaf area was roughly tho same for a ll l evel s of shading, 

although the content on a dry weight or fresh we i gh t basis showed 

a systematic increase with shading. 

It is i mportant to appreciate that l i ght intensity may not 

be solely responsible for morphological and anatomical changes. 

Other f actors are involved and ar e r eviewed by Shields (1950). 

The effect of light intensi ty is often highly correlated wi th 

temperature . For example leaf size and shape a r e oft en affected by 

tci;:.perature. Friend r:':t I,L (1 962 ) growing Iviarquis spring wheat in 

sand culture at different t emperatures found that the greatest area 

of individual leaves was formed at 20°c . The effec t of temperature 

on leaf shape have been observed by several investigators. 

Schwabe (1957) found that Chrysanthemum leaves were much more di-

sected at 17°c than at 27°c. The wor k of Fisher (1960) on Ranun-

culus hirtus showed that although light intensity had no effect on 

leaf shape, temper ature had a pronounced effect. Leaves produced 

a t 20°c were of the undivided 0 form wher eas at 10 C they were the 

deeply three-lobed form. Leaf shape in lettuce and Eucalyptus 



were reported to be regulated by temperature (Bensink, 1960; 

Scurfield, 1961) . 

1. 2. PLANT RESPONSES TO PHOTOPERIOD 

6 

The great vari e ty of plant processes influenced by photo-

period is enormous . Pigment synthesis, organic acid content of 

the leaves , accumulation of food reserves in leaf bases of bulbing 

plants or rhizomatous stems are influenced by photoperiod . Many 

morphological and anatomical phenomena are now la1own to be affected 

by daylength . Breaking of dormancy in s eeds and buds, rooting of 

leafy cuttings, vegetative development, flowering and senescence 

are in many cases r egul a ted by light dura tion . 

Literature concerning the photoperiodic control of flowering 

has become voluminous, and excellent r eviews are found in Hillman 

(1962), Salisbury (1963), Lang (1965), Searl (1965), Evans (1969) 

and others . 

Flowering has been known to be regulated by developmental 

and environmental factors . That plants will not fl ower until they 

have passed a certain developmental stage have been r ecorded . 

Klebs (1913) established the term "ripeness to flower" to describe 

the apparent necessity for plants to produce a number of l eaves 

before they are capable of flowering . Purvi s (1934) introduced 

the concept of minimal leaf number as a measure of this develop 

mental phase. Minimal leaf numbers for several species have been 

determined by some investigators (Barber and Paton, 1952; Leopold 

and Guernsey, 1953; Holdsworth, 1956) . 



7 

The control of flowering by d.aylongth was discovered by 

Garner and Allard (1920) . They were able actually to control 

flowering in some species and quantitatively to hasten or delay it 

i n others . They gTouped the photoperiodic responses of plants 

into three classes : short day plants (SDP), long day plants (LDP) 

and indeterminate plants . Among both short day plants and long 

day plants some species may be strictly dependent on daylength for 

flowering ; while others may be only quantitatively hastened or 

delayed in flowering by the photoperiod. 

The photoperiodic response of plants to flowering does not 

necessarily mean the influence is due to the specific length of 

the day . The i nfluence may be due t o the quantity of light being 

supplied. Influences of quantity of light on fl owering is shown 

by Haupt (1958 ) on pens . 

A large ar.:iount of work has been done to elucidate the mecha­

nism of flower induction and the present understanding of this topic 

has been recently reviewed (Evans , 1969 ). 

Plant vigour has beon found to be influenced by photoperiod. 

Th . Fries (1918) comparing fresh and dry weight, l eaf number etc . 

of several species gTown in continuous daylight with those of 12 

hour day under arcti c conditions found in nearly all cases the 

largest plants were obtained in continuous daylight . Schwabe (1956) 

also found that reduction of the daily photoperiod had adverse 

effects on overall ~Towth of KalanchQe plossfieldiana, Xanthiwn 

pennsylvanicwn, Hyoscyamus niger and Beta vulgaris . The effect of 
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photoperiod on growth may be complicated by the f act that top and 

root gTowth may have different responses to daylength . There wa s 

no difference in the t ot a l growth of Bromus inermis in 13 and 18 

hour daylengths, but top growth exceeded root growth in long days, 

while it was l es s than r oot growth in short days (Gall, 1947). 

In Festuca arundinacea photoperiod had no net effect on growth 

because greater tillering and better r oot growth under short days 

offset the better leaf gr owth under l ong days (Templ eton, Mott and 

Bula, 1961). 

The size and shape of the l eaf may be influenced by daylength . 

Gener ally the largest l eaf ar ea was a ttained by a l ong day plant 

under short day conditions (Bunning, 1956). Conversely short day 

plants sometimes produced l arges t l eaves under long days (Bunning, 

1956; Schwabe , 1957). However, Borthwick, Parker and Scully 

(1943) working on the l ong day plant, Taraxacum kok-saghyz found 

that l eaf ar ea increased mor e in l ong than in short days. Banga 

(1952) also found that i n l ong days the long day plant , r ed beet 

formed l~gest l eaves . It appears there is no definite trend 

about photoperiod and l eaf size . 

Not all workers accept the view that light has an effect on 

leaf shape. Ashby (1948) proposed that some instances of hetero 

blastic development were due to a response of leaf shape to l ength 

of day. However Allsopp (1965) pointed out that although there 

were numerous instances of a marked effect of day length on leaf 

shape, yet the length of day can be of little fundamental signifi­

cance in heteroblastic development, since in many pmants the normal 
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course of ontogeny was carried out even under constant lighting 

conditions. 

cited hero. 

A f ew examples of daylength effect on leaf shape are 

Leaves of Sesamum orientale which normally were entire 

marginal and simple on 10 and 11 hour photoperiod, were compound on 

15 and 16 hour photoperiod.(Sen Gupta aJ1d Payne, 1947). Binet 

(1958 ) found i n Ulex europaeus that short days increased the for­

mation of trifoliate l eaves while l ong days f avoured the production 

of simple l eaves . Leaf shape in Chrysanthemum , Kalanct::::.e and 

:1v..cmoee, were reported to be regulated by photoperiod (Ashby, 1950; 

Schwabe , 1956). The increas ed carbohydra te production under 

l onger days might well be r esponsible for the ch~nges in leaf 

shape r a ther than the l ength of day aG such . The effect of 

increasing carbohydrates and daylength wer e not partiti. :-:1'Ddin these 

examples . 

1.3. PLANT RESPONSES TO NITROGEN 

The lack of nitr0gen will seriously hamper t he growth of 

plant organs , through a r eduction of protein synthesis a.nd the con-

sequent r es triction of meristematic activity is obvious . Conversely 

an ample supply of nitrogen would favour protein $ynthesis and 

thus increas e meristematic activity, leading to luxuriant growth 

and generally increased vigour. 

The effect of nitrogen on plant growth was studied by 

several investigators. Withrow (1945) demonstrated that in both 

long and short day plants, abundant nitrogen supply generally 

favoured heavier and taller plants. This observation was confirmed 

by Loustalot and Winters (1948) who found that a low nitrogen 
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supply merkedly depre ssed the growth of Cinchona ledgeriana seed­

lings . Ballard and Petrie (1936) found that increasing initial 

nitrogen supply caused at first a depression in dry weight . The 

depression passed off with time and provided the supply did not 

exceed some optimum value determined by the conditions and species, 

gave place t o an increE1.se . There is contradictory evidence on 

the r esponse of net assimilation r a te on nitrogen treRtment . 

Gregory and Baptiste (1936) r eported that up to the time of maximum 

leaf area, net assimilation rate was independent of nitrogen 

supply for b~rley. However when l eaf area was decreasing from 

its maxi mum , the net assimilation r ate of nitrogen deficient plants 

was less than that of plants supplied with complete nutrient 

(Mather , 1933). Gregory and Baptiste (1936) nttributed this 

observation to the presence of a large number of senescent leaves 

in plants under nitrogen deficiency than i n plants under complete 

nutrient . By contrast Ballard and Petrie (1936) observed that 

the Net ass imilation rate can be increased by nitrogen treatment . 

William (1946) on Phalaris tuber osum found that net ass i mila tion 

rate was not affected by nitrogen supply in the eA.rly stages of 

growth but increased significantly later even when leaf weight and 

area were still increasing. Wa tson (1947) found that nitrogen tr 

treatment increased the net assimilation rate of barley in the period 

before maximum leaf area and that of mangolds throughout the whole 

growth period. These few examples show tha t further analysis of 

this phenomenon is desirable . 

There is general agreement among investigators on the effect 

of nitrogen on shoot :root ratios . One of the early experiments on 

nitrogen effect on shoot:root r a tio was done by Turner (1922) who 

found tha t increasing nitrate concentration favoured a high 
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shoot:root ratio for barley. This was confirmed by severa l inves­

tigators including Reid (1924, 1929 a ,b), Weisman (1950) Curtis and 

Clarke (1950), and Side:rie and Young (1950) who found that when 

nitrogen was low there was a decreas e in shoot growth and an 

increase in r oo t growth thus resulting in a l ow shoot:root ratio. 

It is r ecognised t ha t l eaf f or m could be affected by the 

nitrogen supply. Arney (1952) found epider mal cells in Kale were 

about 10 percent larger in high nitrogen plants, but l eaf size in­

creased more than this. Morton and Watson (1948) confirr~ed this 

finding. Nj oku (1957) studying the effect of mi ner a l nutrition 

on l eaf shape in Ipomoea caerulea f ound tha t nitrogen supply had 

the great est effect, on a nodal basis, on l eaf shape . The l eaves 

of plants from a hi gh nitrogen supply wer e l ess deeply l obed than 

those of the control plan t s . 

The structural f eatures of the l eaf such as s t omat al fre­

quency, l eaf t hickness, cell rn.1.I;i.ber, cell size and chlor ophyll 

cont ent may be affected by nitrogen treatment. In pot a to l eaves, 

nitrogen ha.s no effect on cell size , but increased the cell number 

(Humphries and French, 1962) . Nitrogen is essential in the 

s tructure of the protochlorophyll and chlorophyll mol ecules . It 

is well known that nitrogenous f ertilisers produce remarkably green 

leaves, while a deficiency of nitrogen makes them yellow . Raper 

(1966) working with tobacco plants i n the field found that plants 

grown under nitrogen stress not serious enough t o cause acute 

defioiency were slightly yellow indica ting a r eduction in chloro­

phyll content. Greig, Mot es and Al-Tikriti (1968) also r eported 
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that increased nitrogen supply enhanced the chlorophyll content in 

the spinach plant. 

During the early 1900 1 s there was much speculation about 

the importance of nutrition to flowering. Klebs (1903) and Kraus 

and Krybill (1918) considered that an excess of carbohydrates 

favoured flowering. In l ong photoperiod, it has been f ound that 

the macroscopic flower buds of long day plants oft en appear earlier 

in l ow nitrogen than in high nitrogen supply. This situation is 

examplified in long day plants , such as spinach (Knott, 1940) and 

mustard (El. Hinnawy, 1956). Conversely, certain short day plants 

such as Xanthium (Neidle , 1939) and soybean (Scully, Parker and 

Borthwick, 1945) in a short photoperiod favourable for flowering 

and defi,ient in nitrogen tend to develop macroscopic fl ower buds 

later than high nitrogen plants . In gener a l an abundant supply 

of nitrogen appears t o hasten fl owering ·in short day plants and 

delay flowering in l ong day plants. There appears to be an irnpor-

tant interaction of photoperiod and nitrogen on flowering , as shown 

by the work of Bla.~e and Harris (1960). They reported that l ow 

nitrogen supply delayed flower initiation in carnation only in 

photoperiods unfavourable to fl owering, namely short days . The 

effect of nitrogen on inflorescence initiation in grasses has a lso 

been investigated. Calder and Cooper (1961) found that high 

nitrogen supply promoted floral initiation in cocksfoot. 

Though these reports indicated that nitrogen supply can 

affect time of flowering , they did not show whether the effect was 

through influences on flower development or flower initiation or 



both. 

13 

Leopold (1951) stated that nitrogen had very little or no 

influence on floral initia tion. 
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CHAPTER II THE PLANT 

2 .1 SOURCE 

The plant Eryngium ve s iculosum Labill.was g rown fr om 

seeds harvested f rom clonal mater i a l mainta ined by Pro fesso r J.A. 

Veale, Department of Horti culture , Massey University, 

Palmers ton North , New Zealand and or i ginat ing from samp l es 

collected a t Birdlings Flat, Canterbury . 

2 .2 THE PLANT 

The plant has been described by a few invest igators 

including Allen ( 1961) . I t i s a smal l tufted perrenial herb 

belonging to the Umbel li ferae . Diagram 2 . 1 shows t he mature 

plant with its roots, leaves, runner, l a teral branches and 

inflorescences. 

2 . 2 .1 The Root 

The p l ant has a short rootstock and a number of lon g 

stou t late r al roots (Plate I a ) Old roots a re r eplaced by ne w ones 

as shown in Plate I b . The ro ots are thickish ( 0.5cm .) end 

wh itis h in c olour , t urning to brown and black as t hey age. 

2 . 2 . 2 The Leaf 

The plant has numerous radi cal leaves arranged in a rosette 

on the crown and these a re varie d in size and shape . Varations 

occur between successive leaves wi thin a single p l ant (Plate II ). 

Var i ation of this kind , where the juvenile and adult forms of 

leaves are .s trikingly different, is referred to as heteroblastic 

development . 



r.l . 

r . 

d.p . = daughter plant 
i . = inflorescence 

l.b . = lateral branch 

r. = runner 

r . l . = runner leaf 

r.s. = root system 
ra.l. = radical leaf 

Diagram 2.1. The plant Eryngium vesiculosum Labil I. X ½ 



(a) 

1 2 3 

Plate II. 

5 - 6 7 8 · 

Pl a t _ Ia and b. (a) Root 
sys tem sho wing the long 
stout laterial roots. 
x. 75 (b) Old root (o) 
with ne w root (n) 
initiated beside it , 
x1 . 25 

9 10 11 

Successive leaves within a s ingle Elant showing 
variation in leaf shape . X~50 LHighest number 
represents the latest lealj 
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The juvenile leaves are narrow column almost filiform 

with their margins entire but these range through to the 

adult leaves which are somewhat rigid, lanceolate or oblanceolate 

with margins deeply toothed. The teeth a r e spinous and about 

5mm. long. Plants growing in intense shade have the juvenile 

form of leaves (1 - 5 , Plate II)~ The length of the leave s which 

narrows into a pe tiole extends from 4 - 15cm •. All have hollow 

midribs and are of a dist i nctiv e bluish ~r8cn colour. 

The pair of leaves at each node on the runner is smaller 

and has less teeth than the adult radical leaves (Pl a te III) . 

2 . 2 . 3 The Runner 

As far as the author is aware the plant only produc es 

runners after flower initia tion, although some plants have been 

observed to produce runners without flow ring ~v cntu ·1tinG 

(per comm . Ve ~le. ) 

The runners 2 to 8 per plant are prostrate rooting at 

the nodes and reaching up to 60 cm . in length . A pair of 

l eaves and a inflorescence are located at e a ch node (Plate III) 

although somet i mes the inflore scence at the node is abortive . 

Also each node may have a daughter plant (Plate IV) . 

2 . 2 . 4 The Inflorescence 

The flowering axis is short and leafless a ri s ing from 

the central rosette and from the nodes of the runners . Each 

flo .'Jeriq:; axis terminate s with a umbel (Plate V) . The umbel is 

an indeterminate type of inflorescence whose flowers do not 

reach maturity simultaneously , the outer flowers opening before 

the inner . Each inflorescence, about 2 . 0 cm . in diameter , has 
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Plate III. 

A pair of l eave s 
at node of runner. 

Note root initials 
at the node 

Plate IV 

A daughter plant 
with ro ots formed 
at the node of 
runner X1 •• O 

P late V 

A hem i spherical umbe 
on a short flowerin g 
axis . · X1. 25 
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20 to 40 flowerR . No furthe~ leaves Are p roduced on the central 

axis after thA inflorescenc~ is i~itiuted and flowering is 

observed in natural habitat from November tJ Februar~. 

2.2 . 5 The Flower 

~ach :Plower is subtended l:y n lar,cnolRte c:t.)1d 1spi:-:0us 

bract about 1 . 2 cm . long ~~ic~ is often lnnger then the flo~er 

and ;1 i th hyaL.ne wine forr.iins 2, shc,,i;hing bace C ·1::. te VI) . 

The flower is actinomorphic with the calyx of five sepals 

adna~e to the cvary . The sepalc e~a ~rnct a~d ovate ·ith narro~ 

hyaline ~ingcd margins while the carolla of five Jcta l s is ap i cally 

inflexec1
• 'I'lle petal s wh icll ar: · .. ·1.1it,~ and aboi;. t -~:~e leng th '.:of 

the sepals have a ke8l project i ns i~w1rds end ~ith rnar~ins 

protrud ing from between the sepals . 

The five stamens which 2lternate u ith the petals a rise 

£rem an epigynous d i sk which forms two lobed semicircular cushions 

surround ing the bases of the two filamentous styles. The anthers 

a re two cellet, dorifixed and hehisc ing longit~dinally wh ile the 

stigmatic tip of e2ch style i s ~ounde~ (Plate VIb) . 

i s inferior and covered with over~ ~pp i~f vesicular sc~les as 

illustrated in Plate VI. 

2.2.6 ~~~ Fru i t 

The fruit is a schizoca~p conpoun~8d 0f t ~o rrer icarp~ 

coherent and deh i scing by their commissure~ Each fruit is 

ovRl with the pers i stant sepals , petals and styles at one end 

(Pl c1.te VIIa) . The seed when mature bqs a dark ~~o~n t Gsta 
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Plate VI (a) X90 
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(b) X90 

(a) The flower sub t ended by a bract with hyaline sheathing bas e. 
Note th e 5 stamens and 2 styl es 

( b) An older flo wer with its ma tured style s.S tigma tic tips ar e 
rounded and most of the stnmens have dropped off . The 
Stamens ma ture earlier t han the style s . 

Plate VII (a) X90 (b) X90 

(a) A sch i zocarp compound fruit with vesicular scales on it . 
The Calyx , corolla and styles are s till at one end . 

(b) Two mericar ps dehise at their commissure . 



covered with vesicular sca les (Plate VIIb). 
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Seeds did not 

show good germination just after collect ion but observ ed to do 

so after having been retained for a p eriod of possible maturat ion. 

2. 3 VEGETATIVE PROPAGATION 

The runner grows horizontally a long the ground and 

forms a new plant at each node . The daughter plant at each node 

t ake s root but remains attached to the mother plant for s ome 

time . The connecting runner dies eventually and each daughter 

pl ant becomes an independent unit. The daughter plants which 

have r ooted a re dug and then transplanted. 

Another method of ve getative propagat ion is be means of 

lateral branches . At the base of the ma in stem of the parent 

plant l ateral branches or offsets may develop . 

remov ed by cutting the m close to the ma in stem . 

These offsets are 

If the offset 

is roote d i t can be potted as is done with any rooted cutting. 

I f insufficient root s are pre sen t, the offset is placed in a 

suitable ro oting medium and treated as a leaf stem cut ting . 



CHAPTER III 

3.1 

CULTURAL ENVIRONMENT Ai\1D METHODS 

CULTURAL ENVIRONMENI' 

3.1.1 The Glasshouse 
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All the experiments were conducted i n a 12 1 x 18 1 Hartley 

glasshouse orientated in an ea st-west direction at the Pl ant 

Physiology :Ci.vision, D. S .I. R., Palmer Gton Nort h , New Zealand. 

The gb.sshouse is equipped with t hermosfo tically controlled 

vents, heaters and co~ling system. This a llows te:npera ture to be 

controlled within about+ 3°c of t he desired mean value . 

3.1.2 The Temperature 

In a ll the experiments t he plants were • a i ntained at an 

average day temperature of 25° .2: 3°c and an aver2ge ni ght temper a -

ture of 15° ! 3°c. Mean temperatures during th"' experimental 

periods ar e shown in Appendix I. 

3.1.3 The Light Ener gy 
==-= -- = 
The light energy de. t a have been prepared. :fr c,r::i the records 

of t he Pl ant Physiology Di vision Me t eorological Sb1t i on over the 

experimental period, the station being situated c.pproximately 50 

yards from the glasshouse. The amount of light energy falling on 

the plants inside the glasshouse was obtained directly from the 

measurement of total solar r adia tion outside multiplied by the 

appropriate transmission f a ctor of the glass. Table of the 

solar energy for the various experimental pericds is shown in 

Appendix I. 
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3. 1. 4 The Daylengt!2, 

In all daylength experiments two daylengths of 16 hours 

(long) and 8 hours (short) were employed. The long daylength 

was achieved by extending the natural day with supplementary 

light of a~proximate ly 8b f~c. a t plant level given from 4 a .m. 

to sunrise and sunset to 8 p.m. The short daylength was 

achieved by lov,ering t he plants a.fter 8 hours of daylight into a 

bay and covering it with a black light proof curtai n . The 

difference in t emperature in the long day and short day trea tments 

did not vary more than 1°c (pers. comm. Hicks). 

3.1.5 The Shadings 

There are three levels of shading. 

Shading I is the light i 1, tensity obtained in the gl ass-

house. Measurements ( see Appemlix IIa) indicated tho.t t he light 

in the glasshouse was about 77;{, of full daylight. For 

convenience i n t his investigat ion this level is r eferred to a s 

'full' daylight. The other two levels of shadings were cbtained 

by means of two types of Sarlon material placed on light metal 

frames over the plants in the glasshouse. 

The transoission levels of the t wo materials for Shadings 

2 and 3 were measured by two methods. EEL I,ightmaster with a 

self contained galvanometer calibrated in f.c. was used to provide 

a relationship with photometric units, while a Eppley pyrhelio­

meter calibrated in cal/cm2/day provided e. relationship with 

energy units. 

Using the EEL Lightmaster, measurements were made a t 
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diffe r ent times during the day. A check reading was taken with 

t he r ecording head exposed to " full " daylight and aft er pushi ng 

the r ecording head carefully under t he ma terial a t t he level of 

the plant leaves a second r eadi ng wa s taken. 

shovm in Appendix IIb. 

The r eadings ar e 

Readings r ecorded by the Eppley pyrheliometer a t plant 

leaf l evel over one day is presented i n Appendix Ilb . 

Comparison be t ween r eadings of the EEL Lightoastcr and 

t he Eppley pyr heliometer showed that transmission i n Shadings 2 

a nd 3 det ermined by t he two me t hods did not differ much . 'rhe 

tra nsmission i n t he ShaJi ngs 2 and 3 ba sed on t he EEL Light-

master was 52.7}{ e.nd 42 . 8% r espective l y. Based on t he Eppl ey 

pyr he liomete r the corresponding fi gur e wa s 51 . OC;{; and 42 . 17~ . 

The means of the r eaclings from both me thods were t ,3.ken to 

be a good estimat e of the trnnsmission in Shadings 2 and. 3, which 

were 51 . 9:;6 anc1 42 . 4% r espectivel y . 

For use in t hi s study , these fi gur·es wer e r ounded of f and 

r e f erred to a s 52% 2-nd 1~2?:; a nd the loga.ri t hm conversi on were 

based on these l a tter fi gures. 

Tempera ture variat ions i n the shade were de termined by 

measuring the soil tempera ture a t different times of the day 

over a few dn.ys. At no time did t he tempera ture ve..ry more than 

3°c in t he different shadings (see Appendix III). This level of 

variation wa s not considered an important source of error i n 

these investigations. 
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3.2 CULTURAL METHODS 

3.2.1 9rowing of the Plant 

The seeds were sown in seed boxes in 3;1 peat and 

sand mixture re spectiv e ly. After ab out 1 0 weeks when th e 

seedlings attained 4-5 emerg ed leaves the y were transplanted 

to 3-inch P.V . C. square pots containing we ll washed river 

sand . After about a fortnight in the propagating house the 

plants were assigned to tr eatments. They wer e matched into 

groups visua lly, the number depending on th e experimen t and 

each group was assign2d to its treatment . P la,1 ts that were 

not used immediately were maintained in a ve ge tative state 

by keeping th em in 8 hour Czylength . 

Nutrien t used in all the expe riments was th e nitrate-

typ e nutrient solution described by Hewitt (1966) with a few 

modific .:i t:ion s . The high nitrogen nutr i e nt solution contain-

ing 250 ppm N was obta ined by th e addition of L\N0
3 

to 

Hewitt's nutrient solution. Calcium was suppli0d by CaC1
2 

The low nitrogen nutrient solution 

containing 57 ppm N was achiev~d by replacing Qa(N0
3

)
2 

with 

In both solutions iron chelate was used inst ead of 

iron citrate. Because of the large volumes required, 

solutions were m~de up with tap water . The pH of the two 

solutions was 6.5. The composition of the two nutrient 

solutions is shown in Appendix IV. 
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3 . 2 . 3 ~~~_t eri~ 

Th0 p l an ts were watered on a lterna t e days with their 

r espective nutri en t solutions . Enough solution was us e d 

to a llow a small loss t o drainag e . .;✓ a t e r alone was 

applied on oth e r days when ne c e s sary to provide adequat e 

moisture for t he p lants . 

to lea ch a ccumula t 0d salts . 

Once a week water a l one was us ed 



CHAPTER IV. EFFECTS OF LIGHT II\1TENSITY AND 

NITROGEN ON E . VESICULOSUM . 

ANATOMY AND MORPHOLOGY 

4 .1.1. Experimental Design 
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The QXperiment was designed to study the effects of diff erent 

light intensity and ni trogen levels on leaf anatomy and morphology 

and involved eight blocks of a split-plot design . Each block was 

divided into three plots (main plots) of light intensity treatments 

\full, 52% and 42% daylight) . The nitrogen t reatments which were 

low (57 ppm N) and high (250 Ppm N) were randomised within the 

main plots . Each subplot was a single pot- pl ant . 

Four blocks were allocated for the determination of cell 

size, cel l nurJber, chlor ophyll content and stomatal characteristics . 

The other f our bl ocks were used for the determination of leaf shape . 

4.1. 2. Experimental Methods 

4.1. 2.1. Determination of Total Cell Number 

The determination of cell numbers was by a maceration t ech-

nique based on that developed by Brown & Rickless (1949) . Samples 

for cell number determination consi sted of two discs cut out of the 

fully expanded leaves with a known diameter cork borer . All 

samples wer e taken from leaves of corresponding age , i. e . leaf 

number 10. The discs were i mmersed in 4 ml . of 5% w/v solution 

of chromic acid and l eft overnight a t room temperature. Next 

day they were broken up by shaking and finally completely macerated 

by drawing up and squirting back into the fluid approximately 150 

times.with a pipette until the suspension was homogenous to the 

naked eye . In all cases this procedure was sufficient to ensure 
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that most of the cells were separated and clumps did not contain 

more than half a dozen cells . 

The number of cells in an aliquot of suspension was deter­

mined by using Fuchs Rosenthal haemocytcmeter with a gTiddled area 

of 9 rnm. 2 and a depth of 0.2 mm . , giving a volume of 1 . 8 mm . 3• The 

means of four aliqu ots of each suspension was used t o calculate 

the total number of cells in the original solution. 

was shaken before each aliquot was taken bye. pipette. 

The suspension 

The r esult 

was expressed as total number of cells per unit l eaf area ( /mm. 2 ). 

Total number of cells used in this t ext is defined as total nurnber 

of epidE;rmal and rnesophyll cells . 

4 . 1 . 2 . 2 . Preparation of Epidermal Strips 

ThG epidermal strips were prepared from ful ly expanded 

l eaves of similar agG . The lec.ves vmre blanchGd in boiling water 

for about 30 seconds and this treatm0nt softened the tissues so 

tha t the epidermi s could be peoled off with fine forceps . The 

ado.xial Gpidernis was used because it vms easier to peel than the 

abaxial . 

The epidermal pee::ls were washed in distilled water, stained 

in Harris haemotoxylin for 20 minutes, blued with tap water, washed 

with distilled wat er , dehydrated with ?CP/o, 95%, 10o% ethyl alcohol , 

cleared and mounted in Xam . The prepared slides were used for the 

determinations of cell size, stomatal size and frequency . For 

each plant one epidermal strip was prepared . 

Determination of Epidermal Cell Size 

Determination of cell size wns made from measurements of 



29 

epidermal cells using the prepared slides. 

Three randomly sampled fields (avoiding the main vein) from 

each slide were photographed at X400. 

estimate the cell area , 

Photographs were used to 

Ce ll area was determined 

by measuring the area of groups of f our cells by planimeter. The 

mean of three readings were taken in each case . Five groups of 

f our cells were deteTinined for each sample . Cell area was calcu-

lated knowing the magnification of the photographs , In all cases 

stomata wer e excluded in the mea surements . The area was measured 

. . ( 2) in square microns u • 

Determination of Stomatal Frequency 

Stomata l frequency was determined from the prepared slides 

of the epidermal strips . 

Frequency counts were made with an X9 eyepi ece and X45 

2 
objective giving a r ound field area of 0 , 038mm . Six randomly 

sampled fields per slide vrere counted . In all coses the main vein 

was avoided. Any incomplete stoma . in the field was counted as 

a whole stoma . The result was expressed in number of stomata per 

2 
I!fal • 

Determination of Stomatal Size 

Stomata l length and breadth were determined from the pre­

pared slides of the epidermal strips. 

Ten s t omata were measured at random using a microscope 

fitte d with an ocular micrometer . Measurement was in microns (u). 
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4.1.2.6. Determination of Chlorophyll Content 

when . 

Since chlorophyll in detached leaves degrades quite repidly 

exposed to light at normal room temperature (Bray, 1960) 

plants in their pots wer e taken into the laboratory from the glass-

house. The leaves \7Gre l eft intact on the plants until r equired 

for determination . 

Samples of chl orophyll determination consisted of four discs 

cut with a known dianrnter cork borer of the fully expanded terminal 

leaves. The samples were always taken from the same region of 

each leaf i.e. at the centre of the leaf and on each side of the 

main vein. The vreight of the discs was determined by weighing. 

Chlorophyll from the samples was extracted by blending the 

discs in a MSE homogeniser for 8 minutes i n a 4/1 (by volume) mix-

ture of acetone and alcohol . The extract was transferred to a 

graduated centrifuge tube and its volume made up to lOrnl.. The 

extract was centrifuged for about five minutes in a BTL Bench 

Centrifuge run at approxima tely 3000 r . p . m. In all cases 8 min-

utes was sufficient to blend the l eaf discs and 5 minutes was 

adequate to clear the supernatant . A 10 mm . cell was filled wi th 

the supernat~nt and the optical density determined at wavelengths 

645 up and 663 mu in a Hitachi 101 spectrophotometer . 
·' 

The amount of chlorophyll in the sample was ca lcula ted a s: 

Chlorophyll a = (12.7 D 663 - 2.69 D 645) V mg 
1000 

Chlorophyll b (22.9 D 645 - 4.68 D 663) V 
= 1000 mg 

Total Chlorophyll = (20.2 D 645 + 8.02 D 663 ) l~OO mg 
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where Dis the optical density at the wavelength indicated and V 

is the volume of extract (Arnon, 1949). The resul t was expressed 

in chlorophyll content on unit leaf area ba sis (mg./cm.
2

) and 

chlorophyll content on unit fresh leaf weight basis (mg./mg.). 

The determination of chlorophyll a and bin a mixture by 

spectrophotometry assume s tha t neither pigment influences the 

specific absorption of the other . Van Norman (1957) found spectro-

photometer method was l ess reliable when either chlorophyll a orb 

WE S about five times more concentra ted than the other. In this 

invcst~ga,ti on the r ati o of chlorophyll a and b did not increase 

above 2 and this was not considered as an important source of error. 

Determinati cn of Leaf Size and Leflf Shape 

Lee..f size and leE..f shape were t aken on leaf number 8 t o 

leaf nu;,.-ber 12 inclusive . These l eaves were detached from the 

plr:nts and blue printed on Am.'no-Posi ti vc Process Paper . The out-

lines of these leaves were us ed for the measurement of leaf l engt h 

and breadth in cm . 

The l e2f length was measured from the tip of the lamina to 

the base of the petiol e . The breadth was measured at the wides t 

breadth of the l amina. In deeply toothed leaves, a line was 

drawn joining all the bases of the teeth before the wides t breadth 

was measured , as illustrated in Diagram 4.1. 



Diagram 4 ,1, 
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Dotted line joins all the bases of the t ee th 

befor e the v,idest breadt h (b ) was dctGrmined . 

shape . 

The length:breadth r at i o was used to express the l eaf 

A set of phot,Jgraphs was also used to illustrate the 

l eaf shape , 
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4.1.2 . s . Analysi s of Data 

The experiment was a randomised split-plot design with three 

levels of light intensity , two l evel s of nitrogen and replicated 

four times. A standard form of analysis of variance was carri ed 

out for the split-plot design following Snedecor and Cochran (1968) 

To establish which mean differs significantly from other mean least 

significant difference t est (LSD) vms employed . Coeffi ci ent of 

variation was calculated for each anal ysi s. An exampl e of the 

method used is pres0nted in detai l in Appendix V. 

4.1. 3. Results 

The means and standard errors of the raw data a r e in Appendix 

VII and the summaries of the analysis of variance are in Appendix 

VI. The light intensity x nitrogen intt:;ractions were no t signifi­

cant 8nd will not be presented . 

Total Cell Number and Epidermal Cell Size 

The effects of nitrogen on total cell number and epidermal 

cel l size were not statistically significant as shown in Table I. 

a . Light intensi ty trea tment 

The effects of light intensity on total cell number and 

epidermal cell size arc presented in Tabh, I. The treat ment had 

a statistically significant effec t on total cell number (P < 0. 01) 

and epiderma l cell size (P ~ 0.05) . It is evident from Table I 

that t otal cell number increased and epidermal cell size decreased. 

with increasing light intensity. Between the 52% and 42% daylight 

the difference was not statistically significant for total cell 

number and epidermal cell size. The effect of light intensity on 
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epidermal cell size is illustrated in Plate VIII. 

T.ABLE I 

The main effects of light i ntensity and nitrogen 

on total cell number and e;eiderma l cell size . 

Light intensity Result Nitrogen Result 

Character Tull 52% ~ (5%LSD_l 12E High 

Total cell,, -lH<-+ 
number (/mm.:'. ) 6107 4954 4987 (629) 5272 5428 n.s 

Epidermal cell * 
size (u2 ) 1085 1275 1302 (174) 1228 1213 n.s 

+ n.s P 0. 05; * P 0.05; -lf-lE- P 0.01. These notations will 

be used in the rest of the t ext. 

Stomatal Characteristics 

Increasing the nitrogen level from 57 p.p.m. to 250 p.p . m. 

had no significant effects on the stomatal length, the breadth and 

the froquency (Table II). 

a • Light intensi ty treatment 

Analysis of stomatal characteristics over different light 

intensitie s reveals a statistica l difference in stomatal length 

(P~ 0,05) and in stomatal frequency (P ~ 0. 05) but not in stomata.l 

breadth. Stomata from plants grown in full daylight were longer 

and more per unit area than those from plants grown in lower light 

intensitie s as shown in Table II . There was no statistically sig-

nificant difference in stomatal length and frequency in 52% and 

42% daylight . 
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The effects of light intensity on upper epidermal 

cell size. (a) under full daylight, (b) under 

52fo daylight, (c) under 42% daylight (all X 570) 

( a ) 

( b ) 

( C ) 
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TABLE II 

1rhe inain effects of light intensity and 

nitrogen on stomatal characterisitics . 

Light intensity Result Nitrogen Result 

Character Full ~ 42% ( r5%LSD) Low High 

Stomatal l ength * (.p.) 28 . 48 27.79 27.10 (1.00) 27 .63 27 . 96 n.s. 

Stornatal breadth 
~) 18.92 17.48 17.48 n. s. 18.01 17.91 n. s. 

Stomata1 fre- * quency ( /rnm2) 378 299 320 ( 44) 342 323 n. s. 

Leaf Size and Leaf Shape 

a . Light intensity trea tment 

Analysis of variance reveals that the trea tment had statis-

tically significant effects on leaf length (P < 0. 05) and l eaf 

l ength:leaf breadth ratio (P <: 0. 01) but had no significant effect 

on leaf breadth. Leaves from plants in full daylight were shorter 

and their length:breadth ratios were smaller than those from plants 

in lower light intensities (Table III) . Between the lower light 

intensities the difference was statistically significant for the 

length:breadth ratio but not for the l eaf length. The treatment 

effects are illustrated in Plate IX. It can be seen in Plate IX 

that low light intensity retarded the formation of dissected leaves. 

Leaf number 8 to leaf number 12 from plants grown under full day­

light were more dissected than those from plants grown under 52% 

and 42% daylight . 
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TABLE III 

The main effects of light intensity and 

nitrogcm on leaf size and l oaf shaEe• 

Light intensity Result Nitrogen Result 

Character Ml ~ ~ (5%LSD) 12!L High 

Leaf length * (cm) 10.0 13.2 16.5 (3.8) 13.0 13.6 n. s • 

Leaf breadth ,60 . 60 . 65 n . s. . 60 • 63 n. s. 
(cm) 

Leaf length: ** breadth ratio 16.8 22.4 26.6 ( 3. 7) 21.8 22.8 n. s. 

b . Nitrogen treatment 

There was a trend that the high nitrogen level increased the 

leaf length, the breadth and the length:breadth r atio although the 

effect did not reach the 5% level of significance . The treatment 

ap~eared to have a slight influence on the degree of dissection of 

the leaves ; low nitrogen tended to produce l ess dissected leaves 

(Plate IX). 

Chlorophyll Contents. 

a. Light intensity treatment 

The treatment had no statistically significant effects on 

chlorophyll contents measured on a unit fresh leaf weight basis 

but had statistically significant effects on chlorophyll contents 

measured on a unit leaf area basis. It is evident from Table IVa 

that chlorophyll contents on a unit leaf area basis were higher 
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Plate IX (a) Full daylight 

The effects of light intensity and nitrogen 

levels on leaf size and leaf shape . 

(leaf number 8 to leaf number 12 from left to right) 

LN = Low nitrogen HN = High nitrogen 
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Pla te IX (b) . 52% daylight 

Plate IX (c) 420/o daylight 
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from leaves in full daylight than from leaves in the lower light 

intensities . Only total chlorophyll and chlorophyll a were sta-

tistically significant (P < 0. 05) . Though the effects of light 

intensity on chlorophyll contents on a unit fresh leaf weight basis 

were not significant, a regular trend was observed in that the full 

daylight yielded a lower chlorophyll content than the lower light 

intensities . The treatment had no statistically significant 

effect on the chlorophyll a/b ratio. 

TABLE IVa 

The effects of light intensity on chlorophyll contents 

Light I ntensity 

Character 

Chlorophyl a/b ratio 1.49 1.47 1.47 
- 1 2 

Contents on uni t leaf area basis (mg x 10 /cm ) 

Total chlorophyll 

Chlorophyll a 

Chlorophyll b 

.673 

.402 

. 271 

. 619 

. 368 

.251 

-578 

.344 

.234 

Contents on unit fresh leaf wei ht basis m~ x 10 m 

Total chlorophyll 

Chlorophyll a 

Chlorophyll b 

b. Nitrogen treatment 

7. 79 

5. 28 

13 .41 

a.14 

5.27 

Result 

(5% LSD) 

n . s. 

* ( . 067) 

* (. 037) 

n.s . 

n.s. 

n . s . 

n . s. 

The treatment had statistically significant effects on chlo-

rophyll contents on a unit leaf area basis (P < 0. 05 ) and on the 
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chlorophyll contents on a unit fresh leaf weight basis (P"< 0 . 01) . 

Leaves from plants of high nitrogen had more t otal chlorophyll, 

chlorophyll a and chlorophyll bona unit fresh leaf basis and on 

a unit l eaf area basis than those from pl ants of low nitrogen 

(Table IVb). Plants of high nitrogen had dark green l eaves while 

those of lov, nitrogen had pale green leaves . The chlorophyll a/b 

ratio was not statis tically significantly affected by increasing 

the nitrogen level from 57 ppm to 250 ppm. 

TABLE IVb 

The effects of nitrogen on chlorophyll contents 

i Nitrogen Result I 

I Character Low High (5% LSD) 

I Chlorophyll a/b r atio 1. 49 1.46 n.s . 

Contents on unit leaf area basis (mg x 10-lcm2 } 

* Total chlorophyll . 505 . 661 (. 054) 

·* Chlorophyll a . 350 . 392 (.032) 

** Chlorophyll b . 235 .269 (. 022) 

Contents on unit fresh l eaf weight basis ~mg x 10-\~mg~ 

** Total chlorophyll 11.82 14.90 (1.34) 

** Chlorophyll a 7.06 8.96 (.03) 

l I ** ! Chlorophyll b 4.76 5.94 (. 71) i 
_I 

4.1.4. Discussion 

The results of this study generally confirm the r esults and 

observations by several investigators (refer review of literature) 
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on the effects of light intensity and nitrogen on leaf ar.atomy and 

morphology. Shading affects the epidermal cell size and total 

cell number (epidermal plus mesophyll cells) per unit l eaf area in 

leaves of E. vesiculosum. The trend was for shading to increase 

epidermal cell area and to decrease t otal cell number per unit l eaf 

area (Table I) . Shading the plants in 42% daylight induced an 

increment in cell area of up t o 20%. ThE: rrnult agrees with the 

data of Njoku (1956) and Forde (1966 ) . Wor king on the ad.axial 

epidermis of l eaves of Ipomoea caerule2. under five different light 

intensities Njoku found that cell area was l argest a t 74% daylight 

and that cell area a t the other intensities (56%, 28% and 23% day­

light) were intermediate between 75% and 100% daylight . Of closer 

agreement are the results of Forde who studied the effects of 100%, 

70% and 20% of daylight on Lolium peren110 and Dactyli s glomerate... 

He r eported that the abaxi a.l epidermal cell area was increased b;y 

95% for L. perenne and 54% for D. gl omE:r a t a by shading t o 20% day-

light . His higher increase in cell area by shGding compar ed t o 

t he result of this ntudy could have been in part due t o the dif­

f er ent speci es of plants he had used and also partly du8 t o his 

heavier shading. 

Only the epidermal cell area was measured here . Considering 

the number of epidermal cells per unit l eaf area can be estimated 

assuming that there is no great varia tion of cell size within the 

epidermis , it foll ows then that the effect of light intensity on 

cell number per unit leaf area would show an opposite trend to that 

observed for cell size , i . e . the shading decreases epidermal cell 

number per unit l eaf area . This iE in agreement with the findings 
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of Njoku (1956) for I. caerulae. 

In the study of the effects of cell size and cell number on 

leaf size several investigators (Ashby, 1948; Ashby & Wangermann, 

1950; and Forde, 1966) measured the epidermal cells only. As the 

epidermal cells apparently ceased dividing before other cells of 

the leaf, observa tion of epider:r1al cells only suggest possible 

trends (Mil thorpe & Newton, 1963) and thus counting all the cells 

in the leaf would present a more accurate r:iethod. For this reason 

the total cell number per unit l eaf area wn.s also determined in 

this study and was found to increase wi th increasing light intensity . 

This is in accord ,'Ii th the r c, sults of Humphries & Wheeler (1960 ) 

who studied the E.:ff fJc ts of light and darknE.:ss on cell division and 

cell expansion . Cell size was a lso detQr r.iined in t heir experiment 

but not in this study. In their determination of cell size they 

assumed tha t the number of cells in t he transverse direction r e-

mained constant . This a ssur.rption I!1ay not be tr12 2.s s everal inves-

tigators (Hughes , 1959: Co:n:iack & Gorhem, 1953i Camer on, 1969 ) 

have obs ervc,d from transverse l oaf sections that sun loo.ves a r e 

thicker and h8.ve more palisade layers than shade lGaves , It would 

be a fair assumption, from the deduction ma de from these anatomical 

differences, that total cell number per unit leaf area in sun 

l eaves would be greater than that in shade l eaves , Further, 

Wilson & Cooper (1969) f ound that shading decreased mesophyll cell 

number per unit leaf area. 

E. vesiculosum had a greater number of stomatc per unit l eaf 

area when grown in the full daylight than in the 52% and 42% day­

light (Table II). This result is in harmony with the findings of 
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Bjorkman & Holm[lTen (1963) on Solidago virgaurea , of Cooper & Qualls 

(1967) on Medicago sativa and Lotus corniculata , of Cormack & Gorham 

(1953) on Menzi esi a ~labella and Lonicera glaucesens, of Friend & 

Pomeroy (1970 ) on Marquis and Kharkov wheat, but is in variance 

with the data of Penfound (1931) on Helianthus, of Wilson & Cooper 

(1 969) on Lolium and of Cormack (1955) on Vicea americana . The 

stomat~l length of E. vesiculosum W8 S al so affected by light i n­

t ens ity, be i ng l onger in sun l eaves than in shade l eaves , this ,;,.rns 

a lso reported by Wilson & Cooper (1969) on Lolium. 

The formative effect of light i nt ensit~r on leaf shape was 

similar t o tha t r eported by other investiga t ors (ref er r evi ew of 

liter a ture ). Pla t e IX sho~s the effect of light intensity through 

its effect on s i mplificQtion of l eRf shape . LeQvcs in full day-

light were more dissected than those in l ower l i ght intensities . 

The l eaf l engt h :brea.dth rat i o which i s an expression of l ee.f sh.<i.pe 

vm s greater in shade l eaves th::m in sun l eaves; this was a r esult 

of a significant increase i n leQf length but not in l ea f brea dth 

as a consequence of shading (Table III) . Similar observations 

were r eported by Talbert & Holch (1957), Njoku (1955 ), Bensink (1960) 

and Sanchez (1967) on differ ent plants . 

The view t hat under light a substance or substances r espon­

sible f or the l eaf shape is or are produced has been expr essed by 

sev eral investigators (e . g. Aberg, 1943 ). Aberg a ttributed the 

increase in the increa se in the leaf length:breadth ratio with pro­

gressively l ower light intensities in Lobelia dortmana to the ca rbo­

hydrate balance which is affected by light intensity. Growth 

substances were also suggested to be responsible for the changes 
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in leaf shape by several investigators (Njoku, 1958; Scurfield & 

Moore, 1958; Robbins, 1957, 1960). Njoku obtained a prolongation 

of the juvenile stage in which the leaves were entire to the adult 

stage in which the leaves were tri-lobed in I. caerulae with gib­

berellic acid and various other growth substances (e. g . Indole-3-

acetic acid, o<.-naphthylacetic acid and 2. 3,5 triiodobenzoic acid). 

Similar result was obtained by Robbins on Hedera but in Hedera it 

was the juvenile leaf that was lobed while the adult form was 

entire. Scurfield & Moore however found that gibberellic acid 

treated plants developed the adult type of foliage earlier than did 

the control plants . Allsopp (1965) in his review discussed the 

hormonal action on leaf shape and concluded that the observed 

changes in leaf form could be probably explained by the change s in 

carbohydrate level. In the gibberellic acid treatment the carbo-

hydrate decreased because of the increased growth with consequent 

r eduction i n available sugar . His contention was support ed by his 

experiments with aspetically cultured Marsilea drummondii in which 

the external supply of glucose has found to influence the leaf 

shape by increasing leaf segmentation . The carbohydrate balance 

could be a mechanism by which the leaf shape in E. vesiculosum is 

controlled. Shading reduced photosynthesis with consequent reduc-

tion in the amount of carbohydrate which in turn affected the leaf 

shape . Without further investigations the possibility of hormonal 

ef'fects in leaf shape cannot be entirely neglected. 

The study did not detect any significant effects of nitrogen 

level on the charac t ers so far discussed. Arney (1952) working 

on marrow-stem kale also found tha t nitrogen level has practically 
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no effect on epidermal cell size, thickness of palisade and meso- ~­

phyll and stomatal frequency. In contrast the work of Morton and 

Watson (1948) showed that nitrogen increased cell number and also 

cell size of the palisade mesophyll. The leaf length, the breadth 

and the length:breadth ratio of leaves in high nitrogen were 

greater than those in low nitrogen although the statistical analysis 

revealed that these differences were not significant . Great vari-

ation in the above discussed characters may be possible from plant 

to plant and which may have a role in producing the insignificant 

difference. Another possibility may be that the two nitrogen 

levels used may not be adequately different for their effects to 

be detected statistically. 

I n the study of light intensity on chlorophyll contents the 

analysis of variance showed a statistically significant block effect. 

This has much to do with the procedure adopted for the determination 

of chlorophyll . Sampling v,as done throughout the day and error 

could have been introduced by this procedure as diurnal variations 

i n chlorophyll content have been reported on soue plants by Henrici 

(1926), by Bukatsch (1939 ) and by Bavrina (1959). 'l'his procedure 

may also introduce a further error . Differ ent amounts of tissue 

are likely to be taken with the same cork- borer in comparing samples 

taken in the morning with thos e t aken say at noon because of pos-

sible changes in water content . This error would bias the chloro-

phyll cont ent r esul t when expressed in unit fresh leaf weight basis. 

Leaves of E. vesicul osum in full daylight had more chloro­

phyll per unit leaf area and less chlorophyll per unit fresh le~f 

weight than those in the lower intensitie s (Table IVa). The 
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results of Cooper & Qualls (1967) on Medicago sativa and Lotus 

corniculatus and of Cameron (1970) on Eucalyptus fastigata confirm 

the r esults of this study. However the r 8sults should be taken 

with some r eservation because it is difficult to decide whether 

the treatment was directly changing the chlorophyll content or 

merely appearing t o change it as a r osult of a change in leaf ana-

tirny. For example if the chlorophyll c ont ent is expressed on unit 

l saf area basis, the chlorophyll content may have been higher with 

sun leaves because the leaves are likely to increase in thickness 

with increasing irradiance, in contrast if the chlorophyll content 

is expressed on unit fresh l eaf weight basis the chlorophyll content 

may be lower with sun l eaves because the l eaves are likely to in-

crease in v,eight with increasing ir:radi ance . Chlorophyll a/b 

r at io was not affected by light intensity becaus e chlorophyll a and 

b changed proportionately with varying light intensity. 

As expec t ed nitrogen had a significant effect on chlorophyll 

content as it is an essential element in the structure of the proto-

chlorophyll and chlorophyll molecules . Leaves from high nitrogen 

had more tota l chlorophyll , chlorophyll a and chlorophyll b 

expressed in unit l eaf area and unit fre sh leaf wei ght basis (Tabl e 

IVb). The result is compatible with the general observation that 

plants grown in high nitrogen ha.ve greener leaves than those grown 

in low nitrogen (Raper, 1966 ). Further evidence of the positive 

effect of nitrogen on chlorophyll content is shown by the work of 

Greig, Motes & Al-Tikrite (1968) on spinach. The chlorophyll a/b 

ratio was not affected by the nitrogen treatment. Both chloro-

phyll a and b were affected by high nitrogen in the same direction 
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and in proportionate a.mounts . 

The effect of shading on leaf morphology and anatomy may 

not be solely due to the direct effect of light. Other factors, 

like water supply and temperature may be involved (Shields, 1950). 

In this study the temperature waG almos t the same in the three light 

intensities (see Appendix III) and plants wer e kept :noist at all 

times. Hence all differences between l eaves fr om full daylight 

and from 52% and 42% daylig.ht would most likely be due to the light 

intens~ty effect . But there are other factors either · uncontrol-

lable in this stucly or unknown, that may play a part in producing 

an effect . The differ ence in the l eve ls of shadings of 52% and 

42% daylight was probably not adequntely marked for their effects 

to be sts..tistically differont at the 5% level of significance in 

most cases. 

PLANT GROWTH 

4.2 .1. E:x:perirnent81 Design 

The objective of the experiment was to study the effects of 

three levels of light intensity and two l evels of nitrogen and 

t heir interactions on plant growth with respect t o dry wei ghts and 

other attributes of classical growth analysis at six harvests. 

The experiment was l a id out on eight blocks of a split-plot 

design similar t o the one described in section 4.1.1. In this 

experiment eight blocks were t aken nt each harvest. When harvest 

was taken a s an additional factor the design was considered as a split-

split-plot with harvest as a sub-sub plot. Each sub-sub plot was 

a single pot plant. The interva l between two consecutive harvests 
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was ten d.A.ys . Harvest 1 ·vms the base harvest. 

4 . 2 . 2. Experimenta l Methods 

4.2 . 2 . 1 . Determination of Dry Weights , Loaf Area and Leaf Number 

The plant vras r emoved from the pot by washing out the sand 

with a slow j et of wa t er, any sand still left was washed through a 

sieve which r etained t he r oots . This procedure r educed the loss 

of roots . The plant was t hen divided into leaves and r oots . 

The very sma ll stem was included in the r oots. A sub- sampl e (a ll 

l ~Je.ves from plants of f our blocks ) w:.:i. s taken for the estimation of 

J.eaf area and the individual parts d:ri ed in an oven a t 180°F for 

24 hours and wei ghed in mg . Dry weight of whole plant ( t ot a l dry 

we i ght), of all l eaves (leaf dry wei ght ) and of a ll r oots (roo t dry 

weight ) wer e de t er mi ned. Befor e being weighed the materia l was 

cool ed and stor ed in a dess ica t or . 

Outlines of the sub-sample of fresh l eaves wer e blueprinted 

on Ammo- Positive Process Pap e r and the ar en. subsequently deter mir..ed 

with a planimeter . The mean of three r eadings wa s t aken in each 

CD. S e • From the ar ea 11nd dry weight of the sub- sanpl e the re. tio 

of l eaf '::r ea t o l eaf wei ght c.lso t er med specific l eaf area w::-,s 

derived and the t otal l eaf area of whole pl ant (leaf a r ea ) wa s 

estima ted in cm2 using t he r atio . The specific leaf area in cm2/mg 

for four bl ocks was used for statistica l anal ysis . Leaf nwnber 

in the f our blocks was also counted for stati stical analysis. 

4 . 2 . 2 . 2 . Derivati on of Variables 

Since at each harvest the dry weight of whole plant, leaves, 

roots and the l eaf area wer e obtained , several derived variables 
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were calculated. The variables obtained were specific leaf area 

(SLA), root:top re.tio , instantaneous l eaf area ratio (LAR), leaf 

weight r atio (LWR), mean l eaf area ratio (LAR), net assL~ilation 

r a te (N.AR) and relative growth r a te (RGR). SLA. is the leaf area/ 

the dry weight of the lec1ves, root:top ratio is the dry weight of 

the root/the dry wej_ght of the l eaves, LVIB is the dry w0ight of thQ 

l eaves/the total dry ~eight of the plant nnd LAR is the l eaf area/ 

the t otal dry weight of the plant. The other three variables LAR, 

N.AR and RGR are more difficult to derive and several f ormulae are 

available f or their derivation. Radford (1967) had cited necessary 

conditions for the use of the various f ormulae. 

The method of Fisher (1921) we.s employed to calculate the 

RGR of the whole plant. The f ormula is Log
6
W2-logeWl where w2 
t2-tl 

and w1 are the dry weights per plant at t 2 and t
1

, the second and 

first lmrvest r espec tively. This f ormuJa assumes tha t dry weight 

varies without discontinuity throughout the interv2l t
1 

to t
2

• 

This condition is m2t in this study. 

For the NAR the formula (w2-w1 ) (1og
6

L2-log
8

L1) w~s used 

(12-Ll) (t2-tl) 

where L2 and L1 are the leaf area per plant at t
2 

and t
1 

the second 

and first harvest respectively. The formula assumes that plant 

weight and leaf area are lineally r elated if not it will lead to an 

over est imation of NAR , However the error involved will be small 

if the leaf area at the second harvest is not more than 2 times 

that at the first (Coombe, 1960) as in this experiment. 

For the LAR the f ollowing formula was used: 
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LAR = (loge W2-loge w1 ) (L2-L1 ) This formula assumes that 

(w2-w1) (loge L2-Log
8 

L1 ) 

both leaf area and tota l plant weight increased exponentially . 

(Rad.ford , 1967 ). 

this study • 

This occurs during short growth intervals as in 

. Ari..alysis of Data 

Transformation of the raw datn was consider ed before the 

analysis of variance was performed . Tho mean t o r ange ratios of 

the raw data were no more constant than the ranges themselves . 

This was taken t o sugges t thnt transformation was not important 

and the data wer e analysed without transformation . The analysis 

of the raw data was performed. a t each harvest s epar a t ely as a split 

plot design (see section 4.1.2.s. ). In cases wher e har ves t was 

consider ed as an additional f a ctor its ana lysis of variance wa s 

performed as a split-split plot des i gn following Federer (1955 ). 

Loast significant difference t est was empl oyed to est~blish which 

mean differs significantly from other mean. Coeffici ent of varia-

t i on was calculated f or each ana lysis . The f ormula used is shovm 

i n Appendix V. All the data were ~nalysed i n t er ms of por unit 

plant . 

4. 2. 3. Results 

The results are expr essed in the main body of the t ext 

either in graphic f orms or in tabl es with their appropriate l east 

significant difference. The summaries of the analyGis of variance 

for all the data are in Appendix VIII . 

error of the r aw data are in Appendix IX. 

The means and standard 
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4. 2 . 3.1. Changes in Dry Weight 

a. Light intensity troa tment 

The dry weight curvE: s of the whole plant at each harves t 

graphed for the whole experimental period are presented in Figure 

4.1 and those of the parts i n Figure 4 ~2 . The treatment had sig-

nificant effects on the total dry vrnight at harvests 2 , 3, 4 nnd 6 

(P < 0 . 05) c:.nd A.t harves t 5 (P <" 0 . 01) and root dry weight a t bar­

vest 2 to 6 (P ( 0 . 01) but had no significant effect on l eaf dry 

weight. From the graphs it is evident that total dry weight and 

root dry weight of plants from full daylight were heavier than of 

those from l ower light intensities . The differences in total dry 

weight and r oo t dry weight of plants from full and 42% daylight 

were significantly di f ferent (P <: 0 . 05 ) at all harvest s . Between 

full and 52% daylight the differences we r t significant for r oo t 

dry weight at all harvests but v,ere not significant in t otal dry 

weight at any harvest . Even between the 52% and 42% dayl i ght 

there vrnre significant differences in r oo t dry weight at ha rvosts 

4,5 and 6 end in t otal dry weight a t harvest 3. A regular trend 

that leaf dry weight of plants from 52% daylight \'las the heaviest 

among the three light levels was observed at harves t 3 to 6 al­

thou gh the differunces were not statistically significant . Typical 

r esponses of plant t o the three light intensities are shown in 

plate X. The graphs show that total, l eaf and r oo t dry weights 

increased with time. 

b. Nitrogen treatment 

Figures 4,3. and 4.4. show the effects of two nitrogen 

levels on dry weights of who l e plant , of l eaves and of roots. 
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The effects of light intensity and nitrogen on plant 

growth a t harves t 4 (A) and at harvest 6 (B). 

F = Full daylight; 52 = 52% daylight; 42 = 42% 

daylight; L • Low N; H :s High N, 
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The treatment had significant effects on total dry weight at harvests 

4 and 6 (P < 0 . 01) and on leaf dry weight at harvests 4, 5 and 6 

(P <: 0. 01) but had no significant effect on r oot dry weight . 

Plate X shows the responses of the plant t o nitrogen trea tment . 

The graphs show that t otal dry wei ght and l eaf dry weight wer e en-

hanced by high nitrogen . Although the r esult was not significant, 

heavier r oot dry weight a ssociated with high nitrogen was observed . 

c . Light intensity x nitrogen interaction 

Ther e was a significant interaction of light intensity and 

nitrogen on root dry weight a t harves t 3. Under full daylight 

the r oo t wei ght of plants grown in l ow nitrogen was significantly 

(P ~ 0 . 05) heavier than those grown in hi gh nitrogen . Similar 

trends wer e observed a t t he other harvests (Figure 4. 5) . High and 

l ow nitrogen l evels had li t tl e effect on the r oot dry wei ght of 

pl£,.n t s grown under l ow light intons i t i es . 

Changes in Loaf Area 

a . Light intensity troatment 

Light intensity had significant effects on l eaf area nt har­

vests 2,3 1 and 6 (P <.. 0 . 05) and a t harvests 4 and 5 (P < 0 . 01) and 

on SLA at all harvests (P ~ 0 . 01) . Tho curves in Fib,ure 4. 6 show 

that plants grown under full daylight had significantly smaller l eaf 

area and SLA tho..n those grown under 52% and 4~ dn.ylight at all 

harvests . Between the 52% and 4~ cw.yl ight the difference ·i n l ea f 

area was not significant and the difference in SLA was significant 

at harvest 4 (P < 0 . 05). 
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b . Nitrogen treat ment 

The treatment had no significant effect on SLA but had sig­

nificant effect on l eaf area at harvests 4, 5 and 6 (P < 0. 01) . 

Plant s grown in high ni trogen r.ad significantly larger l eaf area 

than those grown in l ow nitrogen (Figure 4.7). Although a t harvests 

2 and 3 the treatment effec t was not significant , hi gh nitrogen as­

s ociated with l arger leaf area was observed . 

c. Light intensity x nitrogen interaction 

Apart from the result at the se cond harvest there v•as no 

significant interaction of light intensity and nitrogen on leaf 

area (Figure 4.s) . At harvest 2 hi g·h ni trogGn depressed the l eaf 

area under full dayl i ght but not u11der the lower i ntensities . At 

later har vests hi gh nitrogen increased the leaf ar ea under the 

three light l evels . The interaction was also not significant on 

SLA. The rcsul ts indi ca t e t hat the influence of ni trogcm l evels 

on leaf area and SLA did not change wi th light intensities . 

Changes in Dry Wei ght Proportions 

a. Light intensity treat ment 

Light i ntensity had significant effects on root: t op rati o 

(P <. 0.01), LAR (P < 0. 01) and LWR (P <. 0.01) at a ll harvests as 

shown gTaphically in Figure 4. 9. Plants from full daylight had 

higher r oot:top ratios than those from the l ower light intensities . 

Between the 52% and 42% daylight the difference in the ratio was 

significant at harvests 5 and 6 but not at harvests 2 , 3 and 4. 

The effects of the treatment on LAR and LWR wer e in contrast with 

that on r ootitop ratio. These two r atios decreased with increasing 

light intensity. The LA.Rs of the plants grown in the three light 
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levels were significantly different from one another at all harvests . 

The LWR from plants grown in full daylight was significantly lower 

than that from plants grown in lower light intensities . At har­

vests 4 , 5 and 6 the LWR.s from plants grown under 52% daylight were 

sigDificantly l ower than that from plants grovm under 42% daylight. 

b . Nitrogen treatment 

Nitrogen had a negative effect on r oct:top ratio . From 

Figure 4 . 10 it is evident that high nitrogen significantly depressed 

the ratio at harvest 3 (P <: 0. 05) and at harvests 4, 5 and 6 (P < 

0 . 01 ). In contrast the LAR and thG LWR wer e significantly in­

creased by high nitrogen levd at harvests4 and 5 (P <. 0 . 01) for 

the former and a t harves ts 4, 5 and 6 (P < 0. 01 ) f or the latter . 

Ther e was a negative eff ect of nitrogen on the: LAR at harvest 3 

(P < 0 . 05 ). 

c . Light intensity x nitrogen intoraetion 

The interaction effect of light intensity and nitrogen was 

significc:nt on r oot:top ratio a t harvests 3 and 5 (P < 0 . 01) and 

at harves t 4 (P < 0 . 05 ). As evident from Figure 4. 11, the inter-

action indicates that the influences o.f the t wo nitrogen l cve:ls 

change with light intensities . High nitrogen depressed the r atio 

under the three light intensities but the depression was grea t est 

under full daylight and least under 42% daylight . Thero were also 

important interaction effects of light intensity and nitrogen on 

the LAR and the LWR. The interacti on effects were significant on 

the LAR at harves t 5 (P < 0 . 01 ) and on the LWR a t harvests 3 and 5 

(P< 0. 05) as shown graphically in FigurEE4,12 and 4 . 13 respectively. 

Under the three light intensities the ratios were increased by high 
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nitrocen (apart from harvests 2 and 3) but the increases were not 

the same at different light intensities . 

Net Assimilation Rate:, Mean Leaf Area Ratio and 

Relative Growth Rate 

a . Light intensity treatment 

The treatment effects on the throe growth attributes are 

presented grg,phically in Figure 4. 14 . It is evident from the 

figurG that light intensity had significant effects on the NAR 

at harvest intervals 1, 2 and 4 (P < 0. 05) and at harvest interval 

5 (P < 0 . 01) and on tho LAR at all h8.rvest intorvals (P < 0 . 01) but 

had no significant effect on the RGR . The UR of the plants 

grown in the thr(, e light intensities wE:r e significantly differont 

frora one another . In the case of the NAR plants growr, in full 

daylight had significantly highc,r rates than those grm m in l ower 

light infonsi tiGs . Between the 52% and 42% dc1ylight the difference 

was not si6--nific2.nt. Figure 4. 14 also shows that the NAR r eached 

the maximum at harvest interval 2 and then declined 'Ni th time . A 

similar trend was observed f or the R. G.R . The LAR behaved dif -

ferently , it increased with time . A significant 0ffect of light 

intensity on the RGR was detected when the mean values f or the whole 

experimen tal period were compared as shovm in Teble V. The treat-

ment depressed the RGR and the NAR (P-< 0. 01 ) but enhanced the LAR 

(P < 0. 01 ). 
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TABLE V 

The main effects of light i ntensity 

on the NAR 2 the Lll.R and the RGR 

Character 

2 
N.fl.R (mg/ cm /day) 

LAR 

, RGR 

2 ( cm /mg) 

(mg/mg/day ) 

Daylight 

Full ~ 42o/o 

. 6088 . 3887 . 3291 

. 0780 . 1117 .1224 

. 0467 . 0423 ,0388 

70 

! Result 

(% LSD) I 
** ( . 0302) I 

I 

** ( . 0021) j 
I 

** ( . 0035) i 
' 

In Figure 4. 15 the growth attributes are plott0d agQins t 

the l ogarithm of the light intensities f or t!w five harvest inter-

vals . The graph shows that the NAR increased with increasing light 

intensity . At all harves t i ntervals there was a close fit t o a 

straight-line r egression . Similarly the graph reveo.ls tha t IJill 

was lineally related to the logarithm of the light intensities , 

but in contrast to the trend of NAR , the ro.t i o increased with de-

creasing light intensity. The curve s of RGR plotted against the 

logarithm of the light intensities show a good agreement betw,~en 

t he observed values of the RGR and the v&lues calculated from the 

quadratic equations obtained from the pr odt1ct of the appropriate 

r egressions of NAR and Ll\R . 

in Appendix X. 

The regression equations ar e present ed 

Figure 4.15 also shows that the r egression lines are dif-

ferent for each harvest interval. The slopes of the r egressi on 

lines of NAR and LAH changed with time . The shape of the RGR 

curves is different at each harvest interval . For the first 
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interval the curve indicates that the maxirrrum RGR would be obtained 

at full daylight while the rest of the curves suggest that the 

maximum is achieved at intensiti'es below full daylight . 

b . Nitrogen treatmunt 

Apart from harvest intervals 1 and 2 high nitrogen signifi-

cantly increased the LAR (P ~ 0.01). At harvest interval 1 the 

treatment was not significantand at harvest intervnl 2 the. treat-

ment decreased the ratio (Figure 4.16). The r eas oL f or the de -

crease is not cluar, but perhaps it may be a consequence of the 

ammonium t oxic eff ect discussed in section 4.2.4, Nitrogen had 

no significa nt effects on the NAR and the RGR a t every harv8st 

intervc. l a l th0ugh the rates were obs .::: rv0d to incroas c v:i th incr0ased 

nitrogen (Figure 4.16) . However when the m0an values f or the 

whol e exporimental period were co~par ed high nitrogen significantly 

enhanced the RGR (P < O.Dl) but still not the NAR (Table VI), 

TABLE VI 

The main effects of nitrogen l evel 

on the NJ\R, the IJlli and the RGR 

Character Low nitrogen High nitrogen Results I (5%LSD) ; 

NAR (mg/cm
2/d.ay) 

LAR (cm
2
/mg) 

RGR (mg/mg/day) 

. 4346 

.1016 

.0410 

. 4499 

.1065 

. 0442 

n . s 

-lf--l!- ( . 0015) 

** (.0015) 
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c. Light intensity x nitrogen interaction 

The interaction of light intensity x nitrogen had no signi­

ficant effects on the NAR and the RGR but had significant effect 

on the LAR at harvest interval 5 (P < 0,01) as shown graphically 

in Figure 4.17. Under any one light intensi ty, high nitrogen 

increased the LAR but the increase was greatest under 52% daylight . 

At the other harvest intervals a similar trend was observed although 

it was not statistically significant at the 5% level, 

4.2.4. Discussion 

Of the effects of light intensity on changes in dry weight , 

only tru~t of leaf dry weight was not significantly affected by 

varying light intensity. Plants in full daylight had heavier 

tota l dry weight than those in loTier light intensities (Figure 4,1,) 

because of their heavier root weight (Figure 4,2,). The reduction 

of root dry weight by shading is probably r elated t o r educed carbo­

hydrate production by the top as a r esult of l owering the light 

intensity. Since r oot depended on the l eaves for sugar it is not 

unexpected that root dry v,ei ght decreased with the r eduction in 

light int&nsity , Further the number of sieve tubes and their 

capacity for sugar transport may be limiting in plants grown under 

shade. This could a lso account for the reduction in root dry 

weight obs erved with decreasing light intensity. Gist and Mott 

(1958) also found that root growth was more affected by decreasing 

light intensity than was top growth. This is in accord with the 

studies of Blackman and Rutter (1947, 1948) which showed that 

shading had no effect on leaf weight during the plants active 

growth phase. 
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Fig. 4.17 Light intensity X nitrogen interaction on mean leaf area ratio ( LAR) 
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In spite of the independence of light intensity and leaf 

dry weight thorEJ was a significant increa.sE in l eaf area by shading 

(Figure 4 . 6a) . As the l eaf weight of the three light l evels was 

not signifi cantly differ ent from one t o another, the significant 

difference in leaf area could be expla ined by the l eaf thickness 

as measured by the ratio of l eaf area t o leaf weight, i. e . the SLA . 

Figure 4.6b shows that the SLA increas ed with decreasing light intcn-

sity. This r esponse is confirr.1ed by the results of Mitchell (1953) 

and of Boan (1964 ) . Differ ence in SLA r epresents r eal differ 2nce 

in l eaf thickness . Friend et 21 . (1962) obtF. incd a clcse cor ­

r el a tion of SLh. with the actua l l eaf thickness as .oeasured by a 

micromet er. Ler-,f numbGr was not an i ?1portant contributing factor 

t o the increas e in l eaf area by shading as shown i n Table VII . 

In f act the tabl e shows tha t t he l ea f number -:-m s slightly l om,,r 

TABLE VII 

The main eff f) ct of light i nt cmsi t;v on l c,af nw,1ber 

Harvest 2 3 4 5 6 

Full daylight 9.1 12.3 14 . 1 18 , 0 17. 4 

52% daylight 9 . 0 12. 0 14 . 6 18 . 0 17 . 9 

42% dayli ght 9 . 1 12.0 13 . 9 16 . 8 16 . 6 

Results n.s. n. s . n. s . n .s. n . s . 

under 42% daylight than under the two higher light intensities . 

The lower leaf number under 42% daylight could be an explanation 

for the smaller leaf area in 42% daylight than in 52% daylight 

(Figur e 4. 6a ). 



The amount of photosynthetic tissue pr esent per unit of 

plant weight as measured by the LAR was observed to decreace 
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with increasing light intens ity . The LAR is dependent on changes 

in l eaf thickness expressed in SLA and changes in leafness of the 

plant expressed i n LWR. A change in LAR could be attributed to 

either SLA or LWR or both . In this study SLA and LWR were fmmd 

t o decrease with increasing light intensity a s shown i n Figures 4. 

4 . 6(b) and 4 . 9(c). A l ow SLA indicates a smaller leaf area 

forme d from the same amount of dry matter and a l ow LWR indicates 

a decrease in amou11t of leaf dry matter in relation to the total 

dry matter . The decrease in the LAR undor increasing light 

i ntensity found in this study was attributed t o both SLA and LWR 

with SIJ .. being the dominant component , The present finding i s in 

variance with the data of Blackman (1961 ) and Evans and Hughes 

(1 961) which showed that LWR played only a negligi:::Jle part in de­

creasing the LAR, but agrees with that of Friend e t al (1965) and 

Clin:e (1966) which showed that t he LAR was dependent on both the 

SLA and the L\!ffi. 

Figure 4 , 7(a) shows that the distribution of dry weight be­

tween r oo t and t op is strongly influenced by varying light intensity. 

The higher r oot:top ratio i n full daylight was entirely due to 

heavier roo t wei ght RS top wei ght was no t affected by l igh t inten-

sity (Figure 4 . 2(a ) ). The r esult can be explained by the fact 

that under l ow light intensity there would be a r eduction of avai -

lable carbohydrate . The l eaves being nearest t o the source of 

~arbohydrate will be able to benefit most and r oo t growth will be 

r e l atively retarded. 
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The effects of light intensity on the NAB. and the LAR are 

compensatory i n that high intensiti es increased the NAR but de• 

creased the LAR in consequence the RGR was more or less constant 

(Figure 4.14). However when the mean values for the whole expc-

rimental period v:ere compared high light intensity depressed the 

L.AR and increased the NAR and the RGR (Table v) . Similar results 

were obtained by Wilson (1967) on different pl ant species , 'l'he 

work of Thorne and Evans (1964) on sugar beet and spinach beet 

could offer an explanation t o the decrease in ths Nlill under low 

light intensiti es . By sor:1e grafting experiments they f ound that 

the greater NAR in sugar-beet v,as associated with a great<:,r root 

system than spinach beet . The sug<!r beet root probably increased 

the NAB. by providing a better sink f or ass imila tes than spinach 

beet root . That more sinks are conducive t o increased photo­

synthesis has also been reported by Humphries and Thorne (1964) . 

In this study, plants in l ow light intens ities had l ess roots than 

those in the full daylight and hence could be associated wi th de-

creased photosynthesis. Components of the leaves such as stoma-

t a l freq_uency and chlorophyll content are found in s 2ction 4 ,1. t o 

be influencGd by light intensity . Thes e changes are likely to 

affect photosynthesis (El- sharkav:y and Hesketh, 1964; Sestak and 

Bartos, 1962 ). 

The r esult of this study conforms to the reports of Black­

man and his followers that the NAR and the LAR are lineally r e­

lated to the logarithm of the light i ntensity (Figure 4.15). In 

this experiment prior to the treatments the plants received full 

daylight and in consequence modification for the plants takes some 
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time before full adaptation t o the changing light intensity is 

completed. The slopes of the LAR regression line in Figure 4.15(b) 

measures the adaptation of the plant. At the start of the experi-

ment the slope of the n:gression line f or the three light intensities 

is the same and parallel t o tbs light axis. At any harvest taken 

before the plants ar·e fully adapted t o each light intensity the 

slope of the r egression line will be intermediate between zero and 

the value when the full potential f or adeptation is cor.'.!pl e t(~d. 

From Figur e 4 . 15(b) it is evident that the slope of the regression 

line of each harvest interval is grea t er than that of the prc:ccding 

one . Adaptation has a l mos t completed for E. vesiculosum a t har­

vest interval 4 as the slopes of the regression lines at harvest 

interval s 4 and 5 did not differ much . The changing shape of the 

RGR curves i n Figure 4 . 15(c) is ano ther i ndica tion of the adaptation 

of the plant t o changing light intensity. In the first harves t 

:interval the curve indicates that the maximum groi.vth rate would be 

achieved at light intensity at full daylight or higher, v1hile for 

the r es t of t he harvest int ervals the curves show that the maxi­

mum ha s shifted to an intensity be l ow full daylight . 

There has been a controversy among inves tigators whether or 

not NAR drifts .-d th time. In r ecent years several critical studies 

on this issue have been undertaken . The work of Thorne (1960, 

1961) indicated that Nfill declined with time independent of environ-

ment . Investigati ons of Evans and Hughes (1961) carried out in 

the glasshouse on I.parviflora sh,)wed that NAB. decreased t o only a 

small extent before self shading occurred . The data of this 

study indica ted 9, significant decrease of N.AR with time as shown 



in Table VIII. 

TABLE VIII 

The effects of harvest interval 

on the NAR, the ~ and the RGR 

Harvest interval (a ) 1 2 3 4 

NAR (mg/cm
2
/day) . 4340 . 6282 .4402 • 3923 

LAR 2 
(cm /mg) .0870 . 0919 .0968 . 1194 

RGR (mg/ mg/day) .0365 . 0557 . 0412 . 0443 
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5 Result 
(5% LSD) 

** . 3163 ( .0764) 

** . 1251 ( .0012) 

** . 0353 (.0071) 

(c) Harvest interva l was considered a n additional factor and 

analysi s of variance was performed on a split-split plot design 

(Appendix X) . 

The t able ,:i,lso shows t hat the RGR declines with time and 

the Llill increases vri th time . The RGR r esul t is in accord v;i th the 

da ta of Thorne (1960) but th2 Lli.R result is in contr as t with the 

data of Thorne (1960). 

The decline of NAR v:i th time could be attributable to a 

decrease in the LWR and or a decrease in the LAR. In this study 

these t wo attributes increased wi th time and could not be the con-

tributing factors . Hence the fall i n the NAR could be probably 

caused by s elf shading and or some intern2l factors . As this 

study was not performed in controlled environment the change in 

growth attributes with time could be influenced by varying t empe-

rature and solar radiation , The variations of these two inviron-

mental factors with time were not great (Ap1~endix I) and would n.::,t 

be inportant factors in this study . 
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The effect of varying the nitrogen supply on plants has 

been studie d by many investi ge t ors . In E. vesiculosum increasing 

the level of nitrogen from 57 ppm t o 250 ppm signi f icantly in­

creased the t otal dry wei ght and l eaf dry weight but 11ot the r oo t 

dry TTeight . The failure of the high ni trogcn to pronote r oot 

growth could be explained by th e J. i ght i ntensity x nitrogen inter-

action . From Figure 4.5 i t is shown tha t high nitrogen depressed 

r oo t growth fo r the f ive harvests in full daylight but not in the 

52% and 42% daylight . The negative eff ect of high nitrogen in 

fu ll daylight could nullify t he positive effect of high nitrogen 

in the l o11!er intensities thus giving a mean valuE: of the high 

nitrogen eff ect little diffcr 0n t from the value of the l ow nitro­

gen eff ect (Figure 4. 4). The l ack of significant differ ,~nce be­

tween l ow and high ni trogcm on total dry wei ght a t harves t 5 is 

at tributable t o the depr essing effect of hi gh nitrogen in full day­

light being greater than the promotiva effect of high nitr ogen in 

the lower intensites . On looking through the raw da t a ( the melrns 

given in ApJJendix 1 xi it was found that high ni trogen also depr essed 

leaf dr y wei ght at harvest 2 2.nd to tal dry wei ght at harves ts J 13,4 

and 5 i n fu l l dayl i ght bu t not in 52% and 42% daylight . Ballard 

and Petrie (1936) and other inves tigators (cited by Ballard and 

Petrie , 1936) also obtained depressi on of plant growth by high 

nitrogen. 

The depressing effect of high nitrogen could be an ammonium 

toxicity effect . In this study the source f or low nitrogen was 

from nitrate and the source for high nitrogen was from nitrate and 

ammonium. It is known that plants under prolonged application of 
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ammonium as a source of nitrogen l eads to severe physiological and 

morphological disorders r esulting in r etarded growth and in some 

cases death . Behnett e t al (1964) comparing the effect of nitrate 

a.nd ammonium on growth in sand culture f ound that the effect of 

ammonium on growth was striking. Root and t op dry weights of corn 

was greater when nitrate supplied the nitrogen than when nitrogen 

was supplied by ammonium . Roo ts of plants grown ir. arm1onhun 

f orm were de.rker and appeared poor er then r oots grown on the nit-

r ate form. The decrea sed growth by ammonium source of nitrogen 

could be explained by its disr~ptivc effects on various apects of 

plant metabolism (Krogmarn et a l., 1959 ; Avron , 1960; Trebot et al~ 

1960 1 and Puritch and Bark0r, 1967) . 

With r eference t o the r esult of this s tudy the depr essing 

effect of high nitrogen could be expl ained by ammonium t oxicity. 

The absence of the t oxic effect under l or.1 light intensi ty could be 

due t o the fac t tha t ammonium could not r ea ch the t oxic l evel be-

cause i tG upt ake was limited by l ow light energy . Tokimasa and 

Su.etomi (1958) noted that the trn:
4

-N absc•rption by wheat was r e tarded 

by shading. Ballard and Petries (1 936) expl ained their depression 

as a resul t of a t oxic effect . It is likely tha t ammonium 

t oxicity can be rul d out as their s ource of nitrogen was from 

nitrate . However the resul t s of s ome of the i nvestigator s cited 

by Ballard and Pe trie could be associa ted with ammonium t oxicity as 

their sources of nitrogen were from ammonium. 

The increase in l eaf weight by high nitrogen which agrees 

with data of other investigators (e . g . Arney , 1952) could be the 

result of two factors . High nitrogen could induce more l eaf 
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number or the individual l eaves were great er in size or both . 

The second f actor was mai nly r espons ible in this s tudy as nitr ogen 

had little effect on l eaf production except a t harves t 4 as shown 

in the Table IX. The r esult agrees with the wor k of Langer (1959 ) 

on timothy . The increase i n l eaf ar ea by increased nitr ogen 

TABLE IX 

The ma in effect of nitrogen l evel on leaf number 

Harves t 2 3 4 5 6 

Low N 9.1 11. 9 13.3 17.4 17.3 

High N 9.1 12. 3 15.1 17. s 17.3 

Result (5% LSD) n . s . n . s . *(1. 3) n.s . n . s . 

l evel was due to increased leaf weight and not t o l eaf thickness 

as ther e was no t r eatment effect on SLA (Figure 4,7). 

Since nitr ogen has no significant effect on SLA, it follows 

tha t t he variation in the Llffi will be pr oportional t o changes in 

the LWR. Bot h the LAR and the LWR were s i gnificantly enhanced 

by increas i ng the nitrogen l eve l from 57 ppm t o 250 ppm . Henc e 

the increase in the LAR was due t o mor e mat eri a l going t o the f or­

mation of l eaves than t o other or gans of the plant. 

E. vesiculosum plants grown i n 57 ppm nitrogen had a higher 

root:top r a tio than thos e grov.'TI in 250 ppm nitrogen. This obser-

vation i s in accord with the works of other investigators (e . g . 

Sidens and Young, 1950). The r esult could be explained by the 

r educed t op growth in l ow 11.itrogen. The top growth utilises a 
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relatively small proportion of the carbohydrate synthesised during 

photosynthesis and the excess is translocated t o the r oot system. 

Greater r oot growth becomes possible through the use of the trans-

located carbohydrate. If high nitrogen is available the t op 

growth increases and l ess amount of carbohydrate is nvailabl e for 

root gro~·:th and consequently a reducti on in the r Qot: top ratio . 

Other interpretations such as hormone balance may be involved 

(Bosemark, 1954) . 

Increasing the nitrogen level from 57 ppm to 250 ppm did 

not significantly affect the :N.AR. This observation agrees wi th 

the r esul t of Gregory and Baptiste (1936) on barley, of Ballard 

and Petrie (1936) on Sudan grass and of Crowther (1934) on cotton 

but is in contras t with the data of Ba llard and Petrie (1936) on 

wheat, of Watson (1947) on barley and mangolds and of Langer (1959) 

on timothy. As an explanation f or his r esults Crowther (1934) 

suggested tha t the i nternal l evel of nitrogen was not influenced 

very much by the high or loi;-,,r nitrogen trea tment because the inter­

nal ni trog·cn level wns in a s ense self-regul a t ed. 

Langer (1959) obtained s i gnificant nitrogen effect on the 

NAR in his 1957 experiment when the mean values of the Nl\.R f or 

intervals of 4 weeks were compared but not in his 1956 experiment . 

He explained the inconsistent results to the different levels of 

nitrogen used in both experiments . In the 1956 experiment 30 ppm 

and 150 ppm of nitrogen were used and the lowest level was not 

adequately low to obtain any significant effect . The lowest 

level of nitrogen in the 1957 experiment was 6 ppm , while the 

others were at 30 ppm and 150 ppm. The lowest nitrogen level 
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used in this study was 57 ppm which may not be low enough to in­

fluence the NAR to the 5% significant level. 

In the 1956 experiment of Langer nitrogen treatment of RGR 

was not significant but in the 1957 experiment l ow RGR was consis­

tently associ a t ed with l ow nitrogen (6 ppm) but this was only 

during the period between weeks 8 to 12 when nitrogen effect could 

be significantly detected . The LAR was also significantly increased 

by high nitrogen between weeks 8 and 10. 

There were indications in this study that the RGR was signi­

ficantly influenced by nitrogen, but because of hi gh variability 

no significant difference was observed . However a significant 

difference (P < 0 . 01) appeared when the mean values for the v;ho l e 

experimental period were compared (Table VI) . The NAR was still 

not s ignificantly influenced by nitrogen when mean values f or the 

whole experi mental period were compared a l though high nitrogen 

had higher value . The LAR was more sensitive to changing nitro-

gen l evels. It was significantly i ncreased by high nitrogen at 

harvest intervals 3, 4 and 5. The i ncrease in the RGR with high 

nitrogen was due mainly to the increase in the LAR , 

Most of the interactions observed in this study may be due 

to the t oxic effect of high nitrogen on growth in full daylight . 

In Figure 4 .8 the significant inter action of light intensity and 

nitrogen on l eaf area at harves t 2 was due t o the initial depres­

sing effect of high nitrogen on leaf area under full daylight . 

Similarly the significant interaction effects root:top ratio and 

LWR could be due to the same cause. Taking the root:top ratio 
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first, the general effect of increasing nitrogen level was an in­

crease in root weight but the top weight increased more in propor­

tion hence there was a l ower r oot :top ratio as observed in the 

three light intensities in Figure 4. 11 . Hov'ever in the full day-

light the high nitrogen depressed r oot weight instead of increasing 

it thus r esulting in a greater reduction in the root:top r a tio as 

shown in th8 graph at harveste3, 4 and 5. At harvest 6 there was 

no significant interacti on effect mos t probably because the t oxic 

effect had worn off wi th time . It may be t oo early at harvest 2 

f or the nitrogen eff ect to be evident as suggested by the lack of 

significant interaction at this harvest . The interaction effect 

on the LWR in Figure 4 . 13 may be accounted for by similar 

explanation . 

The interaction of light intensity and nitrogen have sig­

nificant effects on the u \R and the Llili at harvest 5 and at harvest 

interval 5 respectively. The interactions cannot be explained by 

the toxic effect. The combination of high nitrogen and 52% day­

light at that particular time had far greater promotive effect on 

the ratios than at any other tihle , this could be a possible 

explanation . 

The significant block effect which occurred in some cases 

was due t o the varying sizes of the plants used at the start of 

the experiment and with time, when the plants matured and were 

more uniform the effec t disappear ed. 



Chapter V EFFECTS OF DAYLENGTH AND NITROGEN 

ONE . VESICULOSUM 

5.1 . MORPHOLOGY AND PLANT GROWTH 

5 .1. 1 Experiment d0sign 
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There were two experiments involve d in the s tudy of 

mor pho logy and growt h in re sponse t o dayleng th and n itrogen . 

In both experiments the p l an t s were of a b o~t the s a me 

phys iolog ic al and morpholog i cal age (4 leaves per p l a nt) . 

Expe riment 5.1 (I) was iaid out on a factorial comb i nat i on of 

two dayle n gth t r eatment s , 11 s hortn (8 hours) and "long " (16 hours) 

and t wo nitrogen levels , " low " ( 57ppm N) and " h i gh " (250ppm N) . 

One bay was used for the short day and one for the long day 

tre a tment. 0ithin dayle ngth bays the r e were seven b l ocks of each 

nitroGen treatment . 

At the begi nning of the e xperiment , representative plants 

were d i ssec t ed to ensure strict ly vegetative g r owth before p l ants 

were assign ed to the treatments . During the exper i ment , a r ecord 

was kept of the pe r centage of p l ants with macroscopic inflorescencE 

buds on three arb itary dates (32 , 52 a nd 77 days after tre a tment) 

and of the numbe r of eme rged leaves per p l an t at five arbitary 

dates (0 , 3 2 , 52 , 60 and 77 days after treatment) . At the harvest 

77 days after treatment each treatment was r epresente d by seven 

bloc ks of single pot plant . The number of flowers per inflore-

scence , the number of teeth per leaf, the number of runners per 

plant and the length of the leaves were determined. The dry 

weights of the plants of four blocks were det e r mined and 

the plants of the other blocks were preserved for future 
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anatomical investigation. 

Experiment 5 . 1 (II) was l aid out on a factorial design 

simila r to Exper i ment 5 .1 (I) except more blocks were used t o 

allow for t wo harvests . For the first harvest 28 days af ter 

treatment four blocks were taken for each treatment . The growing 

points of a ll the plants were examined under a dissecting 

microscope . The dry weights of l e av es and root s and the leaf 

are a we r e determined . The fina l h a rvest was taken at 91 days 

after treatment . The dry we i ghts of radic a l leaves , runner 

leaves , runn e r s tem, lateral branches, inflorescenc es a nd roots, 

the leaf a rea (radi cal and runner separa t e ly), the number of 

runner s pe r plant a n d the n umber of flowers per infloresce n c e 

were determi ned . The flowering t i me (definition in section 

5 . 2 . 2 . 1) was also r ec orded. For each treatment se v en blocks 

of single pot plant we re taken . 

5 . 1 . 2 . 

5 . 1 . 2 . 1 

Exper i mental Methods 

Determinat ion of Dry We ights a nd Lea f ~r ea 
• 

The method us e d was as de sc ribed in Se c tion 4 . 2 . 2 . 1 

5 .1. 2 . 2 De termination of Leaf Length , Leaf Dissection 

a nd Number of Emerged Leaves per Plant 

The length of leaf number 4 to number 11 inclusive i~ the 

plant was measured at th e h a rvest . Each leaf was detached from 

the plant and its length me asured from tip of lamina to the base 

of the petiole. Earlier leave s were not used because when the 

plants were assigned to their treatments these leaves were fairly 
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long and would most probably response les s to the treatment. 

To assur e that the l eave s had attained tt ~~ r maximum growth 

when measured leaves later than le af numbe r 11 were not taken . 

The leaf d i sse ction is expressed as the number of tee t h 

pe r leaf . The more t eeth pe r leaf the mor e dissected was the 

leaf. Leaf dissec tion was dete r mi ned on l eaf numbe r 6 to n umber 

13 inclus ive per plant . These l eaves were chosen be c ause the 

earlier leaves we r e all entire and in order to have uniform 

e n t rie s per treatment leaves l ate r t han leaf·number 13 were not 

taken as in some blocks only thirteen l eav es were in a plant 

while in othe r s more leav es were available . 

Number of leaves emerg ing from the central axis was 

counted on each plant . An emerged leaf i s defined in th i s 

study as one that can be observed with the naked eye . 

5 . 1 . 2 . 3 Analysis of Data 

The data we r e ana l y sed as a 2 x 2 factori~l des i gn . 

Leas t s i gnific ant difference test and co- efficient of v ariation 

were calcula ted for each analysis. An example of the method 

u s ed i s in App end ix XI . All a nalyses were performed on the 

origina l sc a le in terms of pe r unit plant . 

Results 

The results are expressed in the main body of the text 

either in t ab les or graphs with their appropriat e least 

significant difference. Analysis of v a ri ancei s tabulated 

with mean squares and ; ignificance levels in Appendix XII. 
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Plate XI(a) shows the plants at 45 days after treatment 

in Expt . 5.1 (I). There were no infloresences or runners visible 

at this stage . Plants under long days were bigger than those under 

short days . In Experiment 5 . 1 (II) the plants at the first 

harvest (28 days after treatment) had just i nitiated i nflorescence 

primordia under long days and we r e vegetativ e under short days . 

At the final harvest at 91 dnys after treutment the long day 

treated plants were flowering and producing runners and the short 

days were stil l vegetative as illustrated in Plate XI (b ) 

A. MORPHOLOGY 

Leaf Length and Leaf Di ~sect ion 

( a) Daylength treatment 

Dnylength had statistically s ienific a nt effects on leaf 

l ength (p~·o . 01) and leaf dissection (P'.0 . 01). The length of the 

leaf and the number of teeth per leaf were increased by increasing 

the daylength from eight hours to sixteen hours as shown in Table X. 

TABLE X 

The main effects of daylength and nitrogen 

on le af length and leaf d i ssec tion 

Treatment Leaf Length (c m.) No . teethL'.leaf 

Daylength : short 7. 6 4. 1 
long 13 . 5 23 . 8 

Result (5?6 LSD) * * ( . 4) ** (1 . 5) 

Nitrogen: Low 10. 0 10 . 6 
High 11 . 1 17 . 3 

Re sul t (5% LSD ) ** ( . 4) ** (1 . 5) 
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PL,lTE XI 

91 

(a) 

HN.SD 

(b) 

Effects of two nitrogen levels (57ppm N = LN, 

250ppm N = HN on E. vesiculosum grown in 8·hour 

daylength (SD) and 16 hour daylength (LD) at (a) 

45 days and (b) 91 dnys after start of the experiment . 
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(b) Nitrogen tr ea t me nt 

I ncreas i ng the nitrogen level fr om 57ppm to 250ppm had 

s tatis tic a lly signif i cant effects on l eaf l eng th (P<0 . 0 1) and 

leaf dissection (P<0 . 01) . The highe r nitrogen level was associated 

with longer a nd mor e d issected leaves (Table X). 

(c) Leaf Position 

Leaf l eng tl1 and leaf dissection were s tatistically i nfluenced 

(P(0. 01 ) by leaf position . Leaf leng t h was longer as the l eaf was 

insert e d further from the base and this reached its maximum value 

a t l eaf nur.1ber 7 an d then s lowl;:f declined (Table XI). The 

degree of dissection of the l eaf increased as the l eaf was at a 

further pos i tion from the base and it attained its maximum dissection 

at leaf numbe r 10 and then decreased as shown in Table XI . 

Ti\ BLE XI 

The ma in effects of leaf position on 

leaf length and leaf d i ssect ion 

Le a f position Leaf 

4 
5 
6 
7 
8 
9 

10 
11 
1 2 
13 

Result ( 5% LSD) 

(c) Interactions 

length 

8 . 9 
10 . 1 
11 • 1 
1 2 . 0 
11. 4 
10 . 9 
10 . 4 

9 . 8 

** (. 8 ) 

( cm . ) No . teeth/lea.f 

1 . 4 
Lf . 1 

1.4. 5 
1 9 . 6 
2 1 . 0 
20 . 9 
16 . 5 
13 . 4 

** ( 3 . 5 ) 

The interaction of daylength and leaf pos iti on had statistic­

tically s ignificant e ff ec t s on leaf length (P( 0 . O1) and leaf 
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disection (P{0 . 01) . At all the leaf positions the length of the 

l eaf was greater in long days but the increase in length was not 

equal for all the p ositions . The increase was progress ive ly 

greater un t il leaf number 7 and then s lowly dec lined as 

graphically illustr ated in Figure 5 . 1 (a) . In short days the 

leaf length was r e latively constant from leaf number ~ to 

- 11 . The curves of the interaction effect on leaf d i ssect ion 

sh ow that in short days the degr ee of disse ction did not change 

much afte r leaf number - ~ ·wher eas in long days i t increased 

rapidly from 2 . 3 teeth in leaf number 6 to 35 . 2 t ee th in l eaf 

number 9. . It r eached the p l ateau at leaf numbe r 10 ( 36 . 7 teeth) 

and then r ap i dly dec r eased to 20 . 9 teeth i n leaf numbe r 19 

as shown in Fugure 5 . 1 ( b) . 

There was a l so a sign i ficant i n terac tion ef f ect of nitrogen 

and leaf pos iti on on leaf length(P(0 , 01) but not on leaf d i sse ction . 

At the lowe r leaf positions the effect of in~reasing t he nitrogen level 

from 57ppm to 250ppm was negl i g ibl e but became sieni f ic a nt at 

higher positions be cause of a more rap id decl ine in the leaf length 

in the lowe r nitrogen leve l (Figur e 5 . 1 (a)) . The h igh and low 

nitrogen l ev e l affected the l e af dissection in a similar t . end 

(Figure 5 . 1 (b) ). Both increased the numbe r of te e th per l eaf 

with increasing leaf position and after reaching the plateau. at the 

same leaf number , began to decline . 

The effect of diylength and nitroge n interaction on leaf 

length and leaf dissection was significant at the 1% level , Table 

XII shows that with both nitrogen levels l ong day increased the leaf 

length and the n umber of teeth per leaf but the increase was higher 
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with h:igh nitrog:m (€. 9cm 1 24 . 5 teeth) than with low nitrogen 

(5.1 cm and 15 . 0 teeth) . 

TABLE XII 

The interaction effects of daylength and nitrogen on 

leaf length and leaf dissection 

Leaf lensth (cm . ) No . teeth/leaf 

Day length Low N High N Low N High N 

Long 12 . 5 14 . 6 18 . 1 29 . 6 
Short 7 . 4 7 . 7 3 .1 5 . 1 
Result (5% LSD) ** ~6) ** (2. 2) 

5 . 1 . 3 . 2 Number .. of Emer_ged Leave
0

s ,.per Plant 

( a ) Daylength treatment 

Data illustrated in Figure 5 . 2. (a) shows that the number of 

emerged leaves per plant tended to be slightly higher under long 

days although the difference did not reach the 5% l8ve l of 

significance . However a significant d i ffe r ence (P(0 . 01) was 

detected at 7'l days after treatment; leaf number in short day 

treated plant was higher than that of long day treated ones. The 

observation was not unexpected as under long days the plant by 

the n were flo we ring and consequently had stopped ini ti at:ing leaves 

whereas under short days the plants were vege tative and continued 

to initiate leaves . 

(b) Nitrogen treatment 

Increasing the nitrogen level from 57 ppm to 250 ppm 

significantly increased the leaf number per plant at 52 (P(0 . 01 ~ 66 

and 77 days (P(C . 05 ) after treatment (Figure 5 . 2 (b ) ) . At 32 days 
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after treatment , the effect of high nitrogen was not yet promotive 

to cause the difference in leaf number to be statistically detected . 

(c) Daylength X nitrogen interaction 

There was no significant daylength X nitrogen int e raction 

effect on leaf number per plant except at 77 days after treatment • 

High nitrogen increased leaf number under both daylength treatments 

but the inc r ease was much greater under short days ( 2 . 58 leaves) 

than under long days ( . 28 leave s ) . This is because the long day 

treat ed plants which had flowered did not p roduce further leaves on 

the control axis where short day treated plants which were stil l 

vegetative , cont inued their leaf production on the central axis . 

B . GRO\iTH 

5 .1.3, 3 • Changes in Dry 0e ight 

( a) Daylength treatment 

When subjec ted to analysis of variance the differences between 

total dry weights and leaf dry weights with in the two daylength 

treatments were found to be significant above the 5% level . The 

treatment effect on root dry we ight was not statistically significant . 

Total dry weight was significantly inc r eased by increasing the day­

length f r om 8 hours to 16 hours when harvested at 28 (P< O. O5) 

77 and 91 (P <O. O1 ) days after treatm ent (Table XII I ) . The 

great diffe r ence i n total dry weight of plants gro wn in long days 

and of those grown in short days at 77 and 91 days after t r eatment 

was attr ibutable to the extra we i ght contributed by the runners , 

lateral branches and i nflorescences in the long-day treated 

plants . Plants grown in short days were 



vege tative a nd did not produc e runne r s and lateral branches. 

Table XI II shows that when to tal dr y we i gh t was es tima t ed only 

from r oo t s and r ad i cal l e av e s the treatment e ff ec t was still 

signi ficant (P(0. 05 ) a t 91 days af t e r treatment . At 77 days 

a ft e r t r eatmen t top dr y weight of p l ants \'Jas not separated into 

runner weight , lateral branch we i ght , infloresc e nce we i ght and 

radical l eaf we i gh t. 

TABLE XI II 

The ma i m effects of daylength on changes in dry weigh t ( mg) 

Day length 

Characte r Lonp; Short Result (5% LSD) 

28 da;y: s a ft e r tr eatment 

Total dry we i gh t 293 . 00 221. 20 * (70. 53 ) 
Leaf dry weight 121. 57 78 . 60 ** (28 . 09 ) 
Root d ry weight 171 . 43 142. 60 n.s. 

77 da;y:s af t e r tre a tm e nt 

Total dry weight 794 . 26 382 . 86 ** (120 .1 8) 
Leaf dr y we i gh t 545 . 45 139 . 84 ** (75 .73) 
Root dr y we ight 248 . 80 243 . 02 n . s . 

91 do.ys af ter t r ea tmen t 

Total dry we i gh t 2915 . 72 835 . 38 ** (196 . 59 ) 
( 1) 946 . 23 835 . 38 * (104 . 73 ) 

Leaf dry we i gh t 763 . 35 254 . 86 ** (1 01. 29 ) 
(2) 326 .1 4 254 . 86 * (61 . 29 ) 

Root dr y weight 620 . 08 580 . 52 n . s . 

(1) exclud ing weights from runne r s , l a t e ral branches and 

inflorescences 

( 2) excluding weights fro m leave s of runne rs a nd lat e ral 

branches 
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Long day treated plants had heavier leaf dry weight than shor t 

day treated plants . At 77 and 91 days after treatment the heavier 

leaf weights were mos tly attributed to leaves from runners and 

lateral branches although leaf weigh t estimated on radical leaves 

alone was still significantly heavier in long day treat e d plants 

than short day treated plants . 

(b) Nitrogen treatment 

The treatment effect was not evident 28 days afte r treatmen t . 

On later ha rves ts high nitrogen yielded s ignificantly h eavi e r total 

dry weight (P(0. 01 ) and leaf dry we ight (P(0 . 01 ) at 77 days after 

treatment and s ignificantly henvier total dryweight (P<0.01) , leaf 

dry weight (P(0 . 05) and root dry weight (P(0 . 01 ) 91 days afte r 

trea tmen t (Tabl e XIV J. The t r eatment effects we r e st ill s ignificant 

when the total dry weight was est i ma t ed only fro m root s and radical 

le aves and when the leaf dry weight was est imated from the radical 

leaves alone (T ab l e XV) . High nitrog0n had a depressing e ffect on 

root weight at 28 days a fter trea tment although the effect was not 

stati s ticall~ s i gnificant . The observation could be attribut~b l e 

to an exper imental e rror or to an ammonium toxicity effect 

(see 4.2 . 4 . Discussion) as the source of high nitrogen was f rom 

nitrate am:i ammon ium whereas the sourc e of low nitrogen was from 

only nitrate . The poss ibility that the toxic e ffect d i ~inished 

with time was suggested by the positive effect of high nitrogen 

at 77 and 91 days after treatment . 
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Ti,BLE XIV 

The main effects of nitrogen on changes in dry weight ( mg .) 

Nitrogen 

Characte r Low High Result (5% LSD) 

28 days after treatment 

Total dry weight 256 . 43 257 . 76 n os . 
Leaf dry weight 95 . 74 104 . ~-3 n . so 
Root dry weight 160 . 69 153 . 34 n . s . 

77 days after treatment 

Total dry weight 481 . 52 695 . 59 ** ( 120 . 18) 
Leaf dry we i ght 247 . 73 437 . 57 ** (75 . 73) 
Root dry we i ght 233 . '79 258 . 03 n. s. 

91 days after tre atmen t 

Total dry we i ght 1531 . 45 2219 . 64 ** (196 . 59) 
( 1 ) 773 . 61 1008 . 00 * * (104 . 73 ) 

Leaf dry weight 407 . 20 61 1 . 01 ** (1 01. 29 ) 
(2) 24Lf . 73 336 . 27 * (61 . 29 ) 

Root dry weight 528. 88 671 . 72 ** (7 9. 06 ) 

For (1) and (2) refer Table XIII footnote 

(c) Daylength X nitrogen interaction 

The int eraction effects of daylength and nitrogen were 

s ignificant on leaf dry weights at 28 (P( 0 . 05 ), 77 (P<0 . 01) and 

91 (P<0.05) days afte r treatment and on total dry weight at 

77 days and 91 days (P<0 . 01 ) after treatment . There was no 

significant interact ion effect on root dry we i ghts (Table XV). 

When the total dry weight and leaf dry we ight at 91 days afte r 

treatment we r e est i mated from root and r ad i cal l eaves and from r adical 

leaves respective ly the interaction eff ects were no longer signif i cant 

as shown in Table XV . Thus the significant interaction effects 

observed at 77 and 91 days after t r e atment could be an ar tifact 

produced by the presence of runners , lateral br anches and 

inflorescenc es in long day treated p l ants . The interaction observed 



TABLE XV 

The int e raction effects of da ylength and 

nitrogen on changes in dry weight ( mg ) 

Nitrogen 
Character Dayle ng t h Low High 

28 days afte r treatment 

Leaf dry weight Long 
Short 

77 days afte r treatment 

Total dry weight 

Le a f dry we i g ht 

Long 
Short 

Long 
Short 

91 days after treatment 

Total d r y we ight Long 
Long 
Short 

Leaf dry vw igh t Long 
Long 
Short 

For ( 1 ) and (2) r efe r Table 

( 1 ) 

(2) 

101 . 86 
89 . 63 

584 . 59 
378 . 45 

355 . 32 
140 .-1 4 

2363 . 08 
847 . 41 
699 . 81 
603. 69 
278 . 75 
210 .·72 

XIII footnote 

136 . 28 
67 . 57 

1003 . 92 
387 . 27 

735 . 59 
139 . 55 

3468 . 36 
1045 . 05 
970 . 75 
<; 23.01 
358 . 21 
299 . 01 
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Result (5% lsd) 

* * ( 169 . 97) 

* * ( 107 . 11) 

** (278 . 00 ) 
n . s 4 

* ( 11+ 3. 25) 
n . S " 

on l eaf dry weight at 28 days a ft e r trea t ment could be caused 

by the ammoni~m toxicity e f fect of high nitrogen ; the toxic 

ef f ect being greater unde r short days than under long days . 

1wot: Top Ha tiu 

(a) Daylength treatmen t 

The treatment had statistically significant effect on 

root : top ratio at 28 , 77 and 91 days afte r treatment (P<0. 01) . 

Pla nts grown in long days had lower ratios than thos e grown in 

short days (Table XVI) . 



Treatmen t 

Day l e ng t h : 

Result (5% 

Ni troge n : 

Result (5~{; 

TABLE XVI 

The main effects of day length and 

nitrogen on r oot : top ratio 
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Days afte r t r e atment 

28 77 

Shor t 1 . 836 1 . 836 
Long 1 . 441 . 508 

LSD ) ** ( . 167) ** ( . 28 7) 

Low 1 . 696 1 . 21 1+ 
High 1 . 581 1 . 130 

LSD) n .- s . n . s . 

91 

2 . 325 
. 28 1 

** ( . 257 ) 

1 . 344 
1 . 262 

n . s . 

The l ow r at ios in lon g da y s obse rv ed 77 and 91 days a ft e r 

t r ea tment ind icated th a t th e top g rowth exceeded root growth . 

This was expocted as by this t im e the long day treated pla nts 

were flo we ring and produ c ing runners a nd l ate r a l br a nche s . 

This would expl a in th e inte r est ing tr e nd that i n long da ys the 

ratio decreased with tim e whereas in shor t days the r a tio was 

more or l ess consta nt with t i me (Table XVI ). 

(b ) Ni troge n treatment 

Ni t r ogen had n o stat i st i cally s i gnif i cant effe ct on t h e 

r at i o . However a regular tre nd wRs obse rved that the rat i o 

dec r eased when nitr ogen l e v el was i n creased as eviden t f rom 

Tab l e XVI . 

(c) Dayleng th X . Nitrogen i nte r a c t i on 

The r e was a s i gni f i cant in te r action on t he r at i o ~t 28 

day s a ft e r trea tment (P< 0 . 01 ) . Hig h n i t rogen had a negative 

e ff e ct on the r a tio in long days and a p os i t ive effec t on the 
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ratio in short day (Table XVII) . A similar trend was 

observed on the ratio at 77 days after treatment although the 

Ti,BLE XVII 

The i nteraction effec t of daylength and 

nitrogen on root : top ratio 

Da ys after treo.tment Day length Low High Result (5% LSD ) 

28 Long 1.615 1. 268 ** (. 235) 
Short 1. 777 1. 895 

77 Long o. 648 0. 369 n . s . 
Short 1. 781 1. 891 

91 Long . 319 . 243 n . s . 
Short 2. 369 2. 28 1 

interac tion was ncisignificant . ~t 91 days aft e r treatment 

the inte r action effect on the ration was also not significant and 

high nitrogen had depressing e ff e ct on t he r atios under both 

daylengths . The significant intera ction obs erved at 28 days 

after trea tment could have r esult ed from the initial ammonuim 

toxic effect of high nitrogen. 

5 . 1. 3 . 5. Leaf Area 

(a) Daylength treatment 

An analysis of variance of the leaf a r ea showed no 

statistically significant difference betweem the leaf area for the 

two daylength treatments at 28, and 91 days after treatment when 

the area was es timated from radic a l leaves alone . However when 
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l eaf area from the runne rs and l a teral branches was included , 

increasing the daylength from 8 hour s to 16 hours significantly 

increased the area (P( 0 . 01) as shown in Table XVIII . This 

would be expectud a s runners and l a t e ral branches which we r e only 

produced by long day treat e d plants as observed in this study 

contributed about 60% of the 1 632 . 78cm2 of leaf area . 

T:.BLE XVIII 

The main e ffects of daylcng th and 

nitrogen on leaf area (cm2 ) 

Treatm8nt Days after treatment 

28 9 1 
(3) 

Dnyl e n ..; th : Short 14. 56 635 . 41 635 . 41 
Long 1 9 . 37 1G32 . 78 696 . 62 

Re s ult (5% LSD) n . s . ** (15 . 99 ) n . s . 

Nitroge n: Low 17 . 8 4 6 1 . 96 37 . 8~ 
Hi gh 16 . 09 100 . 06 57 . 30 

Result (5}:, LSD) n . s . ** (15 . 99 ) **(1 0 . 02 ) 

(3) figures in this column exclude the l eaf u r ea from leave s 

of runne rs and lateral branches . 

(b) Nitrogen tre atment 

The treatment had a statistically s ignificant e ffect 

on the ~rea at 91 d~ys after treatment (P<0 . 01 ) but not at 28 days 

after treatment . From Table XVIII it is evident that plants grown 

in high l evel of nitrogen had larger leaf areas irrespective of 

whether the area was estimated from radical leaves alone or 

s 
from radical l eav es plus runner leaves and leaves from lateral bra:n::h~ 

t han those grown in low nitrogen at 91 days after treatment. 
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5 . 2 !'LQWERING , NUMBER OF FLOWERS PER INFLORESCENCE . . -~ 
AND NUMBER OF RUNNERS PER PL~NT - ., .- ... ...,.,,.,,,,..------=-,-,------:---~-

5 . 2 . 1 Experimental Design 

The experiment was perfor med to investigate the effects 

of two nitrogen levels on the formation of flower primordia, numbcr 

of flowers per inforesc e nce and number of r unners per plan t . It 

wa s laid on a completely r a ndomised l:il.ock design . Repres entative 

plants we re dissected and no floralprimordi a were found in any of 

the plants before allocat ing them to the ir treatments . Eighty 

single pot plan ts were ass igned to e ight blo cks und e r long day ;;. 

Ha lf the plants in each block were fed with high nitrog0n and the 

othe r half with low nitrogen . ~11 th e plants were of s i milar 

physiological age although the le~f number ranged from 23 - 48 

wi th a.mean of 32 . 8 + . 5 . 

One plant per bloc k was exam ine d under a dissect ing microscope 

on the 25th , 26 th , 27th a nd 29th day afte r tr eatment . The 

inflores cenc e primordium was scor ed ac cording to the v a rious stages 

defined in section 5 . 2 . 2 . 1 . The r emaining plants were continued 

with the ir trentment s to deteriliine the flowering time (def inition 

see section 5 . 2 . 2 . 1). The numb e r of flowers per infloresc ence 

and runner number pe r plant were also counted and r ec orded . 

5 . 2 . 2 Experimental Methods 

5 . 2 . 2 . 1 Criter i a of Flowering 

Flowering may be measured by several methods based 

e ither on observation of macroscopic buds or flowers or microscopic 

floral primordia . Some methods used by various workers is 
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reviewed by Lang (1965). 

in this study. 

The followingmothods were used 

(a) Plants were exami ned at some arbitary time and a record 

was made as whether or not they have flowered . The r esults 

are expressed as a percentage of flowering plants compared to 

the tot nl replication of a trea tment. 

(b) The flowering time was determined . This i s measured 

as th e number of days from the commencement of the treatmen t 

to the day of opening of the first flower in the inflores c encu . 

Th o flower is said to be opened when the st~mens c an be seen 

with the naked eye . 

(c) ht somu a r bitary time plants we r e micro dissected and 

arbitary stages of floral development were as~ignad to these 

plants. The rate of flo r a l development recorded by a stage scor e 

system is illustr ated in Plate XIII r~nd defined below . 

Stage 0: Relatively smal l vegetative growing point 

Stage 1 : 

Stage 2 : 

Growing po int hemispherical in shape and 

cl early visible 

Inflorescence primord ium recognizible with 

its base constricted 

Stage 3: Flower primordia visible on the inflorescence 

primordium , covering not more than a quart er of 

the inflorescenc e pr i mordium 

Stage 4: Flower primordia cov ering three qua rters of 

the inflorescence primordium 

Stage 5: Flower primordin covering the whole inflorescence 

primordium except the tip-
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Stage 6 : Flower primordia covering the whole 

infloresc e nce primordium . 

Stage 7: Inflorescence primordium surrounded with 

bracts . 

5 . 2. 2. 2. Determin~tion of Number of Flowers per Inflores c ence 

Inflorescences were detache d from the flowering axes and 

take n to the laboratory . Flowers in each inflore scence were 

removed from tho inflorescence with a sharp scal pel and counted. 

5 . 2. 2. 3. ~nalysis of data 

The data were analysised as a compl e t e ly r a ndomised 

block design f ollowing Sne de c or and Coch ran (1 968) . Co ef ficient. 

of variation was calculated for each ana lysis and l eas t s ignificant 

d iffe r ence t es t was used to establ ish diff e rence between me~ns . 

Data from Experiment 5 . 1 (I) and from Expe riment 5.1 (II) in 

tho previous section 5 . 1 gerc analysed in conjunction with the 

currcn t E xpe rim en t 5 . 2 . 

analyses . 

5 . 2. 3 . Results 

T'.1e original scale was us ed in a ll the 

The means and standard errors of the raw data are in 

Appendix XIV and summaries of analys is of var i ance in 

Append ix XV . 

5 . 2. 3. 1. Flo~ering 

~ppearance of macroscopic inflorescence bud 

Flowering as determined by the appearance of mac roscopic 

inflorescence bud was observed at 52 , 60 and 77 days after treatment . 
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Stage 0 Stage 1 

st~r;c 2 Star;c 3 

PL,'.TE XIII Dc vclopmcntnl st~gcs c f the inflorescence primordium 

X 400 . For dcfination sec text . 
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Stage 4 Stage 5 

Stage 6 Sto.ge 7 

PL;,TE XIII Continued 
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The results a r e presented in Table XIX . The r esults indicated that 

plants flower d under long dny nnd remained v egetative under short 

day . Further under long day plants fed with high nitrogen appeared 

to have ear l i er appear ance of in f lorescence buds than those fed with 

low nitrogen . 

T,\BLB XIX 

The effect of dnylength and nitrogen on flowering 

Percentage of El a nts with macrosco:eic 

Daylength Nitrogen inflorescence bud o.t da.ys 0-fto r treatment 

52 60 77 

Long Lo w 28 . 6 71.4 100 
High 71 . 4 85 .7 100 

Short Lo-,v 0 0 0 
HiGh 0 0 0 

(ii) Flowering time 

Flower time was not statiat i cnl ly s i gnificantly affe cte d 

by incre~s ing tho nitrogen level from 57ppm to 250 ppm in 

e xpe rimen t II of sect ion 5 . 1 . Howeve r tho pr esent experiment 

showed tha t by increas ing the nitrogen l e v e l the flowe ring time 

was significnntly delayed (P<0 . 0 1) . Tho nvorago time of flowering 

time unde r low nitrogen was 90 . 13 days as compared to 95 . 38 days 

under high nitrogen ( ~ppendix XIV) . 

(iii) Infloresc0~~ e de vel opmen t 

~n analysis of variance of the infloresc e nce development 
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showed no significant d ifferences between developmental stages 

for the two nitrogen levels when dete r mined at 25 , 26 , 27 and 

29 days af t e r treatment . 

5 . 2 .3.2 Numbe r of Flowers per Inflorescence 

The data for the number of flowers per inflorescence were 

obtained from Experiment I nnd II in sect i on 5 .1 and th e present 

experiment . When subjected to analysis of var i a nc e the difference 

between the number of flower per inflorescenc e in the high a n d lo w 

n i trogen treatments we r e found to be not s i gnificant a t the 5% l e v el 

for a ll the thre2 experim ents . ( ~ppendix XIV.) 

5 . 2 . 3 . 3 Numbe r of Runners per Plant 

Increasing the nitrogen lev el f r om 57 ppm to 250 ppm had 

no signif i cant effect on runn er number per plPnt in Exper i ment I 

nnd II in Sect i on 5 . 1 ond the pr esent experiment . Compnring the 

r e sults between e xpe riments nn interest ing po int can be noticed . 

Plants in the pr esent exper iment wh i ch were physiologically and 

morpho logically older than those of the other two experimen t s had 

more runne r s pe r plant than those of the other exper i ments . 

5 ~. 2 . 4Discuss i on 

It has b een demonstrated by seve r al invest i gators t ha t 

l eaf shape was affected by dayl ength . hshby (1 950 ) observe d 

tha t in Ipomoea caerul ea lobing of l eaves in l ong d ays we r e more 

pronounc ed than those in short days . Similar findings were noted 

by Sen Gupt a and Payne (1 947) and Sanchez ( 1967 ) on di ffer ent 

pla nt spec i es . The r esult s o f this study showed that l eaf 

length a n d the degree of l eaf dissec tion we r e a l so increased by 
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long day treatment (Table X). Independ ently of the effect of 

daylength , l eaf position a l s o influenced l eaf shape . Ther e 

was a progressive increase in leaf l ength and degree of le a f 

dissection from l eaf position to leaf position up t he main axis 

followed by a declind af t e r reach ing the maximum v a lues (Table 

XI) . This phenomenon has been observed by some inves tigators 

( eg . lshby, 1950 , Borrill , 1959 , Aspinal and Pnleg , 1964). 

~ccording to Kr e nke ' s hypothesis (~shby, 1948 ) the incre a sing 

amount of dissection or lobing of the l eav es was associntcd with 

physiological age . The result of this study appeared to support 

thi s hypothesis as short day treatmen t de l a yed maturity through 

th e p rocess of inhibiting flo we ring while long dny tre a tme nt 

has t e n ed the proc ess of maturity by p romoting flowering . The 

findings of ~shb y (1 950 ) on I . cacrulea in which both l eaf shape 

and flowering were cont r olled by d ay l e ngth did not support the 

Kr e nke ' s hypothesis . Borrill (1959) end Thomas (1961) noted thn t 

th e heteroblastic changes wero .linked with flor a l d e velopment. 

These observa tions would be compat ibl e wi th Krenke's hypothesis . 

The significant effect of l eaf position on l eaf shape •in this 

study was probably an a rtifact as a result of long day treatme nt. 

The v a ri a tion of le af shape from le a f position to position was 

not significant under short days but was significant unde r long days. 

There was a general tendency for number of emerged leaves 

per plant to increase with increasing daylength. The data of 

Friend et al (1962) of differ ent plant species also showed that the 

rate of leaf production was increased by increasing the daylength . 

The increased number of emerged leaves per plant under long days 
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could be caused by floral initia tion under induc tive long days. 

This would confirm the findings of Schwabe (195 9 ), nnd of 

La nger and Bussell (1964) which showed th a t the inc r ensed 

r ate of l eaf product i on was assoc i ated with floral i n itiat ion . 

The r esult of this study showed t hat both g ro wth a nd 

flowering of E . v es iculosum we r e ma rked ly influenced by 

d ay l eng th . Plants g r own in long-days were s ignificantly h eavier 

t han those gr own in short- days (Ta ble XIII) . The heavi e r we i ght 

was due to the increase in top growt h while t he r oo t growth was 

not s i gnif i cantly affected by d a ylength tr ea tments . In the 

v egetat ive stage the top weight compr i sed of the r ad ical leaves 

alon e a nd in the r eproduct ive st~gc th e top include d runners , 

l ate r a l branches and inflores c enc es bes i des the r ad ic al l eaves . 

Thus it was not unexpected thattop we i gh t of long - day trea t e d 

plants in the ir r eproductiv e stage was v e ry much heavier than 

t hat of short - day treated plants wh i ch r emai ned v egetat ive . 

The contribution made by the v a rious organs towards the t otal 

plant weight of the long-day tr0atcd plants i s shown in Table XX . · 

However even whe n the weights est i ma t e d from radic a l leaves a nd 

roots for total dry we ight a nd r adical l eav e s a lone for l eaf dry 

weight we r e considered t he long - day treated plants we r e s till s ign­

ificantly he avi e r t han those short - day treated p l ants though at a 

lowe r l e v el of signifi cance . The works of Frie nd et a l (1 967 ) 

on wh eat &nd of Hughes a nd Evans (1 963 )on Impa tiens p a rviflora 

als o s howe d that increasin g the dayl ength increased dry matter 

accumulation . Under long d ays the top growth e xc ee d e d root 

growth in E . vesiculosum resulting in a decline in root; top 
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r a tio (Tabl e XVI). The r esult i s similar to the finding s of Gall (1 947) 

T,-_B LE XX 

The p e rc entag e distribution of dry plant we ights of long day 

tr eat ed pla nt at 91 days after trea t men t 

Organs Low nitrogen Hi gh nitrogen 

Rad i cal leaves 12 . 0 10 . 7 

Runner l eav e s 6. 6 8 . 3 
Runne r stems 36 . 6 42 . 0 

Late r a l b r anches 7. 0 7 . 5 
Infloresce nc es 11 . 8 12 . 0 

Root s 24 . o 19 . 5 

on Br omus ine r mi s . 

Leaf a r ea was Rl so found to be signif i cantly a ff ec ted by 

dayl eng th trea t me nt . Incrons ing the daylength from 8 hours to 

16 hours r e sult ed i n a n inc r eased l eaf area i r r espec t i v e whethe r 

the are a was es tima t ed from r a di cal l eav es toge the r with l eav es 

fro m runne r s and l a t e r a l b r anches or from radic a l l e a v e s a lone . 

l t 28 days afte r tre a t ment the differ e nce d i d not r eac h the 5% 

significance leve l poss ibly b e c a use the inte rval from start of 

the treat ment to harvest was not adequate l y l ong e nough for the 

daylength e ff ect t o become ev i dent statis tically. Further there 

was a initial depression caused by the high nitrogen treatment . 

The result contradicts the r eport of Schwabe (1 957) on Xan .thium 

pennsylvanium, Beta vulgaris, Hyoscyamus nige r a nd tomato but is 

in agreement with the data of Arney (1 956) and of 
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Goss e link and Smith (1967 ) on strawberry and of Frie nd et al (1967) 

on whe a t . 

Dayl e ngth had a v e ry marked e ff e ct on flow e ring of 

E . v e si culos un . Plan t s grown in short days did not flowe r 

whil e those grown in long days were r e productive . In the 

photoperiodic control of flo we ring the l e ngth of the unint errupt ed 

dark per i od is one of the importa nt f Rctors . It i s gene r a lly 

acc ep t ed that the phytochrome for red ( P 730) is promotive to 

flow ering in long day p l ants a nd inhib itory to flow e r ing in short 

day plants . The e ff ec t of s hort day is ass umed to med i a t e 

through th e P730 amd P66o (phytochrome r e d) balance . i',t l ong 

da rk periods a level of P730 i s es t abl i she d by t he r mal r e v er s ion of 

P730 ~ P660 wh ich no longer inh i b its flower i ng in short day p l a nt s 

and is too l ow to pr omote flowering of long day pl2nts . Furthe r 

th e pr e sence of high P660 checks r e actions l ead ing to ho rmone 

production (poss ibly flo wer ing hormone or ho r mones ) or may led 

to its ina ctivat i on or dest ruct ion. 

Most of the growth r esponse to increase in dnyl e n g th in 

this study i s s i mi lar to t h ose r eport e d for light in tensi ty in 

the prev ious chap t e r . The effec ts of daylength may mediate 

ma inly through cha nges in tota l r ad i ant ene r gy r a the r than the 

photoperiodic e ff e ct as s uch . The term dayl e ngth in this 

text i s used a s a genera l description without a ny suggest ion as 

to which of the factors i e . light duration , light inte nsity 

or ligh t quantity involve d in it a r e caus a l . 

The significanc e of the nitrogen trea tment on plant growth 

h a s already been discussed in the previous chapte r (4.2.4 Discuss ion) 
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and that of the dnylength and nitrogen interaction had been dealt 

in the results. It is only necessary to add a f ew comments . 

Increas ing the nitrogen l 8v e l from 57ppm to 250ppm genernlly increased 

the dry weights and the le af a r ea but decreased the root: top 

ratio as found in the pr ev ious chnp ter . ~ initial depression 

of growth by high leve l of nitroge n was a lso observed which 

dis appear e d with time . Hi gh nitroge n enh~nced root growth 

at 91 d a ys afte r tre a tm ent; thi s positive e ffect of nitrogen 

was not observe d in th e prev ious chapte r probably becaus e of 

th e short e r period of grow th . The leaf shape expr essed as l eaf 

l e ngth or the numb e r of t ee th per l eaf wns s i gn ificantly 

influenced by ni trogen l e vels wh ich confirme d the findings 

of the p revious chnp t er a lthough the l eaf shape was described 

in t e rms of length : breedth r ~t io . Increas ing the nitroge n 

leve l from 57ppm to 250ppm increased the number of emerged 

l eav e s pe r plnnt . This confirms th e general trend observed 

in the pervious chapter that high nitrogen i n~reased l eaf 

numb e r (T2-bl e IX) . 

The influence of nitrogen levels in flo we ring was 

determined by a few criteria . Scoring the inflorescence 

primordiu~ af ter a period of time was us e d nnd was found to 

be not s i gni f ican tly affected by nitrogen l e v els used in this study . 

However the score indic a t ed that plants in low nitrogen appeared 

to initiate inflorescence primordia earlier than in high nitroge n . 

This would lead to the expectation that the low nitrogen treated 

plants would have shorter flowering time than the hi~h nitrogen 

treated ones . The use of flow ering time as an inde x of 
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The dev olopment of pr i mordia 

to flowe r s is obv iously influenced by e nvironmental f ac tors thus 

a longer flowering time does n ot necessar ily indicate lator flor a l 

initiat ion but may indicate slowe r development after initiation. 

The stage score system on mi croscopic inflorescence primordium is 

mor e satisfactory but may still be influenced by cond i t ions 

dur ing the development of the in florescence pr i mo r d ium rathe r than 

condit i ons c aus i ng i nduction . Howeve r the error involved may 

be cons i de r ed unimportant as th e timu period involved for the 

factors to act is short . 

The r esults of Exper i m0nt 5 . 1 (II ) showed that the high 

n i trogen treated plants had short e r flowering time than the low 

nitrogen treated whereas in Experim ~n t 5 . 2 the rev e rse was 

observed . The conflicting results of Experim ~nt 5 . 1 . (II) 

and of Expe riment 5 , 2. may be caused by the different physiological 

and mo r pholog i cal age of the plants used i n th e two experiments . 

It i s generally known that at flo weri ng , a general inte rnal 

r ed i str ibution of nutri e nts i s i nitiated . I n Expe riment 5 , 1 (I I) 

where young p l ants were us e d the nutri e nt a vailab l e fro m 

r ed i s tribution f rom the small numbe r of leaves and the small ro o t 

sys t em may be limiting the r a t e o f development of primord i a to 

flowers . Thus an exte rna l s ourc e of high nitrogen W?uld be 

benefical to a f as t e r r ate of development f rom inflorescence 

primordia to flowers . In Expe rime nt 5 . 2. wh e r e much older a nd 

bigge r plants were us e d , the nutri e nt a v a ilable from r ed istribution 

from the large r numbe r o f leave s and the bigger root system is not 

limiting the r a te of flowe r development . Thus plants grown in a 
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high level of nitrogen had no advantage over those grown in 

low nitrogen level . But since low nitrogen treated p l ants 

tended to have earl i er inf lorescence primordium initiation it 

is a r easonable a ssumption that their flowering time would be 

shorter than th a t of high nitrogen treated plants . Further 

investigations are necessary to confirm or r efute this 

explanation . 

The e ff ects of nitrogen l evel on the numb e r of flowers per 

inflorescence a nd the numb e r of runners pe r plant we r e found 

to be not significant . Way nnd White (1 968 ) working on 

strawberry plnnts found thnt the number of flowers per inflorescence 

was not influenc ed by nitrogen treatment in his 1963 experiment but 

that in the 1964 experiment nitrogen h;1d o. t endency to decrease 

the flower numb e r pe r inflores c encu . , ,n interest ing feature 

urose from those observations . The older plnnts used in Expe rim en t 

5 . 2 . had higher values for number of flow e rs per infloresc ence and 

for numb e r of runners per plant than the younge r plo.nts in Experiment 

5 . 1 ( I) o.nd E xperimcnt 5 . 1 . ( II) . If t he promot ive effect of using 

older plants on these t wo attr i butes pers i sts on further inves tigati ons 

thi s feature may have practical implic a tions in relation to other 

plant spec i es where higher number of flowers per inflorescence 

and higher numb e r s of runners per plant would be an advantage . 

A cnse in mind would be the str awberry plant . 



119 

CHAPTER VI CONC LUSI ON AND SU MMAR Y 

6.1 CONCLUS ION 

In th e light o f t he r esult s obta ined fro m thi s study, 

the following c onclusi ons c a n b e dr a wn. 

( a ) F ea tur es o f the pla nt appa r ently una ff e ct ed by 

th e three e xt e rn a l f a ctors unde r s tud y. 

(i) Th e t o t a l c e ll numb er, epi derma l c ell size 

nnd s t oma t a l cha r a ct eristic s wer e un-

a ff e ct ed by nitr ogen. Leaf mor ph ol ogy i s 

measured i n l eaf l e ng t h , l eaf bread th and 

l eaf l e ng th:br oad t h r a ti o was a l s o indep­

ende nt of nit ro g e n. 

(ii ) The dry we i gh t of r oo ts wa s una ff ect ed by 

daylength a nd it i s l i ttle a ff ect e d by 

nitr ogen. 

(iii ) The d r y we i gh t of l eav e s was una ff e cted 

by light i n t e ns ity. 

(iv) The numb e r of flowers for inflor e scence 

and the numb e r o f runne rs per plant were 

una ffected by nitrogen. 

(b) Feature s of the plant a£parently affect e d by th e 

thre e external factors under study. 

(i) The total cell number, epidermal c e ll size, 

stoma tal cha r a cte ristics and chlorophyll 

conte nt were effe cted b y light intensity. 

Nitrogen a lso influenced the chlorophyll 
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content. Leaf length, l eaf dissection 

and number of l eav es per p l a nt were 

effected by dayleng th and nitrogen while 

th e l eaf l ength a nd leaf l e ngth:br ead th 

r atio were aff0ct e d by ligh t int ensity. 

(ii) The tota l dry we i ght a nd lea f dry weight 

were dependen t on dayl e ng th and nitrogen 

whereas total dry weight and r oo t dry 

wei ght were a ff ected by light intensi ty. 

(iii) The root : top r a tio was .::i ff ect ed by d .~y 

l e ngth, ligh t int e nsity and nitroGen. 

(iv) Th e lea f are::i. was a ffected by nitrog en 

and light inte nsity; it was s lightly 

a ff ected by dayle ng th. 

(v) Flowe ring wo.s depende nt on dayl e n g th 

wh e r eas t he e ffect of nitrogen on 

flow e ring tim e wa s inconclusive. 

(vi) Th e NrlR , RGR ~N D L~R we r e a ff e cted by 

ligh t int e nsity; nitrogen e ff ected the 

LAR and th e RGR but n ot the N:,R . 

6.2 SUMMkctY 

Some morphological aspects of E . v e siculosum are 

presented together with an account of the method of 

vegetative propagation of the plant . Determination 

procedures and methods are also described . 

The influence of light intensity (Full 52% and 42% 

daylight), dayl ength (8 hours and 16 hours) and nitrogen 
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(57 ppm N and 250 ppm N) on th e l eaf ana tomy and morphology 

and the plant grow t h and flow e rin g was inves tiga ted in a 

number o f g l asshous e experime nt s . 

A de crease in light intens ity reduc ed the tota l cell 

number, th e stomatal frequency and the stoma t al l ength but 

increased t he ep i de r mal c e ll size . Le a f l eng t h and leaf 

l eng th: bread t h ratio were depressed by h i gh ligh t int ens ity. 

Th e r esult of this study showed i n gen eral tha t, i n the 

who l e plant and i ts par t s , increas i ng the ligh t int ensity 

r esult ed i n an i ncr ease i n dry weight . The ibR was g r ea t er 

the higher the light i n ten s it y ; t he RGR followed a similar 

tr end but the L~R was l ess th e higher t he light i ntensity . 

Th e p l ant showed a marked adap t at i on to g r owth in shade by 

th e compensa ti ng inc rease o f l e~f area wi th de crease i n 

ligh t i n t ensity . 

ment . 

Leaf ana tomy was littl e af f ect ed by nitrogen treat­

An increase in chlor ophyll occurr e d with h i gh 

ligh t i ntensi t y a nd h i gh nitrogen . High nitrogen a l s o 

increased th e leaf l eng t h ~nd l eaf dissection. The d ry 

weight of whole plant, the l eaf dr y we i ght and the l eaf 

a r ea were in gene r a l increased b y incr eases in nitrogen 

l e v e l. The LAR a n d the RGR were found t o b e h i ghe r with 

h i g h nitrogen l e v e l while no trea t men t e ffect was de t e cted 

for t he NAR. 

Increasing the daylength from 8 hours to 16 hours 

induced flow ering . Und e r short days fl owering was 

inhibited . Plants grown under l ong days wer e heavi e r as 
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a whole tha n those g r own und e r short days. Long days 

increased the l eaf length , l eaf d issecti o n a nd r oo t:top 

r a tio. 

Other aspects of cha nges in dry wuight pro portions 

in r espons e t o ligh t int ens ity and nitrogen were also 

pr~sented . Me cha nisms by which ligh t int ensity, nitro ge n 

a nd day l e ng th mi gh t r egula t 0 growth wer e discussed . 
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JtPPEND IX I 

Mean Temperature and M8an Light Energy During 

the Experimenta l Period 

Experiment Date Temper a ture oc Light Energy 

Min . Max . Av 0r age: 2 ca l./~m / day . 

Effects of light intensity and nitrogen on : 

1 • Anatomy and 
Morpholo gy 27/3-22/5 14 . 2 24 . 2 19 . 2 174 

2 . Growth 23/3-2/4 16 . 0 26 . 7 21 . 5 204 

2/4 -12/4 14 . 7 25 . 6 20 . 2 193 

12/4-22/4 14 . 5 24 . 5 19.5 168 

22/4-2/5 13 . 9 24 . 8 19 . 4 172 

2/5 -1 2/5 13 . 3 21. 9 17 . 6 146 

Effects of daylen,rth 
{1 and nit rog en on: 

1 • Growth 

Exp t.5.1 (I) 23/3- 8/ 6 14 . 3 21+. 3 19 • .3 149 

Bxpt;.5 . 1(II) 8/7 -13/10 12 . 0 23 . 4 17 . 7 169 

2. Flowering 

Expt . 5 . 2 26/3- 25/6 14 . 2 24. 2 19 . 2 164 



APPErWIX II 

Light Transm i ss ion of ShadinBs 1, 2 and 3 

(a) Light transm i ssion of Shading 1 (i . e . glasshouse) 

measur8d by Eppley pyrholiometer . (Valuc,-s 

expre ssed as a perc e n tage of th e unshadud figures) . 

Unshaded Sh,::-tding 1 

(outside g l o.ashouse) (inside glasshouse) 

100 75.6 

100 74 . 2 

100 79.5 

100 82. 8 

100 80 . 3 

100 68 . 5 

Me3.n 100 76 . 8 + 2 . 1 

(b) Light transmiss i on of Shadings 2 and 3 . (Va lues 

expr essed as a p0 rc e n t age of Shad i ng 1). 

Instrumen t .Sha.ding 1 Shad i ni:; 2 Shad i ng 3 
( ' full' da.ylight) 

EEL Lightmas ter 100 54 . 1 44 . 8 

100 54 . 3 43 . 5 

100 51 . 2 41 . 3 

100 51.7 42 .7 

100 52 , 2 42 . 2 

Mean 100 52 . 7 + . 6 42 . 9 ±. . 6 -
Eppley 
pyrheliometer 100 51 . 0 42 .1 



APPEi'iDIX III 

So i l Temp<.':r a t]f.E_::__unde r the Sha dines 1.L 2 and 3 

Day m · 1.im0 Shading 1 Shadi n g 2 .Shading 3 

0 
C oc oc 

1 8 . 30 a . m. 14 . o 14 . o 14 . 5 

1 , 00 p . m. 23 . 0 21 . 0 21. 0 

3 . 00 p . m. 23 . 5 22 . 0 22 .0 

2 8 . 45 a •. m. 14 . o 14 . o 14. o 

Noon 25 . 0 23 . 0 23 . 0 

1+. 00 p . m. 28 . o 25 .5 25.0 

5 . 30 p~m . 2? . 0 21t . 5 25 . 0 

8 . oo p , m. 18 . 0 18 . 0 18 . 0 

3 1 . 30 p . m. 24 . o 23 . 0 22 . 0 

4 9 . 00 a .. m. 16 . 0 15 . 0 15 . 0 

Noon 21 . 0 20 . 0 20 . 0 



J..PPENDIX IV 

Composition of Nutrient Solutions 

HIGH NITROGEN NUTRI EN T SOLUTION (250 p . p . m. N) 

Salts 

Major nutri en ts: 

KNO 
3 

CaC1
2 

NH4No
3 

MgS 047H
2

0 

NaH
2

Po4zH
2
o 

Minor nutri en ts: 

Iron ch el a t e 

Mnso44H20 

CUso45H ,O 
' c:. 

H
3

Bo
3 

(NH4 )
6

Mo
7

0244H
2

0 

::/eight in g r ams/'100 litres 

4o . 4 

1+4 . 4 

55 . 1 

36 . 8 

2C . 8 

1 . 84 

0 . 223 

0 . 025 

0 . 029 

0 .1 86 

0 .0088 

p . p . m. 

N5 7 K156 

Ca160 C·l284 

N193 

Mg36 s48 

Na31 P41 

Fe2 . 8 

.Mno . 55 

Cu0 . 064 

zno . 065 

B0 • .33 

Mo0 . 048 



LOW NITROGEN NUTRIENT SOLUTION (57 p . p . m.N) 

Salts 

Major nutrients: 

KN0
3 

CaC12 

Mgso47H20 

NaH
2

Po4zH
2

0 

Minor nutrients: 

Iron chelat ~ 

Mnso44H20 

Cuso45H20 

Znso47H2o 

H
3

Bo
3 

Crrn4 ) 
6

Mo
7
o24 4H

2
o 

Weight in grams/100 litres 

40 .4 

44.4 

36.8 

20 . 8 

1 . 84 

0. 223 

0 . 025 

0 .029 

0 .1 86 

0 . 0088 

p . p . m. 

N57 K156 

Ca160 Cl284 

Mg36 

Na31 

Fe2 . 8 

Mno .55 

cuo . o64 

Zn0 .065 

B0 .33 

Mo0 . 048 

s48 

P41 



APPENDIX V 

A method used in the analysis of variance of 

split plot design of tot a l cell number 

Analysis Table 

1 Source of variation ; df BS me I F I I j 

Result i 

Main plo"ts 

Light 

Blocks 

2 

3 
6 

6887068 

3939321 

i I 
13443534 '12.99 • • 

Main plot error 

Sub plots 

l Nitrogen 

I
I Nitrogen 

Sub plot 

I 
! Total 

X Light 

error 

1 

2 

9 

23 

1313107 4.95 

1590250 265042 

146797 
372658 

5682755 

118618849 

146797 
186329 
631417 

.23 

.30 

11 Table of all items: Total Cell number ( fam 2
) 

.,. 
I 

BLOCKS 
I 

Light : Nitrogen i 1 .2 3 
' 

I 

i 5883 Full Low 6657 5529 
High I 6192 

I 
6856 5794 

' 112075 13513 11323 
I 

I 
52% Low i 4689 5264 4o69 

High 6237 5352 4821 

10926 10616 8890 

42% I Low 5640 4180 3782 
l High 5109 6170 4202 
I \ 

I i 

I i10749 10350 I 7984 I I 

j TOTAL 
,_ 

! 34479 ! 28197 ! 
i !33750 ! ; 

Cont'd •••• 

4 

• 

NS 

NS 

6369 

5573 

11942 

4777 
4423 

9200 

6414 
4401 

10815 

31957 

I 



III 

1. 

2. 

3. 
4. 
5. 
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7. 
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9. 
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APPENDIX V (contd) 

Table of Light x Nitrogen: Total Cell Number (/mm2
) 

NITROGEN ! t LIGHT LOW I HIGH I TOTAL 

I i 
Full 24438 l 24415 48853 I 

52% 18799 I 20833 39632 
42% 20016 I 19882 i 39898 

! I I 
I 

TOTAL 63252 65130 I 128383 
i I .. 

Correction: C = (128383) 2/24 = 686758112 
Total: (5883) 2+ •••• +(4401) 2 - C = 18618849 
Main plots: (12075) 2

+ •••• +(10815) 2/2 - C = 12416639 
Light: (48853) 2

+ •••• +(39898) 2/8 - C = 6887068 
Blocks: (33750) 2+ •••• +(31957) 2/6 - C = 3939321 
Main plot error: 12416639 - (6887068 + 3939321) = 1590250 

2 2 
Sub-class es in Light x Nitrogen tabe: (24438) + •••• +(19882) /4 - C 

= 7406523 
Nitrogen: (63252) 2+(65130) 2/1 2 - C = 146797 
Light x Nitrogen: 7406523 - (6887068 + 146797) = 372658 
Sub-plot error: 18618849)- (12416639 + 146797 + 372658) = 5682755 

Least significant differences (LSD) 

LSDs are ca lcula ted for main plot trea tments, sub-plot treatments 
and for interaction sffects. 

The symbols in the following formulas are: 

Ea= MS for main plot error= 265042 
Eb= MS for sub~plot error= 631417 
r = number of blocks = 4 

a= number of main plot trea tments= 3 

•=number of sub-plot trea tments= 2 

ta= t valve for d,f. for main plot error 

tb = t va lve for d.f. for sub-plot error. 

The subscripts .05 and .01 designate the 5% and 1% levels 
of significance. 

LSD for differences betwe en li gh t means. 

ta. 05 (6 d,f,) = 2,447 

ta. 01 (6 d.f.) = 3,707 

LSD = ta V2 Ea 
rb 

Lsn. 05 = 2.447 

LsD. 01 = 3.707 

= 

(257) 

(257) 

ta vc2H265042) 
(4)(2) 

= 629 cel ls per 

= 953 cells per 

mm 

mm 

= ta (257) 

2 

2 

Cont'd • • • • 



APPENDIX V (contd) 

LSD for differences between nitrogen means . 

tb. 05 (9 d.f.) = 2.262 

tb. 01 (9 d.f.) = 3.250 

LSD = tb ✓2 Eb = tb ((2)(631417) = tb(324) 

re. (4)(3) 

LSD. 05 2.262 (324) 733 cells 2 
= = per mm 

LSD . 0 1 3.250 (324) 1053 cells 2 
= = per mm 

LSD for differences between nitrogen means at the 

LSD= tb v2 Eb = tb v<2)<631417) = tb(562) 

Lsn.05 

LSD. 01 

= 

= 

r 

2. 262 (562) 

3.250 (562) 

4 

2 
= 1271 cells per mm 

2 
= 1827 cells per mm 

v Coefficient of v~riation (C.V~) 

same light level. 

Coefficient of vari a tion was c a lculated using the 

following formula. 

C.V. = ✓ Eb 
X 

X 100% 

where Eb= M.S. for sub-plot error 

and X = means of the sum of all the values in the analysis. 



APPENDIX VI 

Analysis of variance 

Charatt:,r Total call number Epidermal c ell size Stomatal frequency Stomatal length Stomatal breadth 
I 

r 
2 

1. 
2 !I 2 I (/mm) ( /u) ,, (/mm) ( /u) ( /,.u) I ,i 

Source d.f. m.s. F m.s. F m.s. F m.s. F F m.s. 

tfain rlots 

Light 2 34435 •• 11178 • 13441 • 3.8226 * 5.477 ns 

Blocks 3 13131 • 7326 ns 4805 ns .7426 ns 3.657 ns 

Main plot er:,:or 6 2650 2043 1428 .6647 1.086 

Sub plots, 

Nitrogen 1 1467 ns 136 ns 2147 ns .6402 ns .060 ns 
. 

Nitro :;en x Light 2 1863 ns 304 ns 1951 ns .7558 ns • 538 ns 

Sub }J J."lt er:r"lr 9 6314 I 1332 729 .2855 1.253 
I ; 

c.v. 14.9 9.5 8.1 I 1.9 6.2 
I 
I 
I 



APPENDIX VI (contd) 

Analysis of variance 

Character Leaf Length (cm) Lea f Breadth (cm) Leaf Length: Breadth 
.---

Source d.f. m.s. F m.s. F m,s. F 

1•12. in T-Jlote 

Light 2 84.18 • .0062 ns 192.09 •• 

n1ock1:, 3 3.23 ns .0167 ns 29.98 ns 

Main plot error 6 9.,45 .0201 9.30 

~..ib t~~ 

Nitro6en 1 2.04 ns .0073 ns .32 ns 

!\i t-o geIULight 2 1.11 ns .0223 ns 16.92 n~ 

Sub ,i>lot error 9 ·1 4.96 .0196 ! 23.12 

li. 'V. 18.8 22.,6 I 21.9 
;_ ' 



APPENDIX VI (contd) 

Analysis of variance 

. ....1 2 
Chloro. content on unit area (m§ 1e·101 /cm ·) Chloro. content on unit fresh weight - (mgx.10/mg) 

Character Total chloro. Chloro. a Chloro. b total chloro. Chloro. a Chloro. b Chloro. a/b 

' 
Sot·rce d.f. m.s. F m.s. F m.s. F m.s. F m.s. F m.s. F m.s. F 

Mai...i plots 

Lip-11.t 2 .01803 * .00667 * .00274 ns .584 ns .2787 D.S .1518 ns .0007 ns 

Bh,cl~3 3 .02491 * .00816 "' .00458 * 10 .157 ** 2.8068 ** 2.3742 • .0034 ns 

Main plot E.r .cot" 6 .00303 .00091 .00074 

Sub plots 

NitrogE,il I 1 • 03480 * .01092 • .00673 •• 56.730 ** 21,646, •• .~ 6, 2908 ** .0035 ns 

Ni trogen x li~ht 2 .00522 ns .00200 ns .00077 ns .116 ns .0311 ns .3207 ns .0007 ns 
: I I 

Snb i,lot ~r:-.-or I 9 .00340 I .00124 .00056 2,093 .6970 .4973 .0022 
I i I I 

c.v. 9.4 9.5 9.4 I 10,8 10.4 13.2 3.2 



APPENDIX VII 

Each mean with standard error is from measurement of 4 blocks 

! Full daylight 52% daylight I ' 42% daylight 

Char::i.cter Low nitrogen I High nitrogen Low nitrogen High nitrogen I Low nitrogen / High nitrogen 

' 
Total eel : number 

2 (/mm) 6110 :!:" 251 6104 + 282 -
' 4700 + 246 5208 :!; 392 5004 :t 618 4971 :t 445 

2 1104 ... 36 1066 + 63 1294 + Epidermal cel 1 a1ea (/u) 77 1256 + 43 1287 :!: 145 1317 :!: 71 - - - -
2 Str~at a l fre~u ency (/mm) 371 + 12 386 + 18 322 + 23 276 + 17 333 :!: 27 307 :!: 23 

Sta.natal J en 1sth (/.u) 28 . 27 + .42 28. 70 + • 42 27.35 ,! . 26 28 . 23 :!: .50 27.27 ::!: .21 26.93 :!: .15 

Stomatal br~adth (/,,u) 19. 27 :!: .36 18.57 :!: .79 17.40 :!: .65 17.57 :!: .73 17.37: .61 17. 60 :!: .59 

Le a f lenLth (cm) 9.8 + 1.6 10.3 + 1.3 12.6 + .6 13.9 :!: 1.0 16.6 :!: 1.9 16.5 + .7 -
Lea f brea dth (cm) .65 :!: .07 .56 :!: .07 .54 :!: .o4 .66 + .68 .61 + .o4 .69 ! .11 

Le a f l ength:leaf brea dth 15,0 :!: .7 18.6 + 1.4 23.3 :!: .9 21.6 + .9 27.0 :!: 2.2 26.0 + 4.6 

-'1 
Total c'110ro,hyll(mgx:1e'/enf) ,634 :,005 .711 +.063 .555 :!:-057 .682 +.043 .565 :t-017 .590 :!:-031 

·-1 
Cri.loro. a (n:gx.10/cm

2 )- .381 :-005 .422 :!:•035 .330 :!:-034 .406 +.024 .338 :!:•012 .350 :·018 
-~1 

C...1loro. o (.agx ·1 0/sr/) .253 +.005 .289 +.028 .225 :!:•024 .277 :•019 .228 !-005 .241 :•013 
•• ,...4 

Tota.l cn17{mgx ·: 1J/mg) 11.:2 + • 40 14.62 + 1.33 11. 95 :!: • 63 15.26 ! .43 12.00 :t .27 14.82 :!: 1.35 
freshwt) 

. -4 
Chloro a (mgx·1~/mg 6.92 + .1, 8.67 ! .76 7.11 ::!: .38 9.07:: .24 7.15 ! .20 9.13 ! .69 

freshwt) 

ehloro ( ,, ) 4.61 + .22 5.95 ! .58 4.84 + .28 6.19 :!; .21 4.85 ! .10 5.69 ! .78 - -
1 . . , .. Chlor.ophyll, .. a . : .. b ·•--·-- .,~ ... , .. -· .1.51 + .05 ... . .... 1 • .47 :!; .. .. 0.3 .. . . 1.!+.1 :-, .0;>. __ 1.47 ,:t .. 03.,. ., . , ~:1 .. }t8 . ·* ..• o 3 -,. . 1.,46. + .02 
' - - I 

' 
I . .. 



APPENDIX VIII 

1 Ana .ys1.s of variance of total dry weight ( ) mg: 

Harvest I 2 I 3 I 4 15 16 
Source ~-f. I m.s. F I F i F F F m.s. l m. s. m.s. m.s. 

I 

i ! ; 
I 

Blocks 7 1496D • 4076 ns 12955 ** 19254 ns 7201 ns 

Light (L) 2 2174.6 • 11206 * 23073 •• 45682 • 26532 • 
Error (a) 14 449J+ 2115 2074 8647 4138 
Nitrogen(N) 1 187.8 ns 790 ns 21903 ** 33227 ns 18103 •• 
LXN 2 721.2 ns 626 ns 1330 ns 691 ns 3888 ns 

Error (b) 21 349.3 
I 

913 2095 38839 1782 

c.v. I / 14.9% j 13.8% 13.9% 
' 

38.3% 17.8% 

1 Ana .ys1.s of variance of leaf drv weiii:ht ( ) fi9: 

Harvest 2 3 4 5 '6 

Source • F. I m.s. F m.s. F I m.s • F m.s. F 1m.s. F 

Blocks 7 289.47 * 11630 * 5468 ** 8578 ns 1509 ns 

Light (L) 2 79.17 ns 329)+ ns 1174 ns 5873 ns 2494 ns 

Error (a) 14 8&)1 402.9 350 4494 1909 
Nitrogen(N) 1 J)1 ns 735D ns 23366 ** 48669 •• 14179 •• 
LXN 2 211i)2 ns 47£:i ns 486 ns 3359 ns 2127 ns 

Error (b) 21 71.81 279.4 1002 I 2333 670 

c.v. 15.2% 116.9% I 18.6% l 16.0% 19.0% 

A l na.vs1.s o f variance o f roo t d rv we1.9: mi;,: . ht ( ) 

Harvest 2 I 3 4 5 /6 
I 

Source .f. m.s. F 1 m.s. F m.s. F m.s. F m.s •. F 
I 

Blocks 7 52&7 • 1037 ns I 1982 ns 2453 ns 1299 ns 

Light (L) 2 1468.2 •• h1525 ** 19295 ** 56483 •• 24729 •• 
Error (a) 14 1568 844 1160 952 530 
Nitrogen(N: 1 188.9 ns 1 ns 24 ns 1469 ns 239 ns 

LXN 2 179.4 ns 818 ns 1333 * 1137 ns 333 ns 

·. Error <•) 21 152.1 238 369 1609 414 
; 

fS 

I '• c.v. 17.8% 12.9% 12.00/4 18.8% 20.2% 
1· 



APPENDIX VIII (contd) 

A 1 na .ysis o f variance of leaf area cm 

I i 
I 

15 16 Harvest 2 I 3 I 4 
I 

I d.f. I 
I 

Source m.s. F m.s. F m.s. F I m.s. F m.s. F 
I 

i 
* I 211.iJS 

; ; 

Blocks 7 13()86 * 145643 ** 4942 ns 10488 ns 

Light (L) 2 23.544 * 93213 * 3502 ** 30426 ** 3389-1 • 
Error (a) 14 3,961 16JJ67 13.3 255t3 704,9 

Nitrogen (N) 1 0112 ns .083 ns 121.0 ** 25706 ** 346a;, •• 
LXN 2 12.637 • 1,894 ns 5,1 ns 24701 ns 747,3 ns 

Error (b) 21 2.859 10JJ0 33,,7 125,5 269B 

c.v. I 14.7% 116 .6% I 17.3% I 16.2% 19.4% 
I 

na ysis 0 variance o speci ic ea area cm g 

Harvest 2 I 3 4 -r 5 16 
I 

A 1 f f . f° 1 f ( 2;) 

Source jd.f. m.s. Fj m.s. F m.s. Fl qi. s. F /m.s. F 
85,6 

i 
j 22oB 283,5 Blocks 3 ns ' 528.3 ns. ns ns 521 ns 

Light (L) 2 6401i5 ** 3;2 2109 ** 58969 ** 9435:,9 ** 11082 •• 
Error (a) 6 10€:ii 226.5 151.0 202.,5 388 

Nitrogen (N) 1 .8 ns 1217.0 ns 5330 ns o1 ns 500 ns 

LXN 2 92.8 ns 84.5 ns 292.0 ns 51109 ns 343 ns 

Error (b) 9 234.7 I 281.8 18&5 336o 302 

c.v. I 7.4% ! . 804% 7 .. 0% 8.1% 9.o% 

A 1 na .ysis o f variance o f roo t : t t' op r a io 

Harvest 2 I 3 4 5 6 

Source I d. f. m.s. F m.s. F mos. F I m. s. Fjm.s. F 

Blocks 7 .03332 * .0459 ns .D4635 ns 1)0732 ns .0122 ns 

Light (L) 2 .26373 ** 1o4584 ** .88610 ** .,97606 •• 1,5167 ** 

Error (a) 14 .00947 .0372 .D2887 .00812 .0130 

Nitrogen (N) 1 .11900 ns .1082 * .78515 ** [;7729 ** .2049 •• 
LXN 2 .D3595 ns .1470 •• .11677 • .15478 •• .0216 ns 

Error (b) 21 .03723 , .0189 .02146 .01481 .0083 

c.v. I 15.5% 11.2% j 15.0% I 16. 4% 12.0% 



APPENDIX VIII (contd) 

2 Analysis of variance of lea f a rea ratio (cm /rz.) 

Harvest I 2 I 3 4 15 6 

Source I d.f. m.s. j 
F I m. s. F I m.s. F m. s. F m.s. F 

! 
Blocks 7 54.5 • 6~ ns 955 ns 44 ns 26 ns 

Light (L) 2 4782..3 ** 6203.5 ** 9585-1 •• 21289 •• 20461 ** 
Error (a) 14 152 56.9 846 42 31 

Nitrogen (N) 1 2005 ns 18~ • 3406.2 ** 2680 ** 21 ns 
LXN 2 122.4 ns 7&3 ns 15~9 ns 663 •• 1 ns 

Error (b) 21 64.9 25-7 43.9 96 33 
i 

c.v. I 8. 7°/4 I 5.6% 6.5% I 7.3% I 4.9% 

Analysis of variance of leaf we i gh t r at io (mit:/mg) 

I 
I 16 Harvest 2 3 4 5 

I 

Source I d.f. I m.s. Fi 
i 

m.s. F m.s. F m.s. I 
Flm.s . F 

i i I 
Blocks 7 D0132 * ~0169 ns D0270 ns D0083 ns D0081 ns 

Light (L) 2 D098? ** 4993 ** 1)4733 ** 1)9038 ** .13736 ** 

Error (a) 14 i)0034 ~0144 i)0219 i)0085 i)0098 

Nitrogen (N) 1 D0456 ns i)'l-258 ns 1)4705 ** D4909 ** 1)1942 •• 
LXN 2 • 00151 ns 1)0394 * i)0411 ns i)0800 • .r-0165 ns 

Error (b) 21 i)0148 D0069 i)0613 i)0174 i)0081 

c.v. I 8.6% I 5.8% 15.2% I 7.1% 4.9% 

A 1 na .YS1S 0 f vari ance o f 1 f ea b num er 
; 

i i 4 Is 16 Harvest 2 3 

Source ! d.f. m.s. F I m.s. F I m.s. F j m.s. Fjm.s. F I 

Blocks 3 ;/2 ns I 3i33 ns 3i32 ns '-.94 na I 3[:,0 ns 

Light (L) 2 .04 ns .17 ns 1.17 ns 4.,17 ns 3.17 ns 

' Error (a) 6 .43 1.47 .94 2.11 J39 
' Nitrogen (N) f;6 1 &38 f;6 i)4 1 0 ns ns * ns · ns 

- LXN 2 ..38 ns ii? ll5 2,[)0 ns .17 ns .17 ns 

Error (b) 9 I 
.25 1i)0 2,[)1 1.22 1.79 

c.v. I I 5.5% 8.3% / 11.6% 6.3% 7.7% 



APPENDIX VIII (contd) 

Analysis of variance of ne t assimilation r a te (mg/cm2/day) 

Harvest inter -:al I 1 I 2 I 3 1 4 /5 t ' 
Source I d. f. ! m.s. Fl m.s. Fj m.s. F j m.s. Fjm.s. F 

; 

' I 
.18838 ,01781 .03686 ,08947 Blocks I 7 ns .01257 ns ns ns ns 

Light (L) 2 J:>1582 • .44885 • .15305 ns .18515 • i50149 ** 

Error (a) 14 .10795 .11278 ,08680 .03701 1)4324 
Nitrogen (N) 1 .03218 ns .02128 ns .02816 ns 1)4114 ns .00064 ns 
LXN 2 .05648 ns .20065 ns .013616 ns .00567 ns i)6611 ns 

Error (b) 21 D3861 .07293 .02456 ,05668 ,.05437 ; 

' 145.3% 
I I 35.6% l l 73.?% c.v. I j 4 3. 00/4 60.7% 

I 

2 Analysis of varianc e of mean l eaf area ratio (cm /g) 

Harvest interval I 1 I 2 I 3 14 5 
, ! 

! 
Source I i Fl pl F I m.s. Fjm.s. F~ d.f • i m.s. m.s. m.s. 

i I 
I 

Blocks I 7 .00003 ns .00003 ns .00004 ns i)OOC4 ns !00002 ns 

Light (L) 2 .00137 ** .00553 ** .00758 •• .01478 •• .02094 ** 

Error (a) 14 .00002 .00003 .00005 .00004 .00003 

Nitrogen (N) 1 .Q0005 ns .00018 • .00068 ** .00301 •• .00065 •·• 
LXN 2 .00003 ns i.00003 ns .00002 ns .00006 ns .00013 ** . 
Error (b) 21 .00002 ,.00003 ,.00003 .00004 .00002 . 

c.v. I I 4.7% I 5. 7% I 6.0% I 5.5% I_ 3.8% :1 
I ! 

Analysis (mg/mg/day) ' of variance of relative ~rowth rate 

Harvest interval 1 I 2 I 3 4 5 

d.f.1 I Flm.s. 
' 

Source m.s. F m. s . F m.s. F m.s. Fl 

Blocks 7 .00137 ns .00016 ns [)0016 ns .00034 ns i:)0090 ns 

Light (L) 2 .00216 ns .00017 ns .00024 ns .00001 na .00088 ns 

Error (a) 14 .00096 .00102 .00073 .00042 .00038 

Nitrogen (N) 1 .00021 ns .00000 ns .00082 ns .00001 ns .00020 n~ 

LXN 2 ,00054 ns .00017 ns .00017 ns .00013 ns .00156 n1 
Error (b) 21 .00025 .00060 .00025 .00047 .00052 

I 

c.v. I j 43.3% 43.9% l 38.3% 48.8% 64.6% 



APPENDIX VIII 

Character NAR ill RGR 
2 (mg/cm /day) 2 (cm /mg) (mg/mg/day.) 

t ' I 

~ource d.f. I m.s. F m.s. F m.s • F 

Blo~ks 7 • 0422 ns .0001 ns .0003 ns 

TJj r-ht (L) 2 1.7366 ** .0428 ** ;,0012 * 

Error 14 .0253 .0000 .0002 

Nitrogen (N) 1 .0140 ns .0014 •• .0006 •• 

LX:r-' 2 .0192 * .0000 ns .0001 ns 

Err-or 21 .0050 .0000 .0000 

Harvest (H) 4 .6362 •• .0140 •• .0032 •• 

HXL 8 .0419 ns .0018 ** .0005 na 

RAN 4 .0273 ns .0007 ** .0001 ns 

HXN'CL 8 .0356 ns .0000 •• .0003 na 

Error 168 .0730 .0000 .0006 

c.v. 61.10% I, 4.06% 57.51% 

' i ! 



APPENDIX IX 

Means and standard errors of raw data 

Lach mean with standard error is from measurement of 8 blocks 

Treatment 

I Full daylight 52% daylight 429-b daylight 

Character Har,est Low nitrogen ;High nitrogen I Low nitrogen j High nitrogen / Low nitrogen !High nitrogen 

I i I 

I 

Total dry wei ght 1 base harvest : 86 .27 :t 4.56 
(mg) 

? 143.88 + 3.02 132.49 :t 3.61 115.90 + 3. 22 126.72 + 2.42 109.78 :t 2.81 122 .. 34 ! 2 •. 73 

3 249.22 + 6.06 244.41:: 5.94 210.95 + 6.14 219.93 :t 5.81 184 .. 12 ! 1+.,31 204.29 ! 3. 27 

4 350 .14 + 9.08 378.15 + 8.90 306.66 + 5.64 386.09 ! 7.42 270.84 !: 6.18 307.88 ! 8.88 -
"5 5 30 • 30 ~ 13. 1 4 592 .94 ! 8.27 498.13 ! 1+.21 555.61 + 9.16 437 .86 ! 1+ .. 55 475 .. 60 ! 9.53 

6 854.19 :;21.64 896 .19 + 27.49 635.43 ! "6.64 868 .10 + .03 570 .82 :t 11 .. 88 664.63 ! Q. 92 

Leaf dry ~eight(~g) 1 base harvest : 45.32 ! 1.55 
2 61.77 + 1.17 53.92;: 1.40 55.41 + 1/26 56.89 + 1.52 50 .20 ! 1.11 56 .67 ! 1.49 

3 91.42 ! 2.38 102~35 + 3.16 102.12 + 3.34 106.24 ! 3.23 91.64 ! 2.19 100.08 ! 1.36 

4 143.28 + 4.37 193~41 + 7.22 154.30 ! 3,.85 205.14 + 4.47 147.24 ! 3.37 178.65 ! 5 .10 

5 238.46 ! 6.54 330.63 + 5,11 289.91 ! -0.54 354.56 ! 7.29 280.32 + -0.08 314.56 ! 7.oz 

6 390.44 ! 11.02 449. 23 ! "6 .32 367.96 ! 8.58 560.35 ! 1;).64 367. 72 :t 11.28 442.64 + '8.06 

Root dry weight(mg) 1 base harvest : 40.95 ! 1.64 

?. 82.11 + 2.13 78.57 ! 2.28 60.48 ! 1.99 69.83 ! 1.28 59.58 ! 1.74 65.67 ~ 1.39 

I 5 157.80 ! 3.83 142.06 + 3.48 108.83 ! 3.05 113.69 ! 2.90 92.48 ! 2.25 104.22 ! 2.05 



• •· 
! 

i 

Root dry weight(mg) 14 

5 
6 

~ 

Total le a f a rea(c~j J 1 

Specific l ea~ c:.r e a 
(cm / gm) 

( mean i s from 
measurement of 
4 b locks) 

Root: to..- r&tio 

; 

2 

3 

4 

5 
,. 
.) 

1 

2 

3 

4 

5 
,. 
.) 

1 

2 

3 

4 

5 

6 

j 
I 

206.87 + 4.88 

260.71 ! 6.75 
463. 76 + 11. 92 

bas e harve st : 

11.00 + .21 

16.97 + .44 

23,/34 ! .73 
46.21 :t 1.27 
65.79 + 1.86 

base harvest : 

178.0 + 2.9 -
186.3 + 3.9 
166.9 + 8.1 
190.2 + 3.9 
154.6 + 15.1 

bas e h a rvest : 

1.334 :t .079 

1.735 + .058 
1.464 + .018 
1.124 + .011 -
1.201 + .021 -

APPENDIX IX ( contd) 

Means and standard errors of raw data 

I 
I i : ' 

184.74 ! 3.95 152.35 + 2.44 164.63 ! 3.29 '! 123.60 ! 3.47 129.23 + 4.03 
262.32 + 5.24 208.01 + 4.80 201.05 ! 3.73 157.54 ! 5.17 161.04 + 2.61 
446. 96 + 'E. 70 267.47 + 8.41 307.75 + 8.50 203.10 :.~,07 221.99 :t 8.14 

7.00 ::!; .02 
9.18 + .24 12.02 + .27 12.43 + .33 11.30 :t .25 13.00 + .34 

16.97 + .52 21 .95 + .72 21.39 + .65 19.88 + .47 20.69 + .28 
32.61 + 1.22 30.99 + .77 41.79 :!: • 91 30.95 + • 71 41.59 + 1.19 
60.24 + .93 67.35 ! 2.45 90.13 :t 1.85 71.51 + 2.57 78.61 + 1. 75 -
70.13 :!: 2.55 79.19 ! 1.85 110.67 + 3.88 83.36 :t 2.56 98.49 + 4.02 

169.3 :t 7.7 
170.0+ 1.4 217.2 + 5.9 218.9 + 4.o 224.2 :t 10.7 229.3 + 8.6 

165.2 + 6.6 215.2 :!; 7 .1 201.8 + 7.9 216.3 + 2.0 208.2 + 16.8 

169.4 ! 5.6 201.3 + 8.2 203.6 ! 2.5 210.0 + 4.3 233.4 :t 9.1 

183.3 :!: 5.2 227.1 + 12.8 245.6 + 9.6 256.0 :t 9.3 247.1 :t 6.3 

151.7 :t 10.2 215.8 ! 7.6 191.6 :t 7.6 225.9 j: 4.8 225.6 ! 9.0 

.908 :t .027 
1 • 454 ! . 016 1.076 ! .016 1.258 :t .028 1.177 + .013 1.174 + .018 - - . 

1.419 + .032 1.085 :t .021 1.091 ! .t,24 1.014 + .012 1.039 ! .012 

1.016 :! ,037 1.005 + .019 .881 + .010 .846 + .018 .724 j: .012 - -
• 799 ! ,.016 .743 ! .017 .578 ! .015 .571 ! .012 .516 ! .oo4 

1.018 + .017 .723 ! .010 ... .561 ! .008 .553 ! .008 .506 ! .006 



Net assimilation rate 
2 

( mg/cm / v..ay.) 

Mean leaf a r ea "'a tio 
2 

( cm /mg) 

Relative growth rate 

(mg/mg/day) 

Le a f weight ratio 

I 

-· -·------

1 

2 

3 
4 

5 

1 

2 

3 
4 

5 

1 

2 

• . 
./ 

4 

5 

1 

2 

3 
4 

5 

I 
! .7029 :!: . 0343 

.7559 :!: .0435 

.5056 + .0294 -

.5335 + .0525 

.5911 + .0504 

.0783 + .0006 

.0719 + .0005 

.0679 .:!: . 0004 

.0777 + .0004 

.0814 :!: .0005 

.0545 + .0025 

.0545 :!: .0033 

.0340 :!: .0020 

.0413 + .oo4o 

.0476 + .oo4o 

base harvest : 

.4318 ;t .0141 

.3666 ! .0075 

.4070 :t .0086 

.4477 ~ .0065 

APPENDIX IX (contd) 

Means and standard errors of raw data 

,, i ' I / 

11 

I I .6175 + .0335 .2713 + .0401 e3939 + .0317 .2504 :t .0394 I .3685 = ~o4o8 I - - l 
.8783 :!: .0360 .5757 + .0428 .5643 .:!: .0338 .4900 + .0203 .5054 ±" .0238 

I 
. 5627 + .0363 I .3965 + .0268 .4985 :!: .0230 .3458 + c0174 .3321 .:!: .0203 - I -
.4965 + .0238 I .3987 + .0220 .2967 + .0130 .3325 ! .0147 . 2960 + .0141 

.4444 + .0390 ,1929 + .0168 .2994 ! .0200 .1762 :!: .. 0183 .1943 ,:t .0147 

.0744 + .0005 .0940 + 00005 .0905 :! .0008 .0919 ;!: e0005 .0933 ! .0005 

.0694 + .0006 .1039 + .0006 .0971 + .0009 .1059 :t .0005 .1036 + .0006 

.0776 + .0012 .0999 + .0008 .1053 ! .0007 .1114 ! .0007 .1188 + .0007 

.0938 :!: .0008 .1179 + .0010 .1375 + .0009 .1390 + .0008 .1 507 + .0006 

.,0884 + .0006 .1 292 :!_- .0005 .1424 + .0008 .1540 :!: .0008 • 15 5 8 :t • 000 4 

.0453 :!: .0024 .0256 + .0038 .0360 :!: .0032 .0232 ::+: .0035 .0346 + .0038 

.061 6 + .0031 .0601 + .0045 .0543 ! .0034 .0521 :!: .0022 .0520 :!: .0023 

.0440 + .0032 .0388 + .0026 .0527 :!: .0027 .0386 + .0019 .0396 :!: .0024 

.0459 + .0021 .0471 + .0027 • 0411 + • 001 9 .0462 + .0022 .0446 + .0022 -

.0393 + .0035 .0248 + .0021 .0424 + .0028 .0274 :!: .0029 . 0304 :!: .0023 

.5264 :!: .1105 
.4084 + .0075 .4834 ;t .0112 .4467 ! .0158 .4601 + .0082 .4617 + .0106 

.4173 + .0157 .4821 + .0132 .4816 + .0147 .4975 ! .0084 .4913 ! .0083 

.5055 :!: .0261 .5011 + .0134 .5539 ! .0087 .5448 :t .0160 .~814 ! .0109 

.5584 :t .0143 .5769 ! .0165 .6366 ! .0155 I .6384 :t .0135 .6599 ~ . c )51 



Leaf weight ratiu 

Leaf number 

(mean is fr ·Jrn 
me a sureme ~t of 4 
blocks) 

Instantenous l~Pf 

area r a tio (cm
2
/b) 

' 

i 
6 ! 

1 
2 

3 
4 

5 
6 

1 

2 

3 
4 

5 
6 

.4565 :!: .01 20 

base harvest 

9.3 :!: .5 
11.8 + .3 
12.8 + .3 
18.0 + .8 

17.3 :!: .8 

base harvest 

76.87 +.88 
. 68.06 + .49 

67.75 :!: .51 
92.12 + .44 

75.51 :!: • 72 

APPENDIX IX (contd) 

Means and standard errors of raw data 

: .. I 

.4976 + .0134 I .5816 :!: .0095 
- i 

.6417 :!: .0094 j .'6449 :!: .0099 .6644 :!: .0070 

: 6.4 + .2 -
9.0 + .o 8. 8 + .5 9.3 :!: . 3 9.3 + .3 9.0 + .o 

-
12.8 + .9 12.0 + .4 12.0 + .6 12.0 + .4 12.0 + .6 

-
15.5 + 1.3 14.3 + .5 15.0 + .7 13.0 + .6 14.8 + .5 

18.0 + .o 17.8 + .9 18.3 :!: .9 ., 16.5 :!: .5 17.0 :!: .9 
-

17.5 + .9 18.0 + .4 17.8 + . 8 16.5 + .7 16.8 + .5 -

: 81.27 + 1.11 

69 .54 :!: .45 104. 85 + .86 97.62 :!: 1.22 103.6~ :!: .65 105.90 :!: .86 

96.21 :!: .83 103.63;: 1.00 96.97 :!: 1.05 1 07 • 9 3 :!: • 6 4 101.56 + .61 

85.24 + 1.56 100.63 :!: .95 108.80 + .62 114.53: 1.19 135.36 + • 90 

101.75 + .92 134.03 + 1.35 161.84 + 1.40 162.87 + 1.22 164.93 + .45 

77.69 :!: .74 125.17 :!: .72 126.74 :!: .65 146.22 + .79 147.85 :!: .55 

• ·-'-



Harvest 

NAR 

m 

R6R 

APPENDIX X 

Equations for the regression of NAR, ill and RGR 
on logarithm of the light intensity. 

interva l I Regression equation Coef. of correliion 

1 Y= .9567x - 1.2626 .9842 
2 = .8297x - .8432 .9996 

3 = .455ox - .3667 .9389 
4 = .5313x - .5500 .9967 
5 = .8753x - 1.2361 .9979 

1 Y= .1668 - .• 0450x .9765 
2 = . 2540 - • 9014x .9926 

3 == .2876 - .1076x .9986 
4 = .3862 - .1504x .9989 
5 = .4424 - .1789x .9996 

1 Y= - .2106 + .2164x - .0431x 2 

.2142 + .2878x - 2 2 = - .0758x 
.1704x - 2 3 = - .1055 + .o49ox 

4 .2124 + .2879x - 2 
= - .0799x 

5 .5469 + .6083x - 2 
= - .1566x 



r. 

' I 

II 

III 

APPENDIX XI 

A method used in the analysis of va riance of factorial 

design with two factors. e.g. Total dry weight (mg) 

Expt 5. 1 (I) • 

Analysis of variance t able 

Source of variation d.f. ss I ms F Result 
j 

Blocks 3 40419 13473 1 .19 n.s 

Treatments 3 1028818 342939 30.37 •• 
Nitrogen (N) 1 183310 183310 16.23 •• 
Daylength (D) 1 676988 676988 59.95 ** 
Interaction (N) x (D) 1 168520 168520 14.92 •• 
Error 9 I 101626 11292 

i 

Table of all items 

I 
Blocks 

1 
;t, 

I Day length Nitrogen 1 2 l 3 4 

Long Low 665.03 574.28 618.11 481.05 
High 944.98 960.69 1054.98 1055.53 

Short Low 363.11 572.17 375.08 203.44 
High 341.26 561.40 . t .,_ 278.91 / 367.50 

'fetal 2314.38 2668.04 I 2326.97 2107.52 
I 

Table of nitrogen x daylength 

' Nitrogen 
----

Day length Low ! High Total I 
I i 

Long I 2338.36 4015.68 6354.04 
Short 1513.80 1549.07 3062.87 
Total 3852.16 I 5564.75 9416.,91 

I 

I 



APPENDIX XI (contd) 

1. Correction: C = (9416.91) 2/16 = 5542387 
2. Total (665.03)

2
+ •••• +(367.50) 2-c = 1170863 

3. Treatments: (2338.36) 2+ •••• + (1549.07) 2/4 -C = 1028818 

4. Blocks (2314.38) 2+ •••• + (2107.52) 2/4 -C = 40419 

5. Nitrogen: (3852.16) 2+ (5564.75) 2/8 - C = 183310 

6. Daylength (6354.04) 2 + (3062.87) 2/8 - C = 6769.88 

7. 
8. 

IV 

Interaction: 1028818 - (183310 + 676988) = 168520 

Error: 1170863 - (1028818 + 40419) = 101626 

Least significant difference (LSD) 

Between nitrogen means. 

LSD = t /2(Ea)/~ 

where t = t value for d.f. for error 

Ea= mean sum error 

r- = no. of blocks 

q =no.of N. levels 

LSD= t /2(11292)/8 

LSD.552.262 x 53.13 = 120.18 

Between daylength means. 

LSD= t y2(Ea)/rp where p =no.of daylength leve: 

LSD= t ✓2(11292)/~ 

LSD. 05 = 2.262 x 53.13 = 120.18 

Interaction effects (N x D) 

LSD= t /2(Ea)/r 

= t ✓2(11292)/4 

LSD= 2 .262 x 75.14 = 169.97 
•05 

V Coefficient of variation (c.v.) 

Formula used is i/Ea 

x 
X 100% 

where Xis the mean of all the values in 
the analysis of variance. 



I 
I 
I 

APPENDIX XII 

Analysis of variance of leaf length and number of 

teeth per plant 

Character II Leaf length (cm) No. teeth/leaf 

Source !a.r. I m.s. F I m.s. ! 

Blocks 6 28.34 •• 102 
Leaf Position (P) 7 26.35 •• 1567 
Day length ( D) 1 1987.31 •• 21903 
Nitrogen (N) 1 76.62 ** 2572 
Interaction (P x D) 7 26.51 ** 1001 
Interaction (PX N) 7 8.99 ** 39 
Interaction (D X N) 

I 
1 43.92 ** 1277 

Interaction (PX D X ~)7 

I 
2.72 ns 45 

Error I 186 2.47 34 

a.v. II 14.9 I 41.8 

Analysis of variance of number of emerged leaves 

per plant 

D:ays after treat. 32 52 l 60 

Source I d.f.1 m.s. F m.s. F I m.s. 

Blocks 6 1.119 ns 3.453 ns 1.833 
Nitrogen (N) 1 .571 ns 7.001 • 6.036 
Day length ( D) 1 .143 ns 1.286 ns .036 
N X D 1 .571 ns .142 ns 2.892 
Error 18 .262 .976 1.071 

,. 

c,v. l 6.5 7.7 I 7.2 
I I 

F 

•• 
•• 
•• 
** 

** 

ns 

•• 
ns 

I 77 

F I m.s. 

ns 3.203 
• 14.286 

ns 89.287 
ns 9,142 

i 
2.266 

I 9.2 

F 

ns 

• 
** 

• 

I 



Character 

APPENDIX XII (contd) 

Analysis of variance of dry we ights, root: top r a tio 

and leaf area (28 days a f t er treatment) 

Total Le a f Root Root: Lea f 
dry wt . dry wt . dry wt . top ratio I a r ea 

Sourde I df m. s. F I m. s. Fl m. s . F I m.s. F j m-.s. 

Blocks 3 1283 ns 256 ns 456 ns .0165 ns 7.25 
Ni trogen ( N) 1 7 ns 302 ns 216 ns .0529 ns 12.16 
Day length ( D) 1 20622 • 7386 ** 3325 ns .6225 •• 92.30 
N x D 

Error 

c.v. 

Character 

Source 

Blocks 

Nitrogen 

Day l ength 

N X D 

Error 

c.v. 

Character 

Source 

Blocks 
( a ) 

1 11143 ns 3779 * 1943 ns . 2158 •• 51.37 

9 3889 61 7 1490 .0216 19.50 

24.3 24~'8 24 .6 9.0 26.0 
' 

Analysis of variance of dry weights and root: top r a tio 

(77 days after trea tment) 

To t al Leaf Root Root: 
dr y wt . dr y wt . dr . wt . top ratio 

df I I 

m.s. F m.s. F m. s . F I m.s. F 
I 

3 1347 ns 193 ns 5779 ns .0344 ns 

(N) 1 18331 ** 14416 ** 2349 ns .0287 ns 

( D) 1 67699 ** 65807 ** 134 ns 7.0490 •• 
1 16853 ** 14505 •• 879 ns .1509 ns 

9 1129 448 2392 .0648 

I 18 ~ 1 I 19 . 5 19 .9 I 21.8 

Analysis of variance of dry we ights, root: top r at io 

and leaf area (91 ¢ays after the trea tment) 

I 
I 

Total ' Le a f I Root Roo t: Leaf 
dry wt . dry. wt . dry wt . top r ati o area 

l 

I df I m.s. F I m. s . F m.s. Fl m.s. F m.s. 

6 172 ns 173 ns 3122 ns . 069 ns 416 
6167 ns 6613 ns 169 

F 

ns 
ns 

Nit rogen (N) 1 3315 *-,-* 2908 ** 14284 ** . 047 ns 10161 ** 
(a) 3845:5 •• 58655 * 2648 ** 

Day length ( ) 1 30295 ** 18f'99 ** 1096 ns 29 . 256 ** 35527 •• 
( a) 8601 • 35566 • 134 ns 

N x D 1 1218 ** 934 * 11 20 ns .ooo ns 1788 ns 
( a) 945 ns 74 ns 50 ns 

Error 18 61 16J 992 .105 406 
(a) 1739 5957 159 

C. V ., 
I 13.2 

i 
25 . 1 116. 6 24 .9 24 .9 

( a) 14.8 26.6 26.5 
I 

F 

ns 

ns 

ns 

ns 

(a) : figures in (a) rows are obt a ine d from ana l ysis of va riance of values 
derived fr om r adica l l e a ve s Rnd r oo t s only . 

~ 



APPENDIX XIII 

Means and standard errors of r aw da ta 

Each mean with standard error is from measurement of 7 blocks 

'rre a tmen ti 

I Long day Short day 
I 

Character I Low nitrogen j High nitrogen I Low nitrogen I High nitrogen 

' Leaf Len~th(cm) 

Leaf position 4 9.9 + .6 10.2 + .8 8.o + .5 7.7 + .3 - - - -
5 11.7 + .6 12.4 + .7 8.3 + .5 8.o + .2 - - - -
6 14, 1 + .5 14. o + 1.0 8.2 + .8 8.1 + .4 - - - -
7 15.4 + 1.1 16.5 + .8 7,9 + .8 8.o + .4 - - - -
8 13.4 + 1.3 16,4 + .6 7 .• 6 + .8 7,9 ± .6 - - -
9 12.6 + .8 16,4 + 1.7 6. 8 + .6 7.8 + .5 - - - -

10 11.9 + .9 15.6 + 1,0 6.7 + c6 7.2 + .4 - - - -
11 10.9 + .6 15 .0 + . 5 6.o + .4 7.2 + .3 - - -

'lo • of teeth/leaf 
' 

Leaf position 6 .1 + .2 4.4 + 4.3 0 + 0 1.1 + .6 - - -
7 2.4 + . 6 9.4 + 6.5 1.4 + .5 3.1 + 1.2 - - - -
8 21 .1 + 1.4 31 ,0 + 4.6 1.4 + .3 4.4 + 1.0 - - - -
9 27 .0 + 2.2 43 . 2 + 4,5 3.3 + .8 5.0 + .7 - - - -

10 30 . 0 + 1.4 43.4 + 2. 5 4.3 + .4 6,4 + 1.0 - - - -
11 28 . 0 + 1.5 44.4 + 3.0 4.9 + .8 6.4 + .8 - - - -
12 19.4 + 1.5 35.3 + 3.8 4. 6 + .7 6.6 + 1.0 - - - -
13 16.2 + 1.5 25.6 + 2. 8 4.6 + .7 7,3 + 1.0 - - - -

I 
~No . emeq~ed leaves! Eer Elant 

Days after trea itment 

0 base harvest : 4.18 + .14 -
32 7.57 + .37 8.14 + .26 7.71 + ,18 7.71 + .18 - - -
52 12.43 + ,43 13.57 + .37 12.14 + .59 13.00 + .49 - - - -
60 14~14 + .26 14,43 + .30 13.43 + .69 15.00 + .31 -

! 
- -

77 114.29 + .18 14.57 + ,30 I 16.71 + .75 19.29 + .87 
I - - - -- ' l 



APPENDIX XIII (contd) 

Means and standard errors of raw data 

Treatment 

Long day Short day 

• Character 1 Low nitrogen High nitrogen Low nitrogen High nitrogen 

I 
28 days after treatjment (Mean of 4 blocks) 

I 

Total dry wt(mg) 

Leaf dry wt, (mg) 

Root dry wt. (mg) 

Root: top ratio 

265,94 + 36,16 320.05 + 25.21 267.25 + 33.35 195.47 ! 84.55 

101.86 ~ 13.45 136,28 + 11.68 89.63 + 14,14 67.57 z 3q,j4 

164.08 + 23.36 178.77 + 14,41 157.29 ! 21 .07 127.90 ! 5.84 

1.615 + .085 1.268 + .054 1.777 + .085 1.895 ! .054 

Leaf area (cm2 ) 18,45 + 2.44 20 . 29 + 1,68 17,23 + 2,72 11.90 z 

I >· 

71 days after treatment (Mean of 4 blocks) 

Total dry wt . (mg) I 584,59+39,171)03.92 + 29 ,80 378,45 ! 75,50 387,27 ! 21,84 

Leaf dry wt . (mg) 

Root dry wt (mg) 

Root: top ratio 

355.32 + 25.55 735.59: 34.74 140.14 + 32.27 139.55 ! 30.80 

229.27 + 18.231268.33 110.12 

.648 + ,044 .369: .030 

91 days after treaiment 
I 

(Mean of 7 blocks) 

Total dry wt (mg) 

( 1 ) 

Leaf dry wt (mg) 

(2) 

Root dry wt (mg) 

Root : top ratio 

Leaf area (mg) 

(2) I 

~ 

2363 .08 ! 115.74 3f68.36 + "66.04 699.81 ! 64.91 970.95 + 75.67 

847.41 + 40.14 '045.05 + 68 , 67 699.81 + 64.91 970.95 + 75.~7 

603.69 + 44.46 923.01 + 79.53 

278.75 + 21.16 358.21 + 46.22 

568.66 + 46.701671.51 + 33.61 

210.72 + 21.36 299 .01 

210 .72 + 21.32 299.01 

489.09 

' 
+ 26.1.? ·, 

+ 26,17 
' 

•• 319 + .0321 .242 + 

+ 6.60 143.67 + 

.013 

12.38 

2.281 + 

89.59 34.33 + 3.48 56.45 

41.37 + 3.14 58.15 + 6.80 34.33 + 3.48 56.45 
- i ! 

+ 4.~4 

! 4.24 
.. , 

1) excluding weights from runners, lateral branches and inflorescence 

i 2) excluding weights or area from leave s of runners and lateral branches 



APPENDIX XIV 

Mean values with standard errors, number of plants 

(betwe en brackets)of th e flow ering time (f.t.), the 

developmental stage of the infloresc ence primordurim 

(i.p.) the numb er of flowers per inflorescence (f.i.) 

and the number of runners pe r plant (r.p.) 

Experiment No. Character I Low nitrogen High nitrogen 
I 

5.2 f.t. 91.2 + 1.0 (10) 95,4 + .7 (8) - -
5.1 (II) f.t. 83.0 + 1.5 ( ?) 80,7 + 1.5 (?) - -
5.2 i.p. (25 days) 2.4 + .5 ( ~) 1.6 + .3 (8) - -

(26 da.ys) 3,4 + .3 ( 8) 3.2 + .4 (8) - -
( 27 days) 3,4 + .3 ( 8) 3.5 + .3 (8) - -
(29 days) 4.9 + .3 ( 8) 4.9 + .3 (8) - -

5 .1 ( I) f.i. 22.1 + 1.4 ( 7) 23.6 + .8 (7) - -
5.2 f,i. 41 .6 + 1.5 (10) 41.0 + 1 • 1 (8) - -
5.1 (II) f.i. 29 . 7 + .9 ( 7) 29.1 + 1,7 (7) - -
5.1 (I) r.p. 4 + 0 ( 7) 3,9. +. .? (?) - -
5.2 r.p. 5.5 + .4 ( 10) 5.8 + .6 (8) - -
5.1 ( II) r.p. 3.7 + .3 ( 7) 4.3 + .2 (7) -

19.9 + .6 ( 27) 21.1 + .6 (27) - -



(a) 

(b) 

(c) 

( d) 

APPENDIX XV 

Analysis of varianc e of flo werin g time , numbe r of 
flowers per flor escenc e and numb er of runners per plant 
in (a) Expt. 5.1 (II). Expt.5.2 (b) Expt. 5.1. (I) and 
(c) Expt. 5.2. and inflorescence dev elopment in (d). 

j Flowering I No. 
• I 

time flowers/inf. ! 
I 

I m. s. i r 
Source !df F m.s. F i 

I 

Blocks 6 11.619 ns 11.571 ns 

Treatment 1 18.286 ns 1.143 ns 
' i 

Error i6 18.952 i 13.476 i 
' I 

I I 
I I 

c.v. 5.3 I 12.5 I ! ' ' 

No. flow ers/inf.I No. runners/pt 

I df ! ' I Source m.s. F I m.s. F 
. 

Blocks 6 7.119 ns • 238 ns 

Treatment 1 7.143 ns I .077 ns 

Error 6 9.643 I . 238 

I I 11.6 c.v. ' 12.4 ' 

I I Flowering No .flowers/inf. I ! time 
; 

Source i I F I m.s. F I ! df , m.s. 
! I 

: ! 
Blocks 7 I 11.14 •* 16.54 ns : 

' I 
Treatment 1 I 110.25 ** 12.25 ns 

Error 7 
I .68 9.39 i 

j 
t I 

! c.v. I 8.9 I 7.3 i 
I ! I ! 

I ' I Days I 25 26 27 I 

I df I ! 

Source m.s. F I m.s. F I m.s. F 
: i 

' I 

Blocks 7 
i 1.14 I 1.29 1.28 ns ns ns 

Treatment 1 2.25 ns .25 ns .07 ns 

Error 7 1. 11 0.82 .42 
11: 

I I 
r 

i 

' I 49.8 c.v. 
' I 52.7 ! 27.9 
I 

No. runners/pl 1 

m.a. F 

.333 ns 

1.143 ns 

.476 , 

17.3 

No.runners/ij't 

m.s. F I 
I 

.960 ns 

.250 ns 

2.960 

30.6 

I 29 
' 
I m.s. F 

.54 ns 

0 ns 

I .86 I 
I 

I 
I 

50.2 




