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INTRODUCTION

Eryngium vesiculosum Labill. is a plant commonly

found in sandy coastal flat in New Zealand. Some
preliminary observations (pers comm. Veale) had suggested
that flowering in this species might be controlled by the
external environment especially with respect to dayleongth. -
Normally the mature plant has oblong and dissected leaves
but in the shade the leaves tend to have less dissection
and this change in leaf form serves as a useful feature
for morphological investigations. finother interesting
feature of the planf is that it produces runners like the
strawberry plant. The plant also produces daughter plants
on the runners and lateral branches. The production of
these organs, which enables a large family cof homogenous
plants to be raised rapidly by vegetative propagaticn is
another feature which would make this plant useful
experimental material. The object of this study is to
obtain some information on the effects of light intensity,
daylength and nitrogen on flowering, leaf morphology and

anatomy and plant growth.

Much work has been carried out on the effects of the
three external factors used 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 includes other plant species thus making it more
voluminous than otherwise would be. For obvious reasons
the review has been limited to present only the salient
responses of some plant species to light intensity, day-

length and nitrogen.



CHAPTER I. REVIEW OF LITERATURE

§ R PLANT RESPONSES TO LIGHT INTENSITY

Plants grown in different light intensities show character-
istic and well known differences in growth and development. One
of the first experiments on light intensity effects on plants was
carried out by Iubimenko (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 (1920), Popp (1920) and Shirley (1929)
were in general agreement that under shading, plants were reduced

in their growth.

A congiderably detailed investigation of the effects cf
light intensity on the vegetative growth cf 22 herbaceous species
has been conducted by Blackman and his followers (Blackman sn
Rautter, 1948; Blackman and Wilson, 195la, bj; Blackman, Black and
Kemp, 1955; Blackman and Black, 19593 Blackman, 1961). The
growth affected by light intensity was evaluated in terms of
relative growth rate and other attributes of classical growth
analysis. They observed that changes in leaf area ratio and net
assimilation rates over the range of 0.1 to 1.0 (full) sunlight
were linearly related to the logarithm of the light intensity.

The relative growth rate which is the product of leaf area ratio
and net assimilation rate 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 (Braessica napus), sunflower (Helianthus anmius) and maize

(Zeas maxs). Further, he found the leaf area ratic to decrease

and relative growth rate to increase with radiation.

In the discussion of the effect cof external factors on
growth attributes, the effect of plant age needs to be considered.
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 that where seasonal
trends were observed these can be attributed to seasonal variations
in climatic factors, rather than to plant age. The introduction
of controlled environment opportunity which eliminates the effect
of fluctuating external envirommental factors enables investigators
to examine more critically than before the effect of age on growth
parameters. Throne (1960, 1961) found that relative growth rate,
net assimilation rate and leaf area ratio of sugar beet, potato and
barley to drift with time in growth rooms. Eagles (1969) working

on two natural populations of Dactylis glomerata in controlled

environments, found relative growth rate to decline with age.
The net assimilation rate of wheat, on a leaf area 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 leaves than those pro-
duced in the shade. This conclusion has becn reached by many

investigators, including Penfound (1931) for Polygonium and
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unwatered Helianthus, Blackmen (1934) for tomato, Cormack and Gorham

(1953, 1955) for Menziesia glabella, Lonicera glaucescens and Vicia

americana and Newton (1963) for Cucumis satiwvus. In contrast

Milthorpe (1943) observed that leaf 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 leaves,

The influence of light intensity on leaf shape has been
studied by many investigators. Njoku (1956) found that Iporoea
caerulsa plants already forming lobed leaves reverted to the pro-
duction of entire leaves when transferred to deep shade. The
length:breadth ratio is often used in the study of leaf ghape.
Bensink (1960) found that length:bresdth ratio of lettuce decreased
with an increase in light intensity. This finding agrees with

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

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

at high light intensity for several specics including Vicia americana

Cormack (1955), wheat (Frignd and Pomeroy, 19?0) and Lolium

(Wilson and Cooper, 1969).

Recent work on the effect of environmental conditions on
leaf size had placed importance on cell number and cell size as
two attributes in determining the ultimate size of the leaf,

Humphries and Whecler (1960) working with Phaseolus vulgeris leaf

disks noticed that light increased cell 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
division. The conclusion was confirmed by Bulter (1963) on troad
bean seedlings. In contrast Friend and Pomeroy (1970) found that
high light intensity decreased epidermal cell length and number in
the spring variety Marquis and winter variety Kharkov wheat. The
effect of light intensity on mesophyll cells was simila» to that on
the epidermal cells., The upper and lower epidermal cell size of

Menziesia glabella and Lonicera glaucescens are also reported to

be increased with decreased light intensity (Cormack and Gorham,

1953).

Cormack and Gorham (1953) elso studied the effect of light
intensity on stomatal frequency. They found that stomata were
more numerous per unit area in sun leaves than in shade leaves.
This result is in agreement with the work of Cooper and Qualls (1967)
on lucerne and birdsfoot trefoil, of Friend and Pomercy (1970) on
two varieties of wheat and of Bjorkman and Holmgren (1963) on

Scolidago virgaurea but is in contrast with the data of Penfound

(1931) on Helianthus, of Cormack (1953) on Vicia smericena and of

Wilson and Cooper (1969) on Lolium.

Besides affecting stomatal frequency, shading also affects
stomatal size. Leaves of Lolium grown in weaker light had much
smaller stomata than those grown in stronger light (Wilson and

Cooper, 1969). The work of Cameron (1969) on Fucalyptis fastigata

showed that the abaxial surface of juvenile leaves of plants in
40% sunlight possessed smaller stomata than juvenile leaves from

plants grown in full sunlight while intermediate leaves possessed



largest stomata when shaded to 40% sunlight.

Literature on the effect of shading on chlorophyll content

is limited and contradictory. Shade leaves of species E. fastigata

(Cameron, 1969) lucerne and birdsfoot trefoil (Cooper and Qualls,
1967) contained significantly less chlorophyll per unit leaf area
than sun leaves., On a unit leaf weight basis however, shade leaves
had more chlorophyll (Cooper and Qualls, 1967). By contrast,

Evans and Hughes (1961) found that the amount of chlorophyll per
unit leaf area was roughly the same for all levels of shading,
although the content on a dry weight or fresh weight basis showed

a systematic increase with shading.

It is important to appreciate that light intensity may not
be solely responsible for morphological and anatomical changes.
Other factors are involved and are reviewed by Shields (1950).
The effect of light intensity is often highly correlated with
temperature, For example leaf size and shape are often affected by

temperature, Fricnd rt al, (1962) growing Marquis spring wheat in

sand culture at differcnt temperatures found that the greatest area
of individual leaves was formed at 20°C. The effect of temperature
on leaf shape have been observed by several investigators.

Schwabe (1957) found that Chrysanthemum leaves were much more di-
sected at lTOC than at 2700. The work of Fisher (1960) on Ranun-

culus hirtus showed that although light intensity had no effect on

leaf shape, temperature had a pronounced effect. Leaves produced
at 20°C were of the undivided form whereas 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).

l.2. PLANT RESPONSES TO PHOTOPERIOD

The great variety of plant procesgses 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 known to be affected
by daylength, Breaking of dormancy in seeds and buds, rooting of
leafy cuttings, vegetative development, flowering and senescence

are in many cases regulated by light duration.

Literature concerning the photoperiodic control of flowering
has become voluminous, and excellent reviews 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 flower until they
have passed a certain developmental stage have been recorded.

Klebs (1913) established the term "ripeness to flower" to describe
the apparent necessity for plants to produce a number of leaves
before they are capable of flowering. Purvis (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, 19523 Leopold

and Guernsey, 1953; Holdsworth, 1956).
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The control of flowering by daylength was discovered by
Gerner and Allard (1920). They were able actually to control
flowering in some species and quantitatively to hasten or delay it
in others. They grouped the photoperiodic responses of plants
into three clasces: 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 guantitatively 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 influence may be due to the quantity of light being
supplied. Influences of guantity of light on flowering is shown

by Heupt (1958) on peas.

A large amount of work has becn 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 becn found to be influenced by photopericd.
Th.Fries (1918) comparing fresh and dry weight, leaf number etc.
of several species grown in continuous daylight with those of 12
hour day under arctic 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 growth of Kalanchoe ktlossfieldiana, Xanthium

pennsylvanicum, Hyoscyamus niger and Beta wvulgeris. The effect of
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photoperiod on growth may be complicated by the fact that top and
root growth may have different responses to daylength. There was

no difference in the total growth of Bromus inermis in 1% and 18

hour daylengths, but top growth exceeded root growth in long days,
while it was less than root growth in short days (Gell, 1947).

In Festuce arundinacea photoperiod had no net effect on growth

because greater tillering and better root growth under short days
offset the better leaf growth under long days (Templeton, Mott and

Bula, 1961).

The size and shape of the leaf may be influenced by daylength.
Generally the largest leaf area was attained by a long day plant
under short day conditions (Bunning, 1956). Conversely short day
plants sometimes produced largest leaves under long days (Bunning,
19563 Schwabe, 1957). However, Borthwick, Parker and Scully

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

that leaf area increasecd more in long than in short days. Banga
(1952) also found that in long days the long day plant , red beet
formed largest leaves. It appears there is no definite trend

about photoperiod and leaf 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 length
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 meny pdants the normal
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course of ontogeny was carried out even under constant lighting
conditions. A few examples of daylength effect on leaf shape are

cited herc. Leaves of Sesamm orientale which normally were entire

marginal and simple on 10 and 11 hour photoperiod, were compound on
15 and 16 hour photoperiod.(Sen Gupta and Payne, 1947). Binet
(1958) found in Ulex europacus that short days increased the for-
mation of trifoliate leaves while long days favoured the production

of gimple leaves. Leaf shape in Chrysenthemum, Kalanchie and

lpamoeg were reported to be regulated by photoperiod (Ashby, 1950;
Schwabe, 1956). The increased carbohydrate production under
longer days might well be responsible for the changes in leaf
shape rather than the length of day as such. The effect of
increasing carbohydrates and daylength were not partitioncdin these

exanples,

1.3, PLANT RESPONSES TO NITROGEN

The lack of nitrogen will seriously hamper the growth of
plant organs, through a reduction of protein synthesis and the con-
sequent restriction of meristematic activity is obvious. Conversely
an ample supply of nitrogen would favour protein synthesis and
thus increase 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 depressed 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 to an increase, There is contradictory evidence on

the response of net assimilation rate on nitrogen treatment.
Gregory and Baptiste (1936) reported that up to the time of maximum
leaf area, net assimilation rate was independent of nitrogen
supply for barley. However when leafl area was decreasing from

its maximum, the net assimilation rate of nitrogen deficient plants
was less than that of plants supplied with complete mutrient
(Mather, 1933). Gregory and Baptiste (1936) attributed this
observation to the presence of a large number of senescent leaves
in plants under nitrogen deficiency than in plants under complete
mutrient, By contrast Ballard and Petrie (1936) observed that

the Net assimilation rate can be increased by nitrogen treatment.

William (1946) on Phalaris tuberosum found that net assimilation

rate was not affected by nitrogen supply in the early stages of
growth but increased significantly later even when leaf weight and
area were still increasing. Watson (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 that 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 ratio was done by Turner (1922) who

found that increasing nitrate concentration favoured a high
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shocte:root ratio for barley. This was confirmed by several inves=-
tigators including Reid (1924, 1929 a,b), Weisman (1950) Curtis and
Clarke (1950), and Siderie and Young (1950) who found that when
nitrogen was low therc was a decrease in shoot growth and an

increase in root growth thus resulting in a low shoot:root ratio.

It is recognised that leaf form could be affected by the
nitrogen supply. Arney (1952) found epidermal cells in Kale were
about 10 percent larger in high nitrogen plants, but leaf size in=
creased more than this. Morton and Watson (1948) confirmed this
finding. Njoku (1957) studying the effect of mineral nutrition
on leaf shape in Ipomoea caerulea found that nitrogen supply had
the greatest effect, on a nodal basis, on leaf shape. The leaves
of plants from a high nitrogen supply were less decply lcbed than

those of the control plants.

The structural features of the leaf such as stomatal fre-
quency, leaf thickness, cell number, cell size and chlorophyll
content may be affected by nitrogen treatment, In potato leaves,
nitrogen has no effect on cell size, but increased the cell number
(Humphries and French, 1962), Nitrogen is essential in the
structure of the protochlorophyll and chlorophyll molecules,. It
is well known that nitrogenous fertilisers produce remarkably green
leaves, while a deficiency of nitrogen makes them yellow. Raper
(1966) working with tobacco plants in the field found that plants
grown under nitrogen stress not serious enough to cause acute
defioiency were slightly yellow indicating a reduction in chloro-

phyll content. Greig, Motes and Al-Tikriti (1968) also reported
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that increased nitrogen supply enhanced the chlorophyll content in

the spinach plant.

During the early 1900'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 long photopericd, it has been found that
the macroscopic flower buds of long day plants often appear earlier
in low nitrogen than in high nitrogen supply. This situation is
examplified in long day plants, such as spinach (Knott, 1940) and
mastard (El, Hinnawy, 1956). Conversely, certain short day plants
such as Xanthium (Neidle, 1939) and soybean (Scully, Parker and
Borthwick, 1945) in a short photoperiocd favourable for flowering
and defisient in nitrogen tend to develop macroscopic flower buds
later than high nitrogen plants., In generzl an abundant supply
of nitrogen appears to hasten flowering-in short day plants and
delay flowering in long day plants, There appears to be an impor-
tant interaction of photoperiod and nitrogen on flowering, as shown
by the work of Blake and Harris (1960). They reported that low
nitrogen supply delayed flower initiation in carnation only in
photoperiods unfavourable to flowering, namely short days. The
effect of nitrogen on inflorescence initiation in grasses has also
becn 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 ox
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both. Leopold (1951) stated that nitrogen had very little or no

influence on floral initiation.
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CHAPTER II THE PLANT
241 ' SOURCE

The plant Eryngium vesiculosum Labill.was grown from

seeds harvested from clonal material maintained by Professor J.A.
Veale, Department of Horticulture, Massey University,
Palmerston North, New Zealand and originating from samples

collected at Birdlings Flat, Canterbury.

2.2 THE PLANT

The plant has been described by a few investigators
including Allen (1961). It is a small tufted perrenial herdb
belonging to the Umbelliferae. Diagram 2.1 shows the mature
plant with its roots, leaves, runner, lateral branches and

inflorescences.

2.2:17 The Root

The plant has a short rootstock and a number of long
stout lateral roots (Plate Ia) 0ld roots are replaced by new ones
as shown in Plate Ib. The roots are thickish (0.5cm.) end

whitish in colour, turning to brown and black as they age.

2.2.2 The Leaf

L

The plant has numerous radical leaves arranged in a rosette
on the crown and these are varied in size and shape. Varations
occur between successive leaves within a single plant (Plate II),.
Variation of this kind, where the juvenile and adult forms of
leaves are gtrikingly different, is referred to as heteroblastic

development.



d.p. = daughter plant
= inflorescence
I.b. = lateral branch
r. = runner

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

Diagram 2.1. The plant Eryngium vesiculosum Labill. X




(a)

e

Plate II,

Plat.Ia and b. (a) Root
system showing the long
stout laterial roots.
X.75 (b) 01d root (o)
with new root (n)
initiated beside it,
X1.25

A,

3 4. 548 7 & 9 10 1

Successive leaves within a single plant showing

variation in leaf shape. X;5O
represents the latest leaf/

/Highest number
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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 are spinous and about
Smm. long. Plants growing in intense shade have the juvenile
form of leaves (1-5, Plate II). The length of the leaves which
narrows into a petiole extends from 4 - 15em.. A1l have hollow

midribs and are of a distinctive bluish green colour,

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

and has less teeth than the adult radical leaves (Plate III).

2+2¢3 The Runner

As far as the author is aware the plant only produces
runners after flower initiation, although some plants have been

observed to produce runners without flow ring «<ventunting .
(per comm, Venle,)

The runners 2 to 8 per plant are prostrate rooting at
the nodes and reaching up to 60 c¢m. in length. A pair of
leaves and a inflorescence are located at each node (Plate III)
although sometimes the inflorescence at the node is abortive.

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

2.2.4 The Inflorescence

The flowering axis is short and leafless arising from
the central rosette and from the nodes of the runners. Each
flowerin: axis terminates 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 leaves
at node of runner.

J|||H||i|i\IJIJ||III|JIH|Hlill%li“ll)!lll“lll]ﬂ Note root initials
' i cm

at the node

Plate IV

A daughter plant
with roots formed
at the node of
runner X1-0

Plate V

A hemispherical umbe
on a short flowering
axis. X1.25
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20 to 40 flowerg, No further leaves are produced on the central

axis after the inflorescencs is initiated and flowering is

observed in natural habitat from November ts February.

2¢2.5 The Flower

y

Lach flower is subtended ty a lancnolate and spinous
bract abeut 1.2 cm. long which is often lenger than the flower

and with hyallne wing foruing & shewihing base (I'late VI).

The flower is actinomorphic with the calyx of five sepa

adnate to the cvary. The sepals are 2rect aané¢ ovate with narrow

hyaline wingeca margins while the corella of five setals is apically

inflexed. The petals which ar:» waits and about tie length =f

the sepals have a keel projectin

o luwards ana with margins

protruding from between the sepals.

The five stamens which zlternate with the petals arise

from an epigynous disk which forms two lobed semicircular cushions

surrounding the bases of the two filamentous styles. The anthers

are two celled, dorifixed and hehiscing longitudinally while the

stigmatic tip of each stiyle is rounded (Plate VIb). Th= ovary

is inferior and covered with over™ _ppiang vesicular scrles as

illustrated in Plate VI.

2.2:.6 Tao Fruit

The fruit is a schizocarp compounded of two mericarps
coherent and dehiscing by their commissure. Each fruit is
oval with the persistant sepals, petals and styles at one end

(Plate VIIa). The seed when mature has a dark broun tasta
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Plate

(a)

(b)

1 J Lo LS )Y ora t
No tamens and Lyl
An older flower with 3 1tu
nmttmAad =sad e =3 L% T T e
rounaea ana most ol LNe stamens
St mature earlier 171

VII (a) X90 (b)

A schizocarp compound fruit with

The Calyx, corolla and styles are

m

Two mericerps dehise at their comr

scales on it.

end.
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dovered with vesicular scales (Plate VIIb). Seeds did not
show good germination just after collection but observed to do

so after having been retained for a period of possible maturation.

2.3 VEGETATIVE PROPAGATION

The runner grows horizontally along the ground and
forms a new plant at each node, The daughter plant at each node
takes root but remains attached to the mother plant for some
time. The connecting runner dies eventually and each daughter
plant becomes an independent unit. The daughter plants which

have rooted are dug and then transplanted.

Another method of vegetative propagation is be means of

lateral branches. At the base of the main stem of the parent
plant lateral branches or offsets may develop. These offsets are
removed by cutting them close to the main stem. If the offset

is rooted it can be potted as is done with any rooted cutting.
If insufficient roots are present, the offset is placed in a

suitable rooting medium and treated as a leaf stem cutting.
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CHAPTER III CULTURAL ENVIRONMENT AND METHODS

3.1 CULTURAL ENVIRONMENT

%3.1.1 The Glasshouse

All the experiments were conducted in a 12' x 18' Hartley
glasshouse orientated in an east-west direction at the Plant

Physiology Livision, D.S.I.R2., Palmerston North, New Zealand.

The glasshouse is equipped with thermostotically controlled
vents, heaters and cooling systen. This allews temperature to be

controlled within about + 3°C of the desired mean value.

3.1.2 The Temperature

In all the experiments the plants were maintained at an
average day temperature of 25° #* 3¢ and an average night tempera-
ture of 15° + 3°C, Mean temperatures during the experimental

periods are shown in Appendix TI.

3.1.3 The Li%ht Energy

The light energy data have been prepared froem the records
of the Plant Physiology Division Meteorological Station over the
experimental period, the station being situated zpproximately 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 radiation outside multiplied by the
appropriate transmission factor of the glass. Table of the
solar energy for the variocus experimental pericds is shown in

Appendix I.
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3.1.4 The Daylength
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 approximately 80 f.c. at plant level given from 4 a.m.

to sunrise and sunset to 8 p.m. The short daylength was
achieved by lowering the plants after 8 hours of daylight into a
bay and covering it with a black light proof curtain, The
difference in temperature in the long day and short day treatments

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

Fe 1D The Shadings

There are three levels of shading.

Shading I is the light intensity obtained in the glass-
house, Measurements (see Appendix ITa) indicated that the light
in the glasshouse was about 77% of full daylight. Tor
convenience in this investigation this level is referred to as
'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 transmission levels of the two materials for Shadings
2 and 3 were measured by two methods, EEL lightmaster with a
self contained galvanometer calibrated in f.c. was used to prcvide
a relationship with photometric units, while a Eppley pyrhelio-
meter calibrated in cal/cm®/day provided z relationship with

energy units,

Using the EEL Lightmaster, measurements were made at
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different times during the day. A check reading was taken with
the recording head exposed to "full" daylight and after pushing
the recording head carefully under the material at the level of
the plant leaves a second reading was taken. The readings are

shown in Appendix IIb.

Readings recorded by the Eppley pyrheliometer at plant

leaf level over one day is presented in Appendix IIb.

Comparison between readings of the EEL Lightmaster and
the Eppley pyrheliometer showed that transmission in Shadings 2
and 3 determined by the twoc methods did not differ much. The
transmission in the Shalings 2 and 3 based on the EEL Light-~
master was 52.7% and 42,8% respectively. Based on the Eppley

pyrheliometer the corresponding figure was 51.0% and b42,1%.

The means of the readings from both methods were taken to
be a good estimate of the transmission in Shadings 2 and 3, which

were 51.9% and 42.4% respectively.

For use in this study, these figures were rounded off and
referred to as 52% =and 429 and the logarithmconversion were

based on these latter figures.

Temperature variations in the shade were determined by
measuring the soil temperature at different times of the day
over a few days. At no time did the temperature vary more than
30C in the different shadings (see Appendix III). This level of
variation was not considered an important source of error in

these investigations.
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3.2 CULTURAL METHODS

3.241 Growing of the Plant

The seeds were sown in seed boxes in 3:i1 peat and
sand mixture respectively. After about 10 weeks when the
seedlings attained 4-5 emerged leaves they were transplanted
to 3-inch P.V.C. square pots containing well washed river
sand. After about a fortnight in the propagating house the
plants were assigned to treatments. They were matched into
groups visually, the number depending on the experiment and
each group was assigned to its treatment. Plants that were
not used immediately were maintained in a vegetative state

by keeping them in & hour <daylength.

5.2.2 Nutrient

Nutrient used in all the experiments was the nitrate-
type nutrient solution described by Hewitt (1966) with a few
modifications. The high nitrogen nutrient solution contain-
ing 250 ppm N was obtained by the zddition of LﬂqJOB to
Hewitt's nutrient solution. Calcium was supplied by CaCl2
instead of Ga(NOB)Z. The low nitrogen nutrient solution
containing 57 ppm N was achieved by replacing Ca(NO,), with

F2
CaCla. In both solutions iron chelate was used instead of
iron citrate. Because of the large volumes required,
solutions were made 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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5.2.3 fatering
The plants were watered on alternate days with their
respective nutrient solutions. Enough solution was used
to allow a small loss to drainage. Water alone was
applied on other days when necessary to provide adequate
moisture for the plants. Once a week water alone was used

to leach accumulated salts.



27

CHAPTER IV. = EFFECTS OF LIGHT INTENSITY AND
NITROGEN ON E. VESICULOSUM.

4el. ANATOMY AND MORPHOLOGY

4,1,1. Experimental Design

The experiment was designed to study the effects of different
light intensity and nitrogen 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 treatments which were
low (57 ppm N) and high (250 ppm N) were randomised within the

main plots. Each subplot was a single pot-plant.

Four blocks were allocated for the determination of cell
size, cell number, chlorophyll content and stomatal characteristics.

The other four blocks were used for the determination of leaf shape,

4+.1e2. BExperimental Methods

Jedadal; Determination of Total Cell MNumber

The determination of cell numbers was by a maceration tech-
nique based on that developed by Brown & Rickless (1949). Samples
for cell number determination consisted of two discs cut out of the
fully expanded leaves with a known diameter cork borer. A11
samples were taken from leaves of corresponding age, i.e. leaf
number 10. The discs were immersed in 4 ml. of 5% W/V solution
of chromic acid and left overnight at 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 Puchs Rosenthal haemocytcmeter with a griddled area
of 9 mm.2 and a depth of 0.2 mm., giving a volume of 1.8 mm.3. The
means of four aliquots of each suspension was used to calculate
the total number of cells in the original solution. The suspension
wzs shaken before each aliquot was tazken by a2 pipette. The result
was expressed as total number of cells per unit leaf area ( /hm.z).
Total number of cells used in this text is defined as total number

of epidermal and mesophyll cells.

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

The epidermal strips were preparced from fully expanded
leaves of similar age. The lezves were blanched in boiling water
for about 30 seconds and this treatment softened the tissues so
that the epidermis could be pecled off with fine forceps. The
adoxial cpidermis was used because it was easier to peel than the

abaxial.

The epidermal pecls were washed in distilled water, stained
in Harris haemotoxylin for 20 minutes, blued with tap water, washed
with distilled water, dehydrated with 70%, $5%, 100% ethyl alcohol,
cleared and mounted in Xam. The prepared slides were used for the
determinations of cell size, stomatal sgize and frequency. For

each plant one cpidermal strip was prepared.

4.1.2,3. Determination of Epidermal Cell Size

Determination of cell size was made from measurements of
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epidermal cells using the prepared slides.

Three randomly sempled fields (avoiding the mein vein) from
each slide werec photographed at X400. Photographs were used to
estimate the cell area, Cell area was determined
by measuring the area of groups of four cells by planimetex, The
nean of three readings were taken in each case. Five groups of
four cells were determined for each sample. Cell area was calcu-
lated knowing the megnification of the photographs, In all cases
stomata were excluded in the measurcments. The areca was measured

: . 2
in sguare microns (U. )t

dile2eda Determinotion of Stomatal Freguency

Stematal frequency was determined from the prepared slides

of the epidermal strips.

Frequency counts were made with an X9 eyepiece and X45
objective giving a round field area of O.O38mm2. Six randomly
sampled fields per slide were counted. In all cases the main vein
was avoided. Any incomplete stoma . in the field was counted as
a whole stoma. The result was expressc¢d in number of stomata per

2
Mt

4ele265a Determination of Stomatal Size

Stomatal length and breadth were determined from the pre-

pared slides of the epidermal strips.

Ten stomata were measured at random using a microscope

fitted with an ocular micrometer, Measurcment was in microns (u).
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4s1:246, Determination of Chloro 11 Content
Since chlorophyll in detached leaves degrades gquite rapidly
when . exposed to light at normal room temperature (Bray, 1960)
plants in their pots were taken into the laboratory from the glass-
house. The leaves were left intact on the plants until required

for determination.

Samples of chlorophyll determination consisted of four discs
cut with a known diameter 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 weight of the discs was determined by weighing.

Chlorophyll from the samples was extracted by blending the
discs in a MSE homogeniser for 8 mimutes in 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 10ml.. The
extract was centrifuged for about five minutes in a BTL Bench
Centrifuge run at approximately 3000 r.p.m. In all cases 8 min-
utes was sufficient tc blend the leaf discs and 5 minutes was
adequate to clear the supernatant. A 10 mm, cell was filled with
the supernatant and the optical density determined at wavelengths

645 mu and 663 mu in a Hitachi 101 spectrophotometer.

The amount of chlorophyll in the sample was calculated as:

Chlorophyll a = (12.7 D 663 - 2.69 D 645) {Eﬁﬁ'mg
Chlorophyll b = (22.9 D 645 - 4.68 D 663) 1300 g

Total Chlorophyll = (20.2 D 645 + 8.02 D 663) I%EE ng
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where D is the optical density at the wavelength indicated and V
is the volume of extract (Arnon, 1949). The result was expressed
in chlorophyll content on unit leaf area basis (mg./cm.z) and

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

The determination of chlorophyll a and b in a mixture by
spectrophotometry assumes that neither pigment influences the
specific absorption of the other. Van Norman (1957) found spectro-
photometer method was less reliable when either chlorophyll a or b
wes about five times more concentrzted than the other. In this
investigation the ratio of chlorophyll a and b did not increase

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

Aol aiZa T Determinsticn of Leaf Size and Leaf Shape

Leaf size and lezf shape were taken on leaf mumber 8 to
leaf nurber 12 inclusive. These lcaves were detached from the
plants and blue printed on Ammo-Positive Process Paper. The out-
lines of these leaves were used for the measurement of lezaf length

and breadth in cm,

The leaf length was measured from the tip of the lamina to
the base of the petiole. The breadth was measured at the widest
breadth of the lamina, In deeply toothed leaves, a line was
dravn joining all the bases of the teeth before the widest breadth

was measured, as illustrated in Diagram 4.1,






33

Aol 2080 Analysis of Data

The experiment was a randomised split-plot design with three
levels of light intensity, two levels of nitrogen and replicated
four times. A standard form of analysis of variance was carried
out for the split-plot design following Snedecor and Cochran (1968)
To establish which mean differs significantly from other mean least
significant difference test (LSD) was employed. Coefficient of
variation was calculated for each anslysis, An example of the

method used is presonted in detail in Appendix V.

441le3. Results

The means and standard errors of the raw data are in Appendix
VII and the summaries of the analysis of variance are in Appendix
VI. The light intensity x nitrogen interactions were not signifi-

cant and will not be presented.

4ele3el, Total Cell Number and Epidermal Cell Sigze

The effects of nitrogen on total cell number and epidermal

cell size were not statistically significant as shown in Table I.

Se Light intensity treatment

The effects of light intensity on total cell number and
epidermal cell size arc presented in Table I. The treatment had
a statistically significant effect on total cell number (P <f0.01)
and epidermal cell size (P € 0.05). It is evident from Table I
that total 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.

TABLE I

The main effects of light intensity and nitrogen

on total cell number and epidermal cell size.

Light intensity Result Nitrogen Result
Character Full 52% 42% LSD Iow High

Total cell o FH oy
number (/mm“) 6107 4954 4987  (629) 5272 5428 n.s

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

+ n.s P 0,05; * P 0,055 ¥ P 0,01, These notations will

be used in the rest of the text.

deleBe2s Stomatal Characteristics

Increasing the nitrogen level from 57 p.p.m. to 250 p.p.m.
had no significant offects on the stomatal length, the breadth and

the frequency (Table II).

A Light intensity treatment

Analysis of stomatal characteristics over different light
intensities reveals a statistical difference in stomatal length
(P¢\0.05) and in stomatal frequency (P<0.05) but not in stomatal
breadth,. Stomata from plants grown in full daylight were longer
and more per unit area than those from plants grown in lower light
intensities 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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Plate VIII. The effects of light intensity on upper epidermal
cell size. (a) under full daylight, (v) under

52% daylight, (c) under 42% daylight (all X 570)
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TABLE 11

The main effects of light intensity and

nitrogen on stomatal characterisitics.

Light intensity Result Nitrogen Result
Character Full 524  42% (94LSD) Low  High

Stomatal length *
28.48 27.79 27.10 (1.00) 27.63 27.96 n.s.

Stomatal breadth
() 18,92 17.48 17.48 n.s. 18.01 17.91 n.s.

Stomatal fre- *
quency ( /mm2) 378 299 320 (44) 342 323 n.s.

4.163¢3s Leaf Size and Leaf Shape

S Light intensity treatment

Analysis of variance reveals that the treatment had statis-
tically significant effects on leaf length (P<0,05) and leaf
length: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
lengthibreadth ratio but not for the leaf lengths 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 IIT

The main effects of light intensity and

nitrogen on leaf size and lsaf shape.

Light intensity Result Nitrogen Result
Character Full 52% 42% (5%LSD) Low High
Leaf length *
(cm) 10,0 13.2 16,5 (3.8) 13.0 13.6 n.s.
Leaf breadth « 60 «60 65 Nl «60 363 N8
(em)
Leaf length: K
breadth ratio 16,8 22.4 26.6 (3.7) 21.8 22,8 n.s.
De Nitrogen treatment

There was a trend that the high nitrogen level increased the
leaf length, the breadth and the length:breadth ratio although the
effect did not reach the 5% level of significance. The treatment
apneared to have a slight influence on the degree of dissection of

the leaves; low nitrogen tended to produce less dissected leaves

(Plate IX).

4414344 Chlorophyll Contents.

8. 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 beasis. It is evident from Table IVa

that chlorophyll contents on a unit leaf area basis were higher
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-

HN - S

Plate IX (a) Full daylight

Plate IX a - ¢ The effects of light intensity and nitrogen

levels on leaf size and leaf shape.

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

LN = Low nitrogen HN = High nitrogen



Plate 11X (c) 42° 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 IVs

The effects of light intensity on chlorophyll contents

lizht Intensity Result
Character Tl 52% 42% (5% 1sD)
Chlorophyl a/b ratio 1.49 1.47 1:47 n.s.

Contents on unit leaf area basis lng x 10- cmz)

. *
Total chlorcphyll 673 «619 «578 (.067)
Chlorophyll a 402 . 368 344 (-537)
Chlorophyll b w2l s 251 «234 s

Contents on unit fresh leaf weight basis (mg x lo-ﬂﬁg)

Total chlorophyll 13,07 13,60 13,41 N.S.
Chlorophyll a TeT9 8.09 8.14 NeSe
Chlorophyll b 5.28 5.51 5.27 N.S.
b. Nitrogen treatment

The treatment had statistically significant effects on chlo-

rophyll contents on a unit leaf areas 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 total chlorophyll,

chlorophyll a and chlorophyll b on a unit fresh leaf basis and on

a unit leaf area basis than those from plants of low nitrogen

(Table IVb),

those of low nitrogen had pale green leaves,

The chlorophyll a/b

ratio was not statistically significantly affected by increasing

the nitrogen level from 57 ppm to 250 ppm.,

44144,

TABLE IVb

The effects of nitrogen on chlorophyll contents

Nitrogen Result
Character Low High (5% LSD)
Chlorophyll a/b ratio 1.49 1.46 NeSe

Contents on unit leaf arca besis (mg x lOéycm2)

Total chlorophyll .585 661 (.354)
»*

Chlorophyll a 350 392 (.032)
*x

Chlorophyll b 235 269 (.022)

Contents on unit fresh leaf weight basis (mg x 10"§/mg)

-
Total chlorophyll 11,82 14.90 (1.34)

**
Chlorophyll a 7.06 8.96 (+83)

%
Chlorophyll b 4.76 5494 (.71) i
Discussion

The results of this study gencrally confirm the results and

observations by several investigators (refer review of literature)

Plants of high nitrogen had dark green leaves while
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on the effects of light intensity and nitrogen on leaf aratomy and
morphology. Shading affects the epidermal cell size and total
cell number (epidermal plus mesophyll cells) per unit leaf area in
leaves of E. vesiculosum. The trend was for shading to increase
epidermal cell area and to decrease total cell number per unit leaf
area (Table I). Shading the plants in 42% daylight induced an
increment in cell area of up to 20%. The result agrees with the
data of Njoku (1956) and Forde (1966). Working on the adaxial
epidermis of leaves of Ipomoea caecrulca under five different light
intensities Njoku found that cell area was largest at 74% daylight
and that cell area at the other intensitics (56%, 28% and 23% day-
light) were intermediate between 75% and 100% daylight. Of closer
agrecment are the results of Forde who studied the effects of 100%,

70% and 20% of daylight on Lolium perennc and Dactylis glomerata.

He reported that the abaxial epidermal cell area was increased by
95% for L, peremnc and 54% for D. glomcrata by shading to 20% dey-
light. His higher increase in cell area by sheding compared to
the result of this study could have been in part duc to the dif-

ferent species of plants he had used and zlso partly due to his

heavier shading.

Only the epidermal cell area was measured here, Considering
the number of epidermal cells per unit leaf area can be estimated
assuming that there is no great variation of cell size within the
epidermis, it follows 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

mumber per unit leaf area. This iB 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 cpidermal cells only. As the
epidermal cells apparently ccased dividing before other cells of
the leaf, observation of epidermal cells only suggest possible
trends (Milthorpe & Wewbton, 1963) and thus counting all the cells
in the leaf would present a more accurate method., For this reason
the total cell number per unit leaf area was also determined in
this study and was found to increase with increasing light intensity.
This is in accord with the results of Humphries & Wheeler (1960)
who studied the effects of light and darkness on cell division and
cell expansion, Cell size was also determined in their experiment
but not in this study. In their determination of cell sizc they
assumed that the number of cells in thc transverse direction re-
mained constant. Thig assumption rmay not be true zs several inves-
tigators (Hughes, 1959: Cormack & Gorham, 1953; Cameron, 1969)
have observed from transverse leaf sections that sun leaves are
thicker and have more pazlisade layers than shade leaves, It would
be a fair assumption, from the deduction made from these anatomical
differences, that total cell number per unit leaf area in sun
leaves would be greater than that in shade leaves.  Further,
Wilson & Cooper (1969) found that shading decreased mesophyll cell

number per unit leaf area.

E. vesiculosum had a greater number of stomatz per unit leaf
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 & Holinsren (1965) on Solidago virgaurea, of Cooper & Qualls

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

(1953) on Menziesia glabella and Lonicera glaucesens, of Friend &

Pomeroy (1970) on Marquis and Kharkov wheat, but is in variance
with the data of Penfound (1931) on Helianthusg, of Wilson & Cooper

(1969) on Lolium and of Cormack (1955) on Vicea americana. The

stomatal length of E. vesiculosum was also affected by light in-
tensity, being longer in sun leaves than in shade leaves, this was

c1so reported by Wilson & Cooper (1969) on Lolium,

The formative effect of light intensity on leaf shape was
similar to that reported by other investigntors (refer review of
literaturc). PlateIX shows the effect of light intensity through
its effect on simplificaticn of leaf shape. Leaves in full dey-
light were more dissccted than those in lower light intensities,

The leaf lengthibreadth ratio which is an expression of leaf shape
was greater in shade lezves than in sun leavesi this was a result
of a significant increase in leaf length but not in leaf brezdth

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

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

and Sanchez (1967) on differcnt plants.

The view that under light a substance or substances respon-
sible for the leaf shape is or are produced has been expressed by
several investigators (c.g. Aberg, 1943). Aberg attributed the
increase in the increase in the leaf lengthsbreadth ratio with pro-

gressively lower light intensities in lobelia dortmana to the carbo-

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, 19583 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, « =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 changes in
carbohydrate level. In the gibberellic acid treatment the carbo-
hydrate decreased because of the increased growth with consequent
reduction in available sugar, His contention was supported 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
controlleds 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

effects in leaf shape cannot be entirely neglected,

The study did not detect any significant effects of nitrogen
level on the characters so far discussed. Arney (1952) working

on marrow=stem kale also found that 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 lezf 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 thet 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 effectis to

be detected statistically.

In the study of light intensity on chlorophyll contents the
analysis of variance showed a statistically cignificant block effect.
This has much to do with the procedure adopted for the determination
of chlerophyll. Sampling was done throughout the day and error
could have been introduced by this procedure as diurnal variations
in chlorophyll content have been reported on some plants by Henrici
(1926), by Bukatsch (1939) and by Bavrina (1959). This procedure
may also introduce a further exrror. Different amounts of tissue
are likely to be taken with the same cork~borer in comparing samples
taken in the morning with those taken say at noon because of pos-
sible changes in water content. This error would bias the chloro-

phyll content result when expressed in unit fresh leaf weight basis,

Leaves of E. vesiculosum in full daylight had more chloro-
phyll per unit leaf area and less chlorophyll per unit fresh leaf

weight than those in the lower intensities (Table IVe)., The
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results of CoCper & Qualls (1967) on Medicaego sativa and Lotus

corniculatus and of Cameron (1970) on Bucalyptus fastigats confirm

the results of this study. However the results should be taken
with some reservation because it ig difficult to decide whether

the treatment was directly changing the chlorophyll content or
merely appearing to change it as a result of a change in leaf ana-
timy. For example if the chlorophyll content is expressed on unit
leaf 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 leaf weight basis the chlorophyll content
may be lower with sun leaves because the leaves are likely to in-
crease in weight with increasing irradiance. Chlorophyll g/b
ratio was not affected by light intensity because chlorophyll a2 and

b changed proportiocnately with varying light intensity.

As expected 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 total chlorophyll, chlorophyll a znd chlorophyll b
expressed in unit leaf arca and unit fresh leaf weight basis (Table
IVb). The result is compatible with the general observation that
plants grown in high nitrogen have greener leaves than those grown
in low nitrogen (Haper, 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 proporticnate amounts.

The effect of shading on leaf morphology and anatomy mey
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 was almost the same in the three light
intensities (see Appendix III) and plants were kept moist at all
times. Hence all differences between leaves from full daylight
and fronm 52% and 42% daylight would most likely be due to the light
intensity effect. But there are other factors either 'uncontrol-
lable in this study or unknown, that may play a part in producing
an cffect. The difference in the levels of shadings of 52% and
42% daylight was probably not adequately marked for their effects
to be statistically differcnt at the 5% level of significance in

most cases.

42 PLANT GROWTH

4.24.1, Experimental Design

The objective of the experiment was to study the effects of
three levels of light intensity and two levels of nitrogen and
their interactions on plant growth with respect to dry weights and

other attributes of classical growth analysis at six harvests.

The experiment was laid out on eight blocks of a split-plot
design similar to the one described in section 4,l.1. In this
experiment eight blocks were taken at each harvest. When harvest
was taken as en 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 interval between two consecutive harvests
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was ten dsys. Harvest 1 was the base harvest.

44242, Experimental Methods

4.2.2.1e Determination of Dry Weights, Leaf Area snd Leaf Number

The plant was removed from the pot by washing out the sand
with a slow jet of water, any sand still left was washed through a
sieve which retained the roots. This procedure reduced the loss
of roots. The plant was then divided into leaves and roots.
The very small stem was included in the roots. A sub=-sample (all
leaves from plants of four blocks) was teken for the estimation of
leaf area and the individual parts dried in an oven at 180°F for
24 hours and weighed in mg. Dry weight of whole plant (%total dry
weight), of all leaves (leaf dry weight) and of all roots (root dry
weight) were determined. Before being weighed the materizl was

cooled and stored in a dessicator.

Outlines of the sub-sample of fresh leaves were blueprinted
on fmmo~Positive Process Paper and the area subscquently determined
with a planimeter, The mean of three rezdings was taken in each
case, From the area and dry weight of the sub-sample the ratio
of leaf area to leaf weight also termed specific leaf area was
derived and the total leaf area of whole plant (leaf arca) was
estimated in cm2 using the ratics The specific leaf area in cmz/ﬁg
for four blocks was used for statisticel analysis. Leaf number

in the four blocks was also counted for statistical analysis.

442.2,24 Derivation of Variables

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

roots and the leaf area were obtained, several derived variables
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were calculated. The variables obtained were gpecific leaf area
(SLA), rootstop ratio, instantanecous leaf ares ratio (LAR), leaf
weight ratio (LWR), mean leaf area ratio (EEE), net agsimilation
rate (NAR) and relative growth rate (RGR), SLA is the leaf area/
the dry weight of the leaves, root:top ratio is the dry weight of
the root/the dry weight of the leaves, LWR is the dry weight of the
leaves/the totzl dry weight of the plant and LAR is the leaf area/
the total dry weight of the plant. The other three variables EKE}
NAR and RGR are more difficult to derive and several formulae are
available for their derivation. Radford (1967) had cited necessary

conditions for the use of the various formualae.

The method of Fisher (1921) was employed to calculate the

RGR of the whole plant. The formula is LogeWé-logeWi where Wé

t2-tl

and Wi are the dry weights per plant at t2 and tl, the second and

first harvest respectively. This formula assumes that dry weight

varies without discontinuity throughout the interval t1 to t2.

This cendition is met in this study.

For the NAR the formula (w2-w1) (10geL2-10g€L1) was used
(Tp=fy ) (85-%)

where L2 and Ll are the leaf area per plant at t2 and tl the second

and first harvest respectively, The formula assumes that plant

weight and leaf area are lineally related if not it will lead to an
over estimation 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 following formula was used:
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LAR = (1oge W,-log_ wl) (L2"£_'1_)_ This formula assumes that
(W,-W, ) (log, L,-Log, L)

both leaf areca and total plant weight increased exponentially.
(Radford, 1967). This occurs during short growth intervals as in

thies study.

de2esCsHu Analysis of Date

Transformation of the raw data was considered before the
analysis of variance was performed. The mean to range ratios of
the raw data were no more constant than the ranges themsclves.

This was taken to suggest that transformation was not important
and the data were analysed without transformation, The analysis
of the raw data was performed at each harvest separately as a split
plot design (see section 4.1.2.8.). In cases where harvest was
considered as an additional factor its analysis of variance was
performed as a split-split plot design following Federer (1955).
Least significant difference test was employed to establish which
nean differs significantly from other mean., Coefficient of varia-
tion was calculated for each analysis. The formula used is shown
in Appendix V. All the data were analysed in tcrms of per unit

plant,

4-2. 50 Results

The results are expressed in the main body of the text
either in graphic forms or in tables with their appropriate least
significant difference. The summaries of the analysis of variance
for all the data are in Appendix VIII, The means and standard

error of the raw data are in Appendix IX.
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44245610 Changes in Dry Weight

8. Light intensity trcatment

The dry weight curves of the whole plant at each harvest
graphed for the whole experimental period are presented in Figure
4.1 and those of the parts in Pigure 4.2. The treatment had sig-
nificant effects on the total dry weight at harvests 2,3,4 and 6
(P< 0.05) and at harvest 5 (P< 0.01l) and root dry weight at har-
vest 2 to 6 (P < 0.01) but had no significant effect on leaf 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 lower light intensities. The differences in totel dry
weight and root dry weight of plants from full and 42% daylight
were significantly different (P*( 0.05) at all harvests, Between
full and 52% daylight the differences were significant for rcot
dry weight at all harvests but were not significant in tctal dry
weight at any harvest. Even bctween the 52% and 42% daylight
there were significant differences in root dry weight at harvests
4,5 and 6 and in total dry weight at harvest 3. A regular trend
that leaf dry weight of plants from 52% daylight was the heaviest
among the three light levels was obssrved at harvest 3 to 6 al=~
though the differences were not statistically significant. Typical
responses of plant to the thrce light intensities are shown in
plate X, The graphs show that total, leaf and root dry weights

increased with time,.

be. Nitrogen treatment
Figures 4.3, and 4.4, show the cffects of two nitrogen

levels on dry weights of whole plant, of leaves and of roots.
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The treatment had significant effects on total dry weight at harvests
4 2nd 6 (P < 0.0l) and on leaf dry weight at harvests 4, 5 and 6
(P < 0.01) but had no significant effect on root dry weight.
Plate X shows the responses of the plant to nitrogen treatment.
The graphs show that total dry weight and leaf dry weight were en-
hanced by high nitrogen. Although the rasult was not significant,

heavier root dry weight associated with high nitrogen was observed.

s Light intensity x nitrogen interaction

There was a significant interaction of light intensity and
nitrogen on root dry weight at harvest 3. Under full daylight
the root weight of plants grown in low nitrogen was significantly
(P < 0.05) heavier than those grown in high nitrogen. Similar
trends were cbserved at the other harvests (Figure 4.5). High and
low nitrogen levels had little effcet on the root dry weight of

plants grown under low light intensities.

462 iBa Changes in Leaf Area

G Light intensity trcatment

Light intensity had significant effects on leaf area a2t har=-
vests 2,7, and 6 (P < 0.05) and at harvests 4 and 5 (P < 0.01) and
on SLA at all harvests (P< 0.01). The¢ curves in Figure 4.6 show
that plants grown under full daylight had significantly smaller leaf
area and SLA thon those grown under 52% and 42% daylight at all
harvests. Between the 52% and 42% daylight the difference “in leaf
area was not significant and the difference in SLA was significant

at harvest 4 (P < 0.05).
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be. Nitrogen treatment

The treatment had no significant effect on SLA but had sig-
nificant effect on leaf arca at harvests 4, 5 and 6 (P < 0,01).
Plants grown in high nitrogen had significantly larger leaf area
than those grown in low nitrogen (Figure 4e7)s Although at harvests
2 and 3 the treatment effect was not significant, high nitrogen as-

sociated with larger leaf arca was observed.

Ce Light intensity x nitrogen interaction

Apart from the result at the second harvest there was no
gignificant interaction of light intensity and nitrogen on leaf
arca (Figure 4.8). At harvest 2 high nitrogen depressed the leaf
area under full daylight but not under the lower intensitics. At
later harvests high nitrogen inereased the leaf area under the
three light levels. The interaction was also not significant on
SILA. The results indicate that the influence of nitrogen levels

on leaf area and SLA did not change with light intensitics.

Ha2e%85 Changes in Dry Weight Proportions

B Light intensity treatment

Light intensity had significant effects on root:top ratio
(P <0,01), IAR (P < 0.01) and I#R (P < 0,01) at all harvests as
shown graphically in Figure 4.9. Plants from full daylight had
higher root:top ratios than those from the lower light intensities,
Between the 52% and 42% daylight the difference in the ratic was
significant at harvests 5 and 6 ut not at harvests 2, 3 and 4.
The effects of the treatment on LAR and IWR were in contrast with
that on rootstop ratio. These two ratios decreased with increasing

light intensity. The LARs of the plants grown in the three light
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levels were significantly different from one another at all harvests,
The IWR from plants grown in full daylight was significantly lowexr
than that from plants grown in lower light intensities. At har-
vests 4, 5 and 6 the LWRs from plants grown under 52% daylight were

significantly lower than that from plants grovn under 42% daylight.

ba Witrogen treatment

Nitrogen had a negative effect on rooct:top ratio. From
Figure 4.10 it is evident that high nitrogen significantly depressed
the ratio at harvest 3 (P < 0.05) and at harvests4, 5 and 6 (P<
0.01)e In contrast the LAR and the LWE were significantly ine
creased by high nitrogen level at harvests4 and 5 (P < 0.,01) for
the former and at harvests 4, 5 and 6 (P < 0.0l) for the latter.
There was a negantive effect of nitrogen on the LAR at harvest 3

(P< 0,05).

s Light intensity x nitrogen intcraetion

The interaction effect of light intensity and nitrogen was
significant on rooft:top ratio at harvests 3 and 5 (P < 0.0l) and
at harvest 4 (P < 0,05). As evident from Figure 4,11, the inter-
action indicates that the influcnces of the two nitrogen levels
change with light intensities. High nitrocgen depressed the ratio
under the three light intensities but the depression was greatest
under full daylight and least under 42% daylight. There were also
important interaction effects of light intensity and nitrogen on
the LAR and the IWR, The interaction effects were significant on
the LAR at harvest 5 (P < 0.01) and on the INR at harvests 3 and 5
(P < 0,05) as shown graphically in Figures 4,12 and 4.13 respectively.

Under the three light intensities the ratios were increased by high
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Fig.411. Light intensity X nitrogen interaction on root:top ratio
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nitrogen (apart from harvests 2 and 3) but the increases were not

the same at different light intensities,

de2eBede Net Agsimilation Ratec, Mean Leaf Area Ratic and

Relative Growth Rate

e Light intensity treatment

The treatment effects on the three growth attributes are
presented graphically in Figure 4.14. It is evident from the
figure 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 the LiR at all hervest intcrvals (P < 0.01) but
had no significant effect on the RGR. The TAR of the plants
grown in the three light intensities were significantly different
from one another. In the case of the NAR plants grown in full
daylight had significan®ly higher rates than those grown in lower
light intensitics. Betwecn the 52% and 42% daylight the difference
was not significant., Figure 4.14 also shows that the NAR reached
the maximum at harvest interval 2 and then declined with time, A
similar trend was cbserved for the R.G.R. The LAR behaved dif-
ferently, it increased with time. A gignificant effect of light
intensity on the RGR was detected when the mean values for the whole
experimental period were compared as shown in Table V. The treat-
ment depressed the RGR and the NAR (P< 0,01) but enhanced the TIR

(P < 0,01),
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TABLE V

The main effects of light intensity

on the NAR, the LAR and the RGR

Character Daylight Result

Rall 5% 42 (5% 1sD)

AR (mg/cmz/day) .6088 .3887 .3291 ¥ (.0382)l

—_— {
IR (on®/mg) L0780 L1117 J1224 %% (,0021)

ROR (mg/mg/day)  .0467  .0423  .0388  ** (,0035) |

In Figure 4.15 thc growth attributes are plotted ageinst
the lcgarithm of the light intensities for the five harvest inter-
vals, The graph shows that the NAR increased with increasing light
intensity. At a2ll harvest intervels there was a close fit to a
straight-line regression. Similarly the graph reveals that LR
was lincally rclated to the logarithm of the light intensities,
but in contrast to the trend of NAR, the ratio increased with de-
creasing light intensity. The curves of RGR plotted against the
logarithm of the light intensities show a good agreement betw:aen
the observed values of the RGR and the values calculated from the
quadratic equations obtained from the product of the appropriate
regressions of NAR and IAR, The regression equaticns are presented

in Appendix X.

Figure 4.15 also shows that the regression lines are dif-
ferent for each harvest interval. The slopes of the regression
lines of NAR and IAR 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 maximum RGR would be obtained
at full daylight while the rest of the curves suggest that the

maximum is achieved at intensities below full daylight.

be Nitrogen treatment

Apert from harvest intervals 1 and 2 high nitrogen signifi-
cantly increased the L&R (P < 0,01). At harvest interval 1 the
treatment was not significantand at harvest interval 2 the treat-
ment decreased the ratio (Figure 4,16). The reason for the de-
crease is not clear, but perhaps it may be a consequence of the
ammonium toxic effect discussed in section 4.2.4, Nitrogen had
no significant effects on the NAR and the RGR 2t every harvest
intervel although the rates were obscrved to inercasc with inercased
nitrogen (Figure 4.16). However when the mean values for the
whole experimental period were compared high nitrcgen significantly

enhanced the RGR (P < 0.01) but still nct the NAR (Table VI).

TARLE VI

The main effects of nitrogen level

on the NAR, the LAR sand the RCGR

Character Low nitrogen High nitrogen Results (3%LSD)!
NAR (mg/cmzfd.ay) 4346 4499 n.s i
IR (cn’/mg) .1016 .1065 #* (,0015)

! RGR (ng/mg/day) .0410 0442 *% (,0015)
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Ce 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 IAR at harvest interval 5 (P <0,01) as shown graphically
in Figure 4.17. TUnder any one light intensity, 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 that of leaf dry weight was not significantly affected by
varying light intensity. Plants in full daylight had heavier
total dry weight than those in lower light intensities (Figure 4,1.)
because of their heavier root weight (Figure 4.2.). The reduction
of root dry weight by shading is probably related to reduced carbo-
hydrete production by the top as a result of lowering the light
intensity, Since root depended on the leaves for sugar it is not
unexpected that root dry weight decreased with the reduction in
light intensity.,  Further the number of sieve tubes and their
capacity for sugar transport may be limiting in plants grown under
shade, This could zlso aecount for the reduction in root dry
weight observed with decreasing light intensity. Gist and Nott
(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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In spite of the independence of light intensity and leaf
dry weight there was a significant increase in leaf area by shading
(Figure 4.6a). As the leaf weight of the three light levels was
not significantly different from one to another, the significant
difference in leaf area could be explained by the leaf thickness
as measured by the ratin of leaf ares tc leaf weight, i.e. the SLA,
Figure 4.6b shows that the SLA increased with decreasing light inten-
sity. This response is confirmed by the results of Mitchell (1955)
and of Bean (1964). Difference in SLA represcnts real differcnce
in leaf thickness. Friend et al. (1962) obtzined 2 close cor-
relation of SLA with the actual leaf thickness as measured by a
micrometer, Leaf number was not an important contributing factor
to the increase in leaf area by shading as shown in Table VII.

In fact the table shows that the leaf number was slightly lower

TABLE VII

The main effect of light intensity on lcaf number

Harvest 2 3 4 5 6

Full daylight 9.1 32.3 2.1 18.0 7.4
52% daylight 9.0 12,0 14.6 18.0 17.9
42% daylight 9.1 12.0 13,9 16.8 16.6

Results N.S, e N.Se Nn.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

(Figure 4.62).
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The amount of photosynthetic tissue present per unit of
plant weight as measured by the LAR was observed to decreace
with increasing light intensity. The LAR is dependent on changes
in leaf thickness expressed in SLA and changes in leafness of the
plant expressed in IVWR. A change in LAR could be attributed to
either SIA or IWR or both. In this study SLA and IWR were found
to decrease with increasing light intensity as shown in Figures 4.
4.6(b) and 4.9(c). A low SLA indicates a smaller leaf area
formed from the same amoﬁnt of dry matter and a low LWR indicates
a decreage in amount of leaf dry matter in relation te the total
dry matter. The decrease in the LAR under increasing light
intensity found in this study was attributed to both S5LA and IWR
with SLA being the dominant component, The present finding is in
variance with the data of Blackman (1961) and Evans and Hughes
(1961) which showed that IWR played only a negligible part in de-
creasing the LAR, but agrees with that of Friend et al (1965) and
Cliye (1966) which showed that the LAR was dependent on both the

SLA and the IWR,

Figure 4.7(a) shows that the distribution of dry weight be=
tween roct and top is strongly influenced by varying light intensity.
The higher root:top ratio in full daylight was entirely due to
heavier root weight as top weight was not affected by light inten-
sity (Figure 4.2(2) ). The result can be explained by the fact
that under low light intensity there would be a reduction of avai-
lable carbohydrate. The leaves being nearest to the source of
garbohydrate will be able to benefit most and root growth will be

relatively retarded,
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The effects of light intensity on the NAR and the IAR are
compensatory in that high intensities 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 expe-
rimental period were compared high light intensity depressed the
IAR and increased the NAR and the RGR (Table V), Similar results
were obtained by Wilson (1967) on different plant species, The
work of Therne and Evans (1964) on sugar beet and spinach beet
could offer an explanation to the decrease in the NAR under low
light intensities. By some grafting experiments they found that
the greater NAR in sugar-beet was associated with a greater root
gystem than spinach beet, The sugar bect root probably increased
the NAR by previding a better sink for assimilates than spinach
beet root. That more sinks are conducive +to increased photo-
synthesis has also been reported by Humphries and Thorne (1964).
In this study, plants in low light intensities had less rocts than
those in the full daylight and hence could be associated with de-
creased photosynthesis. Components of the leaves such as stoma-
tal frequency and chlorophyll content are found in section 4.l. to
be influenced by light intensity. These changes are likely to
affect photosynthesis (El-sharkawy and Hesketh, 19643 Sestak and

Bartos, 1962).

The result of this study cenforms to the reports of Black-
man and his followers that the NAR and the TER are lineally re-
lated to the logarithm of the light intensity (Figure 4.15). In
this experiment prior to the treatments the plants reeceived full

daylight and in conseguence modification for the plants takes some
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time before full adaptation to the changing light intensity is
completed. The slopes of the TAR regression line in Figure 4.15(b)
measures the adaptation of the plant. At the start of the experi-
ment the slope of the regression line for the three light intensities
is the same and parallel to the light axis. At any harvest taken
before the plants are fully adapted to each light intensity the
slope of the regression line will be intermediate between zero and
the value when the full potential for adaptation is completed.
From Figure 4.15(b) it is evident that the slope of the regression
line of each harvest interval is greater than that of the preceding
one. Adaptation has almost completed for E. vesiculosum at har-
vest interval 4 as the slopes of the regression lines at harvest
intervals 4 and 5 did not differ much. The changing shape of the
RGR curves in Figure 4.15(c) is another irdication of the adaptation
of the plant to changing light intensity. In the first harvest
Interval the curve indicates that the maximum growth rate would be
achieved at light intensity at full daylight or higher, while for
the rest of the hervest intervals the curves show that the maxi-

mum has shifted to an intensity below full daylight.

There has heen a controversy among investigators whether ox
not NAR drifts with time. In recent years several critical studies
on this issue have been undertaken., The work of Thorne (1960,
1961) indicated that NAR declined with time independent of environ-
ment., Investigations of Evans and Hughes (1961) carried out in
the glasshouse on I.parviflora showed that NiAR decreased to only a
small extent before self shading occurred. The data of this

study indicated a significant decrcase of NAR with time as shown



in Table VIII,

TABLE VIII

The effects of harvest interval

on the NAR, the LAR and the RGR

Harvest interval (a) i i 2 3 4 7] Result
(5% LSD)

NAR (me/cn’/day) 4340 6282 L4402 L3923 L3163 (0764)

— D, **

LiR (em®/mg) 0870 .0919 ,0968 .1194 .1251 (.0012)
N

RGR (mg/mg/day) 0365 .0557 .0412 .044% .0353 (.0071)

(a) Harvest interval was considered an additional factor and

analysis of variance was performed on a split-split plet design

(Appendix X)e

The table also shows that the RGR declines with time and
the LLR increases with time. The RGR result is in accord with the
data of Thorne (1960) but the LAR result is in contrast with the

data of Thorne (1960).

The decline of NAR with time could be attributable to a
decrease in the IWR and or a decrease in the LAR. In this study
these two attributes increased with time and could not be the con-
tributing factors. Hence the fall in the NAR could be probably
caused by self shading and or some internzl factors, As this
study was not performed in controlled environment the change in
growth attributes with time could be influenced by varying tempe=-
rature and solar radiaticn. The variations of these two inviron-
mental factors with time were not great (Appendix I) and would not

be inportant factors in this study.
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The effect of varying the nitrogen supply on plants has
been studied by many investigators. In E, vesiculosum increasing
the level of nitrogen from 57 ppm to 250 ppm significantly in-
creased the total dry weight and leaf dry weight but not the root
dry weight. The failure of the high nitrogen to promote rooct
growth could be explained by the light intensity x nitrogen inter-
action, From Figure 4.5 it is shown that high nitrogen depressed
root growth for the five harvests in full daylight but not in the
52% and 42% daylight. The negative effect of high nitrogen in
full daylight could nullify the positive effect of high nitrogen
in the lower intensities thus giving a mean value of the high
nitrogen effect little different from the value of the low nitro-
gen effect (Figure 4.4). The lack of significant difference be-
tween low and high nitrogen on total dry weight a2t harvest 5 is |
attributable to the depressing effect of high nitrogen in full day-
light being greater than the promotive effect of high nitrogen in
the lower intensites. On looking through the raw data (the means
given in Appendix 1¥;it was found that high nitrogen also depressed
leaf dry weight at harvest 2 and total dry weight at harvests 3,34
and 5 in full daylight but not in 52% and 42% daylight. Ballard
and Petrie (1936) and other investigators (cited by Ballard and
Petrie, 1936) alsc obtained depression of plant growth by high

nitrogen.

The depressing effect of high nitrogen could be an ammonium
toxicity effect. 1In this study the source for 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 28 a source of nitrogen leads to severe physiological and
morphological disorders resulting in retarded growth and in some
cases death. Behnett et al (1964) comparing the effect of nitrate
and ammonium on growth in sand culture found that the effect of
ammonium on growth was striking, Roct and top dry weights of corn
was greater when nitrate supplied the nitrogen than when nitrogen
was supplied by ammonium, Roots of plants grown in ammoniunm
form werc derker and appeared poorer than roots grown on the nit-—
rate form, The decreased growth by ammonium source cof nitrogen
could be explaincd by its disruptive effects on various apects of
plant metabolism (Krogmannet al., 1959; Avron, 1960; Trebet et ala,

19603 and Puritch and Barker, 1967).

With reference to the result of this study the depressing
effect of high nitrogen could be explained by ammonimm toxicity.
The absence of the toxic effect under low light intensity could be
due to the fact that ammonium could not reach the toxic level be-
cause its uptake was limited by low light energy., Tokimasa and
Suetomi (1958) noted that the NH4-V abscrption by wheat was retarded
by shading, Ballard and Petries (1936) explained their depression
as a result of a toxic effect. t is likely that ammonium
toxicity can be rul d out as their source of nitrogen was from
nitrate. However the results of some of the investigators cited

by Ballard and Petrie could be associated with ammonium toxicity as

their sources of nitrogen were from ammonium,

The increase in leaf 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 leaf
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number or the individual leaves were greater in size or both.
The second factor was mainly responsible in this study as nitrogen
had little effect on leaf production except at harvest 4 as shown
in the Table IX. The result agreces with the work of Langer (1959)

on timcthy. The increase in leaf area by increased nitrogen

TABLE IX

The main effect of nitrogen level on leaf number

Harvest 2 3 4 5 6

Low N 9.1 11.9 15.3 174 1743
High N 9.1 12.3 15.1 17.8 17.3
Result (5% LSD) NS NS, *(1.3) N.s. N.S.

level was due to increased leaf weight and not to leaf thickness

as there was no treatment effect on SLA (Figure 4.7).

Since nitrogen has no significant effect on SLA, it follows
that the variation in the LAR will be proportional to changes in
the IWR. Both the LAR and the LWR were significantly enhanced
by increasing the nitrogen level from 57 ppm to 250 ppm. Hence
the increase in the LAR was due to more material going to the for-

mation of leaves than to other orgens of the plant.

E. vesiculosum plants grown in 57 ppm nitrogen had a higher
rootstop ratio than those grown in 250 ppm nitrogen. This obser-
vation is in accord with the works of other investigators (e.g.
Sidens and Young, 1950). The result could be explained by the

reduced top growth in low mitrogen. The top growth utilises a
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relatively small proportion of the carbohydrate synthesised during
photosynthesis and the excess is translocated to the root system,
Greater root growth becomes possible through the use of the trans-
located carbohydrate. If high nitrogen is available the top
growth increases and less amount of carbohydrate is available for
root grovth and consequently a reduction in the root: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 NAR, This observation agrees with
the result of Gregory and Baptiste (1936) on barley, of Ballard
and Petrie (1936) on Sudan grass and of Crowther (1934) on cotton
but is in contrast with the date of Ballard and Petrie (1936) on
wheat, of Watson (194?) on barley and mangolds and of Langer (1959)
on timothy. As an explanation for his results Crowther (1934)
suggested that the internal level of nitrogen was not influenced
very much by the high or low nitrogen treatment because the inter-

nal nitrogen level was in a sense self-regulated.

Langer (1959) obtained significant nitrogen effect on the
NAR in his 1957 experiment when the mean values of the NAR for
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 encugh 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 Yow RGR was consis-
tently associated with low 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 inereased

by high nitrogen between weecks 8 and 10,

There were indications in this study that the RGR was signi-
ficantly influenced by nitrogen, but because of high variability
no significant difference was observed. However a significant
difference (P< 0,01) appeared when the mean values for the whole
experimental period were compared (Table VI). The NAR was still
not significantly influenced by nitrogen when mean values for the
whole experimental period were compared although high nitrogen
had higher value., The LAR was more sensitive to changing nitro-
gen levels. It was significantly increased by high nitrogen at
harvest intervals 3, 4 and 5. The increase in the RGR with high

nitrogen was due mainly to the increase in the ILAR,

Most of the interactions observed in this study may be due
to the toxic effect of high nitrogen on growth in full daylight.
In Figure 4.8 the significant interaction of light intensity and
nitrogen on leaf area at harvest 2 was due to the initial depres-
sing effect of high nitrogen on leaf area under full daylight.
Similarly the significant interaction effects root:top ratio and

IWR 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 lower root:top ratio as observed in the
three light intensities in Figure 4.11. Hovever in the full day-
light the high nitrogen depressed root weight instead of increasing
it thus resulting in a greater reduction in the root:top ratio as
shown in the graph at harvesis?, 4 and 5. At harvest 6 there was
no significant interaction effect most probably because the toxic
effect had worn off with time. It may be too early at harvest 2
for the nitrogen effect to be evident as suggested by the lack of
significant interaction at this harvest. The interaction effect
on the IMR in Figure 4.13 may be accounted for by similar

explanation,

The interaction of light intensity and nitrogen have sig-
nificant effects on the LAR and the LAR at harvest 5 and at harvest
interval B 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 time, this could be a possible

explanation,

The significant block effect which occurred in some cases
was due to 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 effect disappeared,
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Chapter V EFFECTS OF DAYLENGTH AND NITROGEN

ON E. VESICULOSUM

57 MORPHOLOGY AND PLANT GROWTH

5.1.17 Experiment de¢sign

There were two experiments involved in the study of
morphology and growth in response to daylength and nitrogen.
In both experiments the plants were of about the same 5
physiological and morphological age (4 leaves per plant).
Experiment 5.1 (I) was iaid out on a factorial combination of
two daylength treatments, "short" (8 hours) and "long" (16 hours)
and two nitrogen levels, "low" (57ppm N) and "high" (250ppm N).
One bay was used for the short day and one for the long day
treatment. Within daylength bays there were seven blocks of each

nitrogen treatment.

At the beginning of the experiment, representative plants
were dissected to ensure strictly vegetative growth before plants
were assigned to the treatments. During the experiment, a record
was kept of the percentage of plants with macroscopic inflorescence
buds on three arbitary dates (32, 52 and 77 days after treatment)
and of the number of emerged leaves per plant at five arbitary
dates (0,32,52,60 and 77 days after treatment). At the harvest
77 days after treatment each treatment was represented by seven
blocks 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 determined and

the plants of the other blocks were preserved for future
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anatomical investigation.

Experiment 5.1 (II) was laid out on a factorial design
similar to Experiment 5.1 (I) except more blocks were used to
allow for two harvests. For the first harvest 28 days after
treatment four blocks were taken for each treatment. The growing
points of all the plants were examined under a dissecting
microscope. The dry weights of leaves and roots and the leaf
area were determined. The final harvest was taken at 91 days
after treatment. The dry weights of radical leaves, runner
leaves, runner stem, lateral branches, inflorescences and roots,
the leaf area (radical and runner separately), the number of
runners per plant and the number of flowers per inflorescence
were determined. The flowering time (definition in section
5.2.2.1) was also recorded, For each treatment seven blocks

of single pot plant were taken.

SeTee Experimental Methods
5414241 " Determination of Dry Weights and leaf irea

—

The method used was as described in Section 4.2.2.1

5x1e2.2 Determination of Leaf Length, Leaf Dissection

and Number of Emerged Leaves per Plant

The length of leaf number 4 to number 11 inclusive in the
plant was measured at the harvest. Each leaf was detached from
the plant and its length measured from tip of lamina to the base
of the petiole. Earlier leaves 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 less to the treatment.
To assure that the leaves had attained thoir maximumn growth

when measured leaves later than leaf number 11 were not taken.

The leaf dissection is expressed as the number of teeth
per leaf. The more teeth per leaf the more dissected was the
leaf. Leaf dissection was determined on leaf number 6 to number
1% inclusive per plant. These leaves were chosen because the
earlier leaves were all entire and in order to have uniform
entries per treatment leaves later than leaf  number13 were not
taken as in some blocks only thirteen leaves were in a plant

while in others more leaves were available.

Number of leaves emerging from the central axis was
counted on each plant. An emerged leaf is defined in this

study as one that can be observed with the naked eye.

5ol e2sF Analysis of Data

The data were analy sed as a 2 x 2 factori;l design.
Least significant difference test and co-efficient of wvariation
were calculated for each analysis. An example of the method
used is in Appendix XI. All analyses were performed on the

original scale in terms of per unit plant.

5P Results

The results are expressed in the main body of the text
either in tables or graphs with their appropriate least
significant difference. Analysis of varianceis tabulated

with mean squares and significance levels in Appendix XII.
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Plate XI(a) shows the plants at 45 days after treatment
in Expt. 9.1 (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 initiated inflorescence
primordia under long days and were vegetative under short days.
At the final harvest at 91 days after treatment the long day

treated plants were flowering and producing runners and the short

days were still vegetative as illustrated in Plate XI (b)

A, MORPHOLOGY

5ile21 Leaf Length and Leaf Dissection

(a) Daylength treatment

Daylength had statistically significant effects on leaf
length (P<0.01) 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 leaf length and leaf dissection

Treatment Leaf Length (cm.) No. teeth/leaf
Daylength: short 7.6 4,1
long 1345 23.8
Result (5% LSD) ¥* (kL) % (9.5)
Nitrogen: Low 10.0 10.6
High i 175
Result (5% LSD) % () ¥  (1.5)




LNSD LN.LD HN.SD

(b)

PLATE XI  Effects of two nitrogen levels (57ppm N = LN |,
e>0ppm N = HN on E. vesiculosum grown in 8-hour
daylength (SD) and 16 hour daylength (LD) at (a)

45 days and (b) 91 days after start of the experiment.,
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(b) Nitrogen treatment

Increasing the nitrogen level from 57ppm to 250ppm had
statistically significant effects on leaf length (P<0.01) and
leaf dissection (P<0.01). The higher nitrogen level was associated

with longer and more dissected leaves (Table X).

(c) Leaf Position

Leaf length and leaf dissection were statistically influenced
(P<0.01) by leaf position. Leaf length was longer as the leaf was
inserted further from the base and this reached its maximum value
at leaf number 2 and then slowly declined (Table XI). The
degree of dissection of the leaf increased as the leaf was at a
further position from the base and it attained its maximum dissection

at leaf number 10 and then decreased as shown in Table XI.

TABLE XTI

The main effects of leaf position on

leaf length and leaf dissection

Leaf position Leaf length (cm.) No. teeth/lecaf
L 8.9 B
5 10.1 -
6 gl s | Te
Z 12.0 b1
8 1M.4 14,5
9 10.9 19.
10 10.4 21.0
11 9.8 20.9
12 - 16,5
13 - 154
Result (5% LSD) w® {8) * {3.5)
(c) Interactions

The interaction of daylength and leaf position had statistic-

tically significant effects on leaf length (P/0.01) and leaf
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disection (P<¢0.01). At all the leaf positions the length of the

leaf was greater in long days but the increase in length was not
equal for all the positions. The increase was progressively
greater until leaf number 7 and then slowly declined as
graphically illustrated in Figure 5.1 (a). In short days the
leaf length was relatively constant from leaf number b to

k. The curves of the interaction effect on leaf dissection
show that in short days the degree of dissection did not change
much after leaf number _G5.- whereas in long days it increased
rapidly from 2.3 teeth in leaf number & to 35.2 teeth in leaf
number 9. . It reached the plateau at leaf number 10 (36.7 teeth)
and then rapidly decreased to 20,9 teeth in leaf number 1%

as shown in Fugure 5.1 (b).

There was also a significant interaction effect of nitrogen
and leaf position on leaf length (<0,01) but not on leaf dissection.
At the lower leaf positions the effect of inereasing the nitrogen level
from 57ppm to 250ppm was negligible but became significant at
higher positions because of a more rapid decline in the leaf length
in the lower nitrogen level (Figure 5.7 (a)). The high and low
nitrogen level affected the leaf dissection in a similar tyend
(Figure 5.1 (b)). . Both increased the number of teeth per leaf
with increasing leaf position and after reaching the plateau at the

same leaf number, began to decline.

The effect of daylength and nitrogen interaction on leaf
length and leaf dissection was significant at the 1% level. Table
XII shows that with both nitrogen levels long day increased the leaf

length and the number of teeth per leaf but the increase was higher
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with high mitrogen (G 9cm, 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 length (cm,) No. teeth/leaf
Daylength Low N High N Low N High N
Long 1245 14,6 18.1 29.6
Short 7ok T D%l Bl
Result (5% LSD) *¥ 66) ¥ (3.2)

5.1.3%.2 Number of Emerged Leaves 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% level of
significance. However a significant difference (P<G.01) was
detected at 77 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
then were flowering and consequently had stopped initi ating leaves
whereas under short days the plants were vegetative 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 (PCC.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.

(¢) Daylength X nitrogen interaction

There was no significant daylenpgth X nitrogen interaction
effect on leaf number per plant except at 77 days after treatment.
High nitrogen increased leaf number under both daylength treatments
but the increasec was much greater under short days (2.58 leaves)
than under long days (.28 leaves). This is because the long day
treated plants which had flowered did not produce further leaves on
the control axis where short day treated plants which were still

vegetative, continued their leaf production on the central axis.

B. GROWTH

5.,1.5,3+ Changes in Dry Weight

(a) Daylength treatment

When subjected to analysis of variance the differences between
total dry weights and leaf dry weights within the two daylength
treatments were found to be significant above the 5% level. The
treatment effect on root dry weight was not statistically significant.
Total dry weight was significantly increased by increasing the day-
length from 8 hours to 16 hours when harvested at 28 (P<0,05)

77 and 91 (P<0.01) days after treatment (Table XIIXI). The
great difference in total dry weight of plants grown in long days
and of those grown in short days at 77 and 91 days after treatment
was attributable to the extra weight contributed by the runners,
lateral branches and inflorescences in the long-day treated

plants. Plants grown in short days were
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vegetative and did not produce runners and lateral branches.
Table XIIT shows that when total dry weight was estimated only
from roots and radical leaves the treatment effect was still
significant (P€0.05) at 91 days after treatment. At 77 days
after treatment top dry weight of plants was not secparated into
runner weight, lateral branch weight, inflorescence weight and

radical leaf weight.

TABLE XII1I

The maim effects of daylength on changes in dry weight (mg)

Daylength
Character Long Short Result (5% LSD)
28 days after treatment
Total dry weight 293%.00 221.20 * (70.53)
Leaf dry wcight 121457 78460 ** (28.09)
Root dry weight 171. 43 142,60 sl
77 days after treatment
Total dry weight 794, 26 382486 ¥*¥ (120.18)
Leaf dry weight 545,45 139,84 e (75.,73)
Root dry weight 248.80 243,02 N.Se
91 days after treatment
Total dry weight 2915.72  835.38 ** (196.59)
(1) 946.23 835.38 * (104,73)
Leaf dry weight 763.35 254,86 st (107.29)
(2) 326,14 254,86 * (61.29)
Root dry weight 620,08 580.52 NeSe

(1) excluding weights from runners, lateral branches and

inflorescences

(2) excluding weights from leaves of runners and lateral

branches
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Long day treated plants had heavier leaf dry weight than short

day treated plants. At 77 and 91 days after treatment the heavier
leaf weights werc mostly attributed to leaves from runners and
lateral branches although leaf weight estimated on radical leaves
alone was still significantly heavier in long day treated plants

than short day treated plants.

(b) HNitrogen treatment

The treatment effect was not evident 28 days after trcatment.
On later harvests high nitrogen yielded significantly hecavier total
dry weight (P{0.01) and leaf dry weight (P€0.01) at 77 days after
treatment and significantly heavier total dryweight (P£0.01), leaf
dry weight (P€0.05) and root dry weight (P{0.01) 91 days after
treatment (Table XIV). The treatment effects were still significant
when the total dry weight was cestimated only from roots and radical
leaves and when the lecaf dry weight was estimated from the radical
leaves alone (Table XV). High nitrogen had a depressing effect on
root weight at 28 days after treatment although the effect was not
statistically significant. The observation could be attributable
to an experimental error or to an ammonium toxicity effect
(see 4,2.4, Discussion) as the source of high nitrogen was from
nitrate amd ammonium whereas the source of low nitrogen was from
only nitrate, The possibility that the toxic effect diminished
with time was suggestcd by the positive effect of high nitrogen

at 77 and 91 days after treatment.
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TABLE XIV i

The main cffects of nitrogen on changes in dry weight (mg.)

Nitrogen
Character Low High Result (5% LSD)
28 days after treatment
Total dry weight 256,43  257.76 NsSa
Leaf dry weight 95.74 104,43 TLs 5
Root dry weight 160.69  153.34 N.Se
77 days after treatment
Total dry weight 481,52 695.59 **  (120.18)
Leaf dry weight 247,73  437.57 L (75.73)
Root dry weight 23%,79 258.03 n.s,
91 days after treatment
Total dry weight 1531.45 2219.64 **  (196.59)
(1) 773.61 1008.00 *¥*  (104,73)
Leaf dry weight LOo7.20  611.01 **  (101.29)
(2) 2kl 73 336,27 *  (61.29)
Root dry weight 528.88 671.72 **  (79.06)

For (1) and (2) refer Table XIII footnote

(¢) Daylength X nitrogen interaction

The interaction effects of daylength and nitrogen were
significant on leaf dry weights at 28 (P<0.05), 77 (P<0.01) and
91 (P<0.05) days after treatment and on total dry weight at
77 days and 91 days (PL0.01) after treatment. There was no
significant interaction effect on root dry wcights (Table XV).
When the total dry weight and leaf dry weight at 91 days after
treatment were estimated from root and radical leaves and from radical
leaves respectively the interaction effects were no longer significant
as shown in Table XV, Thus the significant interaction effects
observed at 77 and 91 days after trcatment could be an artifact
produced by the presence of runners, lateral branches and

inflorescences in long day treated plants. The interaction observed



TABLE XV

The interaction effects of daylength and

nitrogen on changes in dry weight (mg)

Character Daylength

28 days after treatment

Leaf dry weight Long
Short

77 days after treatment

Total dry weight Long
Short
Leaf dry weight Long
Short

91 days after treatment

Total dry weight Long
Long (1)
Short

Leaf dry weight Long
Long (2)
Short

For (1) and (2) refer Table XIII footnote

Nitrogen

Low High
101.86 136,28
89.63 6757
584,59 1003.92
378.45 387,27
355. 32 735.59
14014 139455
2363,08 3L68,356
847,41 1045,05
699.81 970475
603,69 G 2301
278.75 358,21
210.72 299,01
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Result (5% 1sd)

*  (39.72)

** (169,97)

¥ (107.11)

**  (278.00)

NS4

* (143,25)
n'S.

on leaf dry weight at 28 days after treatment could be caused

by the ammonium toxicity effect of high nitrogen;

the toxic

effect being greater under short days than under long days.

S5e1:3.4 Loot:lop Hatio

(a) Daylength treatment

The treatment had statistically significant effect on

root: top ratio at 28, 77 and 91 days after treatment (P<0.01).

Plants grown in long days had lower ratios than those grown in

short days (Table XVI).
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TABLE XVI

The main c¢ffects of daylength and

nitrogen on root: top ratio

Treatment Days after trecatment

28 i 91
Daylength: Short 1.836 1.836 24325

Long 1441 . 508 « 281
Result (5% LSD) “r (.967) *% ( 207) - L. 259
Nitrogen: Low 1.696 1.214 1. 344
High 1.581 14130 14262

Result (5% LSD) niSe NS N8

The low ratios in long days observed 77 and 21 days after
treatment indicated that the top growth exceeded root growth.
This was expected as by this time the long day treated plants
were flowering and producingrunncrs and lateral branches.

This would explain the interesting trend that in long days the
ratio decrcased with time whereas in short days the ratio was

more or lessconstant with time (Table XVI).

(b) Nitrogen treatment

Nitrogen had no statistically significant effect on the
ratio, However a regular trend was observed that the ratio
decreased when nitrogen level was increased as evident from

Table XVI,

(¢) Daylength X . Nitrogen interaction

There was a significant interaction on the ratio at 28
days after treatment (P<0.01). High nitrogen had a negative

effect on the ratio in long daySand a positive effect 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

TABLE XVII

The interaction effect of daylength and

nitrogen on root: top ratio

Days after treatment Daylength Low High Result (5% LSD)

28 Long 1.615 1,268 % C2B5)
Short 1777 1.895
77 Long 0.648 0.362 NeSe
Short 1+ 78% 1.891
91 Long « 319 243 NeSe
Short 2.369  2.281
interaction was not significant, it 91 days after treatment

the interaction effect on the ration was also not significant and
high nitrogen had depressing effect on the ratios under both
daylengths. The significant interaction observed at 28 days
after treatment could have resulted 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 area 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 estimated from radical leaves alone. However when
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leaf area from the runners and lateral branches was included,
increasing the daylength from 8 hours to 16 hours significantly
increased the area (P<0,01) as shown in Table XVIII. This

would be expected as runners and lateral branches which were only
produced by long day treated plants as observed in this study

contributed about 60% of the 1632.78cme of leaf areca.

TLBLE XVIII

The main effects of daylength and

nitrogen on leaf arca (cm2)

Treatment Days after trecatment
28 91
(3)

Daylensth: Short 14,56 635,41 635,41

Long 19, 37 1632.78 696.62
Result (5% LSD) n.s. ** (15.99) n.s.
Nitrogen: Low 17.84 651.96 37.85

High 16,09 100,06 5730
Result (5% LSD) NeSe ** (15,99) **(10,02)

(3) figures in this column exclude the leaf arca from leaves

of runners and lateral branches.

(b) Nitrogen treatment

The treatment had a statistically significant effect
on the area at 91 days after treatment (P<0,01) but not at 28 days
after treatment. From Table XVIII it is evident that plants grown
in high level of nitrogen had larger lcaf arceas irrespective of
whether the arca was estimated from radical leaves alone or
from radical lecaves plus runner leaves and leaves from lateral braum;

than those grown in low nitrogen at 91 days after treatment.
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5.2 FYLOWERING, NUMBER OF FLOWERS PER INFLORESCENCE

AND NUMBER OF RUNNERS PER PL.NT

5.2.1 Experimental Design

The experiment was performed to investigate the effects
of two nitrogen levels on the formation of flower primordia, number
of flowers per inforescence and number of runners per plant. It
was laid on a completely randomised Hock design. Representative
plants were dissected and no floralprimordia were found in any of
the plants before allocating them to their treatments. Eighty
single pot plantswere assigned to eightblocks under long days.
Half the plants in each block were fed with high nitrogen and the
other half with low nitrogen. »11 the plants were of similar
physiological age although the leaf number ranged from 23 - 48

with a.mean of 32.8 + .5,

One plant per block was examined under a dissecting microscope
on the 25th, 26th, 27th and 29th day after treatment. The
inflorescence primordium was scored according to the various stages
defined in section 5.2.2.1. The remaining plants were continued
with their treatments to determine the flowering time (definition
see section 5.2.2.1). The number of flowers per inflorescence

and runner number per plant were also counted and recorded.

5.2.2 BExperimental Methods

5.2.2.1 Criteria of Flowering

Flowering may be measured by several methods based
either 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). The following mcthods were used
in this study.
(a) Plants werc examined at some arbitary time and a record
was made as whether or not they have flowercd. The results
are cxpressed as a percentage of flowering plants compared to
the total replication of a treatment.
(b) The flowering time was determined. This is mecasured
as the number of days from the commencement of the treatment
to the day of opening of the first flower in the inflorescence.
The flower is said to be opened when the stamens ean be scen
with the naked eye.
(c) At somc arbitary time plants were micro dissected and
arbitary stages of floral development were assignoed to these
plants. The rate of floral development recorded by a stage score

system is illustrated in Plate XIII and defincd below.,

Stage 0: Relatively small vegetative growing point

Stage 1: Growing point hemispherical in shape and
clearly visible

Stage 2: Inflorescence primordium recognizible with

its base constricted

Stage 3: TFlower primordia visible on the inflorescence
primordium, covering not more than a quarter of
the inflorescence primordium

Stage 4: Flower primordia covering three quarters of
the inflorescence primordium

Stage 5: Flower primordia covering the whole inflorescence

primordium except the tip.
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Stage 6: Flower primordia covering the whole

inflorescence primordium.
Stage 7: Inflorescence primordium surrounded with

bracts.

5¢e2+2¢2. Determination of Number of Flowers per Inflorescence

Inflorescences were detached from the flowering axes and
taken to the laboratory. Flowers in each inflorescence were

removed from the inflorescence with a sharp scalpel and counted.

5.2. 2.3. ‘lnalysis of data

The data were analysised as a completely randomised
block design following Snedecor and Cochran (1968). Co efficient
of variation was calculated for each analysis and lezst significant
difference test was used to establish differcnce between menns.
Data from Experiment 5.1 (I) and frem Experiment 5.1 (II) in
the previous section 5.1 were analysed in conjunction with the
current Experiment 5.2. The original scale was used in 8ll the

analyscs.

5.2-3- Results

The means and standard errors of the raw data are in
Appendix XIV and summaries of analysis of variance in
Lppendix XV.

5.2-3.1- Flo“[ering

appearance of macroscopic inflorescence bud

Flowering as determined by the appearance of macroscopic

inflorescence bud was observed at 52, 60 and 77 days after treatment.
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Stage 2 Stage 3
PL.TE XIIT Developmental stages of the inflorescence primordium

X Loo. For defination see texte
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Stage 6 Stage 7

PLLTE XIII Continued
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The results are presented in Table XIX. The results indicated that
plants flower d under long day and remaiﬁed vegetative under short

day. Further under long day plants fed with high nitrogen appeared
to have earlier appearance of inflorescence buds than those fed with

low nitrogen.

TABLE XIX

The e¢ffect of daylength and nitrogen on flowering

Percentage of plants with macroscopic

Daylength Nitrogen inflorescencec bud at days after treatment
52 60 77
Long Low 26.6 714 100
High 714 8547 100
Short Low 0 9] 0
High 0 0 0
C4d) Flowering time

Flower time was not statistically significantly affected
by increasing the nitrogen level from 57ppm to 250 ppm in
experiment II of section 5.1. However the present experiment
showed that by increasing the nitrogen level the flowering time
was significantly delayed (P<0.01). The average time of flowering
time under low nitrogen was 90.13 days as compared to 95.38 days

under high nitrogen (ippendix XIV),

(iii) Inflorescen-e development

in analysis of variance of the inflorescence development



T3

showed no significant differcnces between developmental stages
for the two nitrogen levels when determined at 25, 26, 27 and

29 days after treatment.

5.2+3.2 Number of Flowers per Inflorescence

The data for the number of flowers per inflorescence were
obtained from Experiment I nnd II in section 5.1 and the present
experiment, When subjected to analysis of variance the difference
between the number of flower per inflorescence in the high and low
nitrogen treatments were found to be not significant at the 5% level

for all the thre: experiments. (ippendix XIV.)

5.2+3%.3 Number of Runners per Plant

Increasing the nitrogen level from 57 ppm to 250 ppm had
no significant effect on runner number per plent in Experiment I
and IT in Section 5.1 and the present experiment. Comparing the
results between experiments an intercsting point can be noticed.
Plants in the present expcriment which werc physiologically and
morphologically older than those of the other two experiments had

more runners per plant than those of the other experiments.

5.192-4Discussion

It has been demonstrated by several investigators that
leaf shape was affected by daylength. ishby (1950) observed

that in Ipomoea caerulea lobing of leaves in long days were more

pronounced than those in short days. Similar findings were noted
by Sen Gupta and Payne (1947) and Sanchez (1967) on different
plant species. The results of this study showed that leaf

length and the degree of leaf dissection were also increased by
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long day treatment (Table X). Independently of the effect of
daylength , leaf position also influenced leaf shape. There
was a progressive increase in leaf length and degree of leaf
dissection from leaf position to leaf position up the main axis
followed by a decline after reaching the maximum values (Table
X1 )q This phenomenon has been observed by some investigators
(eg. ishby, 1950, Borrill, 1959, ispinal and Paleg, 1964),
hccording to Krenke's hypothesis (.ishby, 1948) the increasing
amount of dissection or lobing of the leaves was assoeciated with
physiological age. The result of this study appeared to support
this hypothesis as short day treatment delayed maturity through
the process of inhibiting flowering while long day treatment
hastened the process of maturity by promoting flowering. The
findings of ishby (1950) on I. caerulea in which both leaf shape
and flowering were controlled by daylength did not support the
Krenke's hypothesis. Borrill (1959) and Thomas (1961) noted that
the hetercoblastic changes were linked with floral development.
These observations would be compatible with Krenke's hypothesis.
The significant effect of leaf position on leaf shape in this
study was probably an artifact as a result of long day treatment.
The variation of leaf shape from leaf position to position was

not significant under short days but was significant under long days.

There was 2 general tendency for number of emerged leaves
per plant to increase with increasing daylength. The data of
Friend et al (1962) of differcnt 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



113

could be caused by floral initiation under inductive long days.
This would confirm the findings of Schwabe (1959), and of
Langer and Bussell (1964) which showed that the increased

rate of leaf production was associated with floral initiation.

The result of this study showed that both growth and

flowering of E. vesiculosum were markedly influenced by

daylength. Plants grown in long-days were significantly heavier
than those grown in short-days (Table XIII). The heavier weight
was due to the increase in top growth while the root growth was
not significantly affected by daylength treatments. In the
vegetative stage the top weight comprised of the radical leaves
alone and in the reproductive stnge the top included runners,
lateral branches and inflorescences besides the radical leaves.
Thus it was not unexpected thattop weight of long-day treated
plants in their reproductive stage was very much heavier than
that of short-day treated plants which remained vegetative.

The contribution made by the various organs towards the total
plant weight of the long-day treated plants is shown in Table XX,
However even when the weights estimated from radical leaves and
roots for total dry weight and radical leaves alone for leaf dry
weight were considered the long=-day treated plants were still sign-
ificantly heavier than those short-day treated plants though at a
lower level of significance. The works of Friend et al (1967)

on wheat znd of Hughes and Evans (1963)on Impatiens parviflora

also showed that increasing the daylength increased dry matter
accumulation. Under long days the top growth exceeded root

growth in E. vesiculosum resulting in a decline in root: top



114

ratio (Table XVI). The result is similar to the findings of Gall (1947)

T, BLE XX

The percentage distribution of dry plant weights of long day

treated plant at 91 days after treatment

Organs Low nitrogen High nitrogen
Radical leaves 12.0 10.7
Runner leaves 6.6 8.3
Runner stems 36.6 Lz.0
Lateral branches 7.0 745
Inflorescences 490 12.0
Roots 2Lk.0 19.5

on Bromus inermis.

Leaf area was also found to be significantly affected by
daylength treatment. Increasing the daylength from 8 hours to
16 hours resulted in an increased leaf area irrespective whether
the area was estimated from radical leaves together with leaves
from runners and lateral branches or from radical leaves alone.
it 28 days after treatment the difference did not reach the 5%
significance level possibly because the interval from start of
the treatment to harvest was not adequately long enough for the
daylength effect to become evident statistically. Further there
was a initial depression caused by the high nitrogen treatment.
The result contradicts the report of Sch wabe (1957) on Xan.thium

pennsylvanium, Beta vulgaris, Hyoscyamus niger and tomato but is

in agreement with the data of Arney (1956) and of
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Gosselink and Smith (1967) on strawberry and of Friend et al (1967)

on wheat,

Daylength had a very marked effect on flowering of

E. vesiculosun, Plants grown in short days did not flower

while those grown in long days were reproductive. In the
photoperiodic control of flowering the length of the uninterrupted
dark period is one of the important factors. It is generally
accepted that the phytochrome for red (P 730) is promotive to
flowering in long day plants and inhibitory to flowering in short
day plants. The effect of short day is assumed to mediate
through the P73%0 amd P660 (phytochrome red) balance. it long
dark periods a level of P730 is established by thermal reversion of
P730 - P660 which no longer inhibits flowering in short day plants
and is too low to promote flowering of long day plants. Further
the presence of high P660 checks reactions leading to hormone
production (possibly flowering hormone or hormones) or may led

to its inactivation or destruction.

Most of the growth response to increase in daylength in
this study is similar to those reported for light intensity in
the previous chapter. The effects of daylength may mediate
mainly through changes in total radiant energy rather than the
photoperiodic effect as such. The term daylength in this
text is used as a general description without any suggestion as
to which of the factors ie. light duration, light intensity

or light quantity involved in it are caus al.

The significance of the nitrogen treatment on plant growth

has already been discussed in the previous chapter (4.2.% Discussion)
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and that of the daylength and nitrogen interaction had been dealt
in the results., It is only necessary to add a few comments.
Increasing the nitrogen level from 57ppm to 250ppm generally increased
the dry weights and the leaf arca but decreased the root: top
ratio as found in the previous chapter. 4 initial depression
of growth by high level of nitrogen was also observed which
disappeared with time. High nitrogen enhanced root growth

at 91 days after treatment; this positive effect of nitrogen

was not observed in the previous chapter probably because of

the shorter period of growth. The leaf shape expressed as leaf
length or the number of teeth per leaf was significantly
influenced by nitrogen levels which confirmed the findings

of the previous chapter although the lecaf shape was described

in terms of length: breadth ratio, Increasing the nitrogen
level from 57ppm to 250ppm increased the number of emerged
leaves per plant. This confirms the general trend observed

in the pervious chapter that high nitrogen incireased leaf

nunber (Table IX) .

The influence of nitrogen levels in flowering was
determined by a few criteria. Scoring the inflorescence
primordium after a period of time was used and was found to
be not significantly affected by nitrogen levels used in this study.
However the score indicated that plants in low nitrogen appeared
to initiate inflorescence primordia earlier than in high nitrogen.
This would lead to the expectation that the low nitrogen treated
plants would have shorter flowering time than the high nitrogen

treated ones. The use of flowering time as an index of
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flowering is subject to error. The development of primordia
to flowers is obviously influenced by environmental factors thus
a longer flowering time does not necessarily indicate latecr floral
initiation but may indicate slower development after initiation.
The staBe score system on microscopic inflorescence primordium is
more satisfactory but may still be influenced by conditions
during the development of the inflorescence primordium rather than
conditions causing induction. However the error involved may
be considered unimportant as the time period involved for the

factors to act is short.

The results of Experiment 5.1 (II) showed that the high
nitrogen treated plants had shorter flowering time than the low
nitrogen treated wherecas in Experiment 5.2 the reverse was
observed, The conflicting results of Experiment 5.1. (II)
amd of Experiment 5.2. may be caused by the different physiological
and morphological age of the plants used in the two experiments.

It is generally known that at flowering, a general internal
redistribution of nutrients is initiated. In Experiment 5.1 (II)
where young plants were used the nutrient available from
redistribution from the small number of leaves and the small root
system may be limiting the rate of development of primordia to
flowers. Thus an external source of high nitrogen would be
benefical to a faster rate of development from inflorescence
primordia to flowers. In Experiment 5.2. where much older and
bigger plants were used, the nutrient available from redistribution
from the larger number of leaves and the bigger root system is not

limiting the rate of flower 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 plants
tended to have earlier inflorescence primordium initiation it
is a recasonable assumption that their flowering time would be
shorter than that of high nitrogen treated plants. Further
investigations are necessary to confirm or refute this

explanation.

The effects of nitrogen level on the number of flowers per
inflorescence and the number of runners per plant were found
to be not significant. Way nnd White (1968) working on
strawberry plants found that the number of flowers per inflorescence
was not influenced by nitrogen treatment in his 1963 experiment but
that in the 1964 experiment nitrogen hsnd a tendency to decrease
the flower number per inflorescencec. in interesting feature
arosc from these observations. The older plants used in Experiment
5.2. had higher values for number of flowers per inflorescence and
for number of runners per plant than the younger plants in Experiment
5.1 (I) and Experiment 5.7.(II). If the promotive effect of using
older plants on these two attributes persists on further investigations
this feature may have practical implications in relation to other
plant species where higher number of flowers per inflorescence
and higher numbers of runners per plant would be an advantage.

L case in mind would be the strawberry plant.
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CHAPTER VI CONCLUSION AND SUMMARY

641 CONCLUSION

In the light of the results obtained from this study,

the following conclusicns can be drawn.

(a) Features of the plant apparently unaffected by

the three external factors under study.

(1) The total cell number, epidermal cell size
and stomatal characteristics were un-
affected by nitrogen. Leaf morphology is
measured in leaf length, leaf breadth and
leaf length:breadth ratio was also indep-
endent of nitrogen.

(ii) The dry weight of roots was unaffected by
daylength and it is little affected by
nitrogen.

(iii) The dpry weight of leaves was unaffected
by light intensity.

(iv) The number of flowers for inflorescence
and the number of runners per plant were

unaffected by nitrogen.

(b) Features of the plant apparently affected by the

three external factors under study.

(i) The total cell number, epidermal cell size,
stomatal characteristics and chlorophyll
content were effected by light intensity.

Nitrogen also influenced the chlorophyll



(ii)

(444)

(iv)

(v)

(vi)

6.2 SUMMARY
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content. Leaf length, leaf dissection
and number of leaves per plant were
effected by daylength and nitrogen while
the leaf length and leaf length:breadth
ratio were affected by light intensity.
The total dry weight and leaf dry weight
were dependent on daylength and nitrogen
whereas total dry weight and root dry
weight werc affected by light intensity.
The root:top ratic was affected by day
length, light intensity and nitrogen.

The leaf area was affected by nitrogen
and light intensity; it was slightly
affected by daylength.

Flowering was dependent on daylength
whereas the effect of nitrcgen on
flowering time was inconclusive.

The NuR, RGR 4AND LAR were affected by
light intensity; nitrogen effected the

LAR and the RGR but not the NAR.

Scome morphological aspects cf E. vesiculosum are

presented together with an account of the method of

vegetative

procedures

The

daylight),

propagation of the plant. Determination

and methods are also described.

influence of light intensity (Full 52% and 42%

daylength (8 hours and 16 hours) and nitrogen
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(57 ppm N and 250 ppm N) on the leaf anatomy and morphology
and the plant growth and flowering was investigated in a

number of glasshouse experiments.

A decrease in lipght intensity reduced the total cell
number, the stomatal frequency and the stomatal length but
increased the epidermal cell size. Leaf length and leaf
length:breadtn ratio were depressed by high light intensity.
The result of this study showed in general that, in the
whole plant and its parts, increasing the light intensity
resulted in an increase in dry weight. The HsR was greater
the higher the light intensity; the RGR followed a similar
trend but the LAR was less the higher the light intensity.
The plant showed a marked adaptation to growth in shade by
the compensating increase of leaf area with decrease in

light intensity.

Leaf anatomy was little affected by nitrogen treat-
ment, Lin increass in chlorcophyll occurred with high
light intensity and high nitrogen. High nitrogen also
increased the leaf length and leaf dissection. The dry
weight of whole plant, the leaf dry weight and the leaf
area were in general increased by increases in nitrogen
level. The LAR and the RGR were found to be higher with
high nitrogen level while no treatment effect was detected

for the NAR.

Increasing the daylength from 8 hours to 16 hours
induced flowering. Under short days flowering was

inhibited. Plants grown under long days were heavier as



122

# whole than those grown under short days. Long days
increased the leaf length, leaf disscction and root:top
ratio,

Other aspects of changes in dry weight proportions
in response to light intensity and nitrogen were also
presented. Mechanisms by which light intensity, nitrogen

and daylength might regulate growth were discussed.
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APPENDIX T

Mean Temperature and Mean Light Energy During

the Experimental Period

Experiment Date Temperature ° Light Energy
Min., Max. Averagc cal./cma/day.

Bffects of light intensity and nitrogen on:

1. Anatomy and

Morphology  27/3-22/5 14.2 24.2 19.2 174

2. Growth 23/3-2/ 16,0 26.7 21.5 204
2/% -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.h4 192

2/5 =12/5 13.3 219 17.6 146

Effects of daylength and nitrogen on:

1. Growth
Bxpt.5.1(I) 23/3-8/6 14,3 24,3 19.3 149
Expt«5.1(II) 8/7 =13/10 12.0 234 17.7 169

2. Flowering

Expte. 5.2 26/3=25/6 1h4.2 242 19.2 164



APPENDIX II

Light Transmission of Shadings 1, 2 and 3

(a) Light transmission of Shading 1 (i.es glasshouse)

measured by Eppley pyrheliometer. (Values

expressed as a percentage of the unshaded figures).

Unshaded Shading 1
(outside glasshouse) (inside glasshouse)
100 75.6
100 4.2
100 7945
100 82.8
100 80.3
100 68.5
Mean 100 76.8 + 2.1
(b) Light transmission of Shadings 2 and 3. (Values

expressed as a pcrcentage of Shading 1).

Instrument Shading 1 Shading 2 Shading 3
(*full' daylight)

EEL Lightmaster 100 5h 1 b4, 8

100 54.3 43.5

100 Sy e 41.3

100 5%'7 42,7

100 52.2 ba,2
Mean 100 52.7 + b k2.9+ .6
Eppley

pyrheliometer 100 51.0 42,1



Day

APPENDIX 1ITX

So0il Temperature under the Shadings 1, & and 3

Time

8.30
1.00
3.00
8.45
Noon
4,00
5.30

8.00

9.00

Noon

Aullle

p-m-

Pellls

Aellle

Shading 1

%0
14,0
250
2345
4.0
25.0
28.0
2740
18.0
24,0
16.0

271 o8

Shading 2

°

14.0

Shading 3

°
14.5
290
22,0
14.0
23,0
25.0
25.0
18.0
22.0
1540

20.0



Composition of Nutrient Solutions

APPENDIX IV

HIGH NITROGEN NUTRIENT SOLUTION (250 pepe.in. )

Salts
Major nutrients:
KNO

CaC >
NH!+NO3
MgSOH?HEO
NaHaPOh2HZO
Minor nutrients:

Ircon chelate

loTr
Mn50h4h20

CUSOQSHaU

H B0,
(NH,) cHo, U, HH,,C

Weight in grams/100 litres

PePellls

N57 K156
Ca160 Cl284

N193
Mg36  Sh8

Fe2.8

Mn0.55
Cu0. 064
Zn0,065
B0.33

MoO.048



LOW NITROGEN NUTRIENT SOLUTION (57 pepemsN)

Salts
Major nutrients:

KNO
3

Ga012
Mg5047H20
NaH2P042H20
Minor nutrients:
Iron chelate
MnSO#hﬂzo
Gu8045H20
Zn8047H20

H3B05

(NH4)6M070244H20

Weight in grams/100 litres

4O 4
bbb
26.8

20.8

1.84

0.223
0.025
0.029
0.136

0.,0088

PeDelMa

N57 K156
Ca160 C1284
Mg36  Su8

Na31 P41

Fe2.8
Mn0.55
Cu0.064
Zn0.065
B0.33
Mo0.048



APPENDIX V

A method used in the analysis of variance of

split plot design of total cell number

Analysis Table

Source of variation : df 88 ms F 5 Resulti
i ' : | !
Main plots | ; ]
Light 2 { 6887068 | 3443534 112,99 | * *
Blocks 3 3939321 | 1313107 | 4.95 | *
Main plot error : 6 1590250 | 265042
|
Sub plots
Nitrogen 1 146797 | 146797 23 | NS
Nitrogen x Light 372658 | 1863229 «30 | NS
Sub plot error 5682755 | 631417
! Total 23 186188#91
Table of all items: Total Cell number ( /&ma )
T BLOCKS -
Light | Nitrogen 1 V2 3 b
| T
Full Low { 5883 6657 5529 6369
High i 6192 6856 5794 5573
12075 | 13513 11323 11942
|
52% Low { 4689 5264 4069 L77
High | 6237 5352 4821 4423
é10926 10616 8890 9200
L2% Low ’ 5640 4180 3782 6414
High 1 5109 6170 4202 4401
| 10749 | 10350 | 7984 | 10815
| TOTAL | 33750 | 34479 | 28197 31957

COnt'd e e & @



APPENDIX V (contd)

28 5 ¢ Table of Light x Nitrogen: Total Cell Number (/ﬁmz)

NITROGEN
LIGHT Low [ HIGH TOTAL

: .
Full | 24438 | 2415 | 48853 ’
52% 18799 ! 20833 39632
h2% 20016 l 19882 | 39898

TOTAL | 63252 j 65130 L 128383

1a Correction: C = (128383)2/24 = 686758112

2. Total: (5883)%+ ....+(4401)% = C = 18618849

3. Main plots: (12075)°+ ....+(10815)2/2 - C = 12416639

4, Light: (48853)%+ ....+(39898)°/8 - C = 6887068

54 Blocks: (33750)%+ uu..t(31957)°/6 - C = 3939321

6. Main plot error: 12416639 - (6887068 + 3939321) = 1590250

7 Sub-classes in Light x Nitrogen tabe: (24&38)2+ ....+(19882)2/4 -C
= 7406523

8, Nitrogen: (63252)2+(65130)2/12 - C = 146797

9. Light x Nitrogen: 7406523 - (6887068 + 146797) = 372658
10. Sub=plot error: 18618849)- (12416639 + 146797 + 372658) = 5682755

IV Least significant differences (LSD)

LSDs are calculated for main plot treatments, sub=-plot treatments
and for interaction effects.

The symbols in the following formulas are:
Ea = MS for main plot error = 265042
Eb = MS for sub=plot error = 631417

T = number of blocks = &

]

a = number of main plot treatments = 3
® = number of sub=-plot treatments = 2
ta
tb

t valve for d.f. for main plot error

I

[t}

t valve for d.f. for sub-plot error.

The subscripts .05 and .01 designate the 5% and 1% levels
of significance.

LSD for differences between light means.

ta.05(6 def.) = 2.447

ta.o1(6 def.) = 3,707

LSD = ta |/2 Ba = ta /(2)(265042) = ta (257)
rp (4)(2)

LSD 05 = 2. 447 (257) = 629 cells per mm2

LSD . = 3.707 (257) = 953 cells per ame

Cont ' d - L] - L]



APPENDIX V (contd)

LSD for differences between nitrogen means.
tb.os(g d-f.) = 2.262

tb_01(9 difs) = 3,250
LSD = tb /2 Eb = tb /(2)(631417) = tb(324)
re (4)(3)
LSD 05 = 2.262 (324) = 733 cells per mm2
LSD 01 = 3,250 (324) = 1053 cells per mm2

LSD for differences between nitrogen means at the same light level.

LSD = tb /2 Eb = tb [/(2)(631417) = tb(562)

¥ L
LSD 05 = 2.262 (562) = 1271 cells per mm2
LSD 01 = 3,250 (562) = 1827 cells per -
v Coefficient of variation (C.V.)

Coefficient of wvariation was calculated using the

following formula.

c.V. = ¢ Eb x 100%

X

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

Charattoar Total cell number Epidermal cell size Stomatal frequency Stomatal length Stomatal breadth
( /mme) ( Auz) ! ( /hma) ( /u) ( /u)

Source d.f. MeSe F MeSe F MeSe F MeS, ¥ MeSe F

lain 1lots

Light 2 34435 e 11178 ’ 13441 . 348226 ’ Sek77 ns

Blocks 3 13131 * 7326 ns 4805 ns « 7426 ns 34657 ns

Main plot ervor 6 2650 2043 1428 6647 1,086

Sub plots n

Nitrogen 1 1467 ns 136 ns 2147 ns 6402 ns .060 ns

Nitrosen x Light | 2 1863 ns 304 ns 1951 ns 7558 | nse 538 | ns

Sub plnt errar 9 6314 1332 729 .2855 1253

CaVe 14.9 9.5 8.1 1.9 6.2




APPENDIX VI (contd)

Analysis of variance

Character Leaf Length (cm) Leaf Breadth (em) Leaf Length : Breadth

Source d.f, MeSe F MeSe F MeSe F

rmzin niote

Light 2 84,18 * 0062 ns 192,09 L
™locke % ﬁ Za2% ns 0167 ns 29,98 ns
Mair plot error 6 9.45 .0201 9,30

bab jlots

Nitrogen 1 ! 2.04 ns .0073 ns o352 ns
Nitwngens Light 2 1,41 ns .0223 ns 16.92 ns
Sub plot error 9 I 4,96 | 0196 ! 23.12

GaVs 1818 2236 21-9




Chloro, content on unit area (mg xﬂ(k/cma)

APPENDIX VI (contd)

Analysis of variance

~1

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
Sovrce d.f. | mese. F MeS. F MeSe F MeSe F MeSe | F MaS. | F MeSe F
Maia plots

Light 2 .01803 * .00667 * 00274 1ns +584 ns 2787 hs «1518 ns .0007 ns
Bluelks 3 .02491 f 00816 | * 00458 * 104157 ol 2.8068 p* 2,372 | * .0034 ns
Main plot error| 6 .00303 . 00091 .00074

Sub plots

Nitrogea 1 .03480 b .,01092 | * +D06T73} ** 56.730 4 21,6467 ** || "8,2908 |** .0035 ns
Nitrogen x light 2 00522 ns »00200 |ns .00077 | ns 116 ns «0311 ns « 3207 |ns 0007 ns
Sub plot =rror ? 9 00340 { 00124 .00056 24093 «6970 4973 0022

CaVs 9.4 9.5 9.k 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

42% daylight

Character Low nitrogen High nitrogen Low nitrogen High nitrogen Low nitrogen High nitrogen
Total cell mumber (/mm°) 6110 T 251 6104 + 282 4700 + 246 5208 + 392 5004 + 618 | 4971 + L4s
Epidermal cel’ area (Auz) 1104 + 36 1066 + 63 1294 + 77 1256 + 43 1287 + 145 1317 + 71
Stematal fre~uency (/mm°) 371 + 12 386 + 18 322 % 23 276 + 17 333 + 27 307 + 23
Stanatal length (/a) 28,27 + W2 28,70 + Jh2 27435 + 426 28423 + 450 27427 + 21 264,93 + 15
Stomatal breadth (/m) 19,27 + 36 18.57 + 79 17.40 + .65 1757 + o73 1737 + .61 17.60 + .59
Leaf length (om) 9.8 + 1.6 10,3 + 1.3 12,6 + .6 13.9 + 1.0 16.6 + 149 16.5 + .7
Leaf breadth (cm) 65 + .07 56 + .07 54 + JOb .66 + ,08 61 + JOh 69 + .11
Leaf length:leaf breadth | 15,0 + .7 18,6 + 1.4 233 + 9 21.6 + .9 27.0 + 2.2 26,0 + 4.6
Total chlcrouhyll(mgxﬁé&hJﬁ;.63# +.005 «711 4,063 555 +.057 +682 +.043 565 +,017 ¢590 +.031
Chloro. a (ngxné}Lma} «381 +.005 422 +.035 «330 +.034 <406 +,024 «338 +.012 «350 +.018
Calorc. o (agx?ﬁ?cmz) 253 +.005 .289 +.,028 225 +.02k <277 +.019 «228 +.005 o241 +,013
Total calor 'fﬁgx??g}mg) M2+ 40 14,62 + 133 11495 + 63 15.26 + 43 12,00 + 27 14.82 + 135

/)7' freshwt) B -
Chloro a (mgxﬂéj;g 6492 + .19 8.67 + .76 7.11 + .38 9407 + o2k 7.15 + .20 9413 + 469
freshwt)
8hloro ( " ) 4,61 + ,22 5¢95 + «58 4,84 + .28 6019 + 421 4,85 + .10 5.69 + 478
1451 + .05 1.47 +. .03 1047 £..05 | 147 .+ 403, o 1048 4,03 | 1,46 + .02

~Lhloraphyll..a. 5. Bucaiisaw i fron




APPENDIX VIII

Analysis of variance of total dry weight (mg)
Harvest { 2 3 4 5 6
Source F.f. MeSa F ‘ MeSe F |m.s. F |m,s. F m,s, F
Blocks 7 14960 L LOo76 ns 12955 ** | 19254 ns| 7201 ns
Light (L) |2 |21746 * (11206 * | 23073 ** | 45682 * [26532 *
Error (a) (k4 Lol 2115 2074 8647 4138
Nitrogen(N)| 1 1878 ns 790 ns | 21903 ** | 33227 ns |18103 **
LXN 2 7212 ns 626 ns | 1330 ns 691 ns| 3888 ns
Error (b) |21 3493 913 2095 38839 1782
6.V, 14.9% |13.8% 13.9% 38.3%  (17.8%
Analysis of variance of leaf dry weight (mg)
Harvest 2 3 i 5 F
Source D.F.| mese. F | mese F | mes. F|lmese F E.s. F
Blocks 7 | 28347 * N1630  * | 5468 ** 8578 ns | 1509 ns
Light (L) |2 7917 ns | 3294 ns | 1174 ns | 5873 ns| 2494 ns
Error (a) [14 8801 L4029 350 LLok 1909
Nitrogen(N) 1 01 ns | 7350 ns | 23366 ** | L8669 ** |14179 **
LXN 2 | 21152 ns| 476 ns 486 ns| 33259 ns| 2127 ns
Error (b) [21 7181 2794 1002 2333 670
C.V. 15.2% 16.9% 18.6% 16.0% 19.0%
Analysis of variance of root dry weight (mg) -
Harvest 2 3 4 L 6
Source _P.f. MeSe F im.s. F |m.s. F |mese Flmese F
Blocks 7 5267 * | 1037 ns 1982 ns | 2453 ns| 1299 ns
Light (L) P 14682 ** 41525 ** | 19295 ** | 56483 ** [oL9pg **
Error (a) |4 1568 844 1160 952 530
Nitrogen(NJT 1 1889 ns 1 ns 24 ns| 1469 ns| 239 ns
LXN 2 1794 ns| 818 ns 1333 * 1137 ns| 333 ns
Error (») [21 1521 238 369 1609 L1k
GV 17.8% 12.9% 12.0% 18.8% 20.2%




APPENDIX VIII (comd)

Analysis of_variance of leaf area (cmz)

Harvest | 2 i 3 e 5 6

Source id.f. MeSae F | mese F MeSe F .m.s. Flm.s. F
Blocks 2 |12086 « W5hLhs % | 2146 ** | LOL2 ns|10488 ns
Light (L) 2 23544 * 92213 * 3502 ** | 30426 **|338c1 *
Error (a) 14 2961 16067 133 2553 7049
Nitrogen (N) 1 112 ns| H83 ns| 1210 ** | 25706 **|3L603 **
LXN 2 12637 * | 1894 ns 51 ns 2474 ns| 7473 ns
Error (b) 21 2359 1060 337 1255 2698
GV, | 14 7% l6.6% 17.3% 16.2%  |19.4%

Analysis of variance of specific leaf area (ch[g)

Harvest 2 | 3 4 |5 6

]

Source Aefea] MesSe F | mes, F MeSe F MeSe F mese F
Blocks 3 856 ns| 5283 ns. | 2208 ns | 2835 ns{ 521 ns
Light (L) 2 | 64015 ** 130019 ** |58069 ** | 94359 ** 111082 **
Error (a) 6 1066 2265 1510 2025 388
Nitrogen (N) 1 pel ns (12170 ns | 5330 ns Jd ns| 500 ns
LXN 2 928 ns 845 ns | 2920 ns (5119 ns| 343 ns
Error (b) 9 2347 | 2818 1885 3360 302
c.V. 2.4% | 8.4% 7.0% 8.1% 9.0%

Analysis of variance of root : tOQiratio

Harvest 2 3 L 5 6

Source defs] MasSs F| mes. F MeSa F | m.s,. Flm.s. F
Blocks 7 103332 * 10459 ns | OL4635 ns | 00732 ns| D122 ns
Light (L) 2 26373 #4584  ** | 88610 ** | 97606 ** |15167 **
Error (a) 14 | 00947 0372 2887 00812 D130
Nitrogen (N) 1 21900 ns!| 1082 * | 78515 *+ | 57729 **| 2049 **
LXN 2 |[D3595 ns| JA470 ** | 11677 * | A5478 **| D216 ns
Error (b) 21 [.03723 0189 2146 01481 H083
GV 15.5% 11.2% 15.0% 16.4% 12.0%




APPENDIX

VIII (contd)

Analysis of variance of leaf area ratio (cma/g)

Harvest 2 3 4 5 6
Source defe| Mese Fim,s. F MeSe F|m.s. F [m.s. F
Blocks 7 545 *! 626 ns 955 ns Lt ns 26 ns
Light (L) 2 47823 ** 162035 ** |95851 ** | 21289 ** (20461 **
Error (a) 14 152 569 845 L2 31
Nitrogen (N) 1 2005 ns| 1885 * |340G&2 ** | 2680 ** 21 ns
LXN 2 1224 ns| 78 ns | 1509 ns 663 ** 1 ns
Error (b) 21 649 257 4zg 96 33
C.V. 8.7% 5.6% 6.5% 7e3% L,o%
Analysis of variance of leaf weight ratio (mg/mg)
Harvest 2 3 L 5 l6
Source Id.f.i M.Se FE MeSe F MeSa F lmese Fim.s. F
i |
Blocks 7 100132 *IDO169 ns | 0270 ns | H0083 ns|P0081 ns
Light (L) 2 | H0987 ** 10hgg3  *x | L4733 ** | 09038  ** (13736 **
Error (a) 14 | DOO34 00144 00219 H0085 00098
Nitrogen (N) 1 | DOkL56 ns [0¢258 ns | H4705 ** | D409 ** |D1942 **
LXN 2 [.00151 ns|O0394  * | pO411 ns | HO8OO  *|pD165 ns
Error (b) 21 | L0148 HO069 0613 Folok il L0081
C.V. | 8.6% 5.8% 15.2% 7.1% 4.9%
Analysis of variance of leaf number
Harvest 2 | 3 b 5 6
Source d.fe | m.s,. F {m.s. F MeSa F .m.s. Fim.s. F
Blocks 3 72 ns ‘ 283 ns 382 ns o4 ns| 3HHAO ns
Light (L) 2 FoL ns A7 ns 117 ns 417 ns{ A17 ns
Error (a) 6 43 147 94 211 39
Nitrogen (N) 1 0 ns b6 ns | 1838 * 656 ns O ns
© LXN 2 38 ns b7 ns 200 ns J7 ns J7 ns
© Error (b) 9 25 100 201 122 179
L CoV. 5.5% i8.3% 11.6% 6.3% 7 7%




APPENDIX VIII (contd)

Analysis of variance of net assimilation rate (mg/cma/day)

Harvest inter-al | 1 | 2 | 3 | 4 |5

Source ; d.f.! m.s. F' m.S. F { MeS. F] MeSe F.m.s. F
Blocks 7 118838 ns’91257 ns | 1781 ns | L3686 ns|08947 ns
Light (L) 2 |H1582 * (44885  * | 15305 ns |.18515  *|S0149 **
Error (a) 1% 120795 J11278 DB8680 03701 OL324
Nitrogen (N) 1 |D3218 ns {02128 ns | 02816 ns| H4114 ns|DO06L ns
LXN 2 |D5648 ns|20065 ns | H13616 ns | L0567 nsg|P6611 ns
Error (b) 21 193861 07293 02456 05668 I.051;37
C.V. | 45.3% | 43 0% 35.66 | 60.7% | 73.7%

Analysis of variance of mean leaf area ratio (cmz/g) )
Harvest interwval 1 2 b3 | 4 5
1 ‘

Source defej mMes. F| mese F ; MeSe F | Mese. Flmese. FV
Blocks 7 1H0003 ns|{P0003 ns .00004 ns | HOOChL ns‘OOOOE ns
Light (L) 2 |H0137 **1D0553 ** [ 0758 ** | D1478  ** 102094 **
Error (a) 14 |,00002 HO003 D0005 Folololel 00003
Nitrogen (N) L0005 ns{H0018  * | DOOK8 ** | LO3Z01 **|DO065 **
LXN 2 [,00003 nsL 00003 ns [.00002 ns | HO006 ns|HO013 **
Error (b) 21 [.00002 00003 {00003 Felololel £0002
C.V. o 7% | 5.7% 6.0% J 5.5% 3.8%

Analysis of variance of relative growth rate (mg/mg/day)
Harvest interval 1 2 2 L 5

Source defe| Mmes. F| m.s. F . MeSa Fi{m.s. Flm.s,. F
Blocks 7 |H0137 ns {00016 ns [00016 =ns | HO03% ns|LO090 ng
Light (L) 2 |D0216 ns|00017 ns |H0024 ns| HO001 ns|O0088 ns
Error (a) 14 | D00%6 D0102 00073 DHO0L2 00038
Nitrogen (N) £0021 ns|P0000 ns |HO082 ns| HO001 ns|H0020 ns
LXN 2 [DHO05H ns|£0017 ns [H0017 ns| L0013 ns|DO0156 ng
Error (b) 21 | 0025 DO0060 0025 HO04L7 H0052
C.V. | 43.3% 43, 9% 38.3% 48, 8% 64, 6%




APPENDIX VIII

Ciaracter NAR TAR RGR
(mg/cmz/day) (cmz/mg) (mg/mg/day)
Source defe MeSe F MeSe ¥ MeSa F
Blozks 7 0422 ns <0001 ns 0003 ns
wicht (L) 2 1.7366 e .0428 i .0012 *
Error 14 .0253 .0000 »0002
Nitrogen (N) 1 0140 ns 0014 | ** 0006 e
LXM 2 .0192 * +0000 ns » 0001 ns
Error 21 0050 «0000 » 0000
Harvest (H) L 6362 ¥ L0140 | ** .0032 .
HXL 8 0419 ns L0018 | ** .0005 ne
HaN L .0273 ns .,0007 | ** . 0001 ns
HXNZL 8 .0356 ns .0000 | ** .0003 ns
Error 168 .0730 0000 .0006
. ¥, 61,10% 4 ,06% 57.51%




APPENDIX IX

Means and standard errors of raw data

liach mean with standard error is from measurement of 8 blocks

Treatment

Full daylight 52% daylight L2% daylight

Character Harvest Low nitrogen :High nitrogen Low nitrogen High nitrogen ! Low nitrogen High nitrogen
Total dry weight 1 base harvest :|86.27 + 4.56
(mg)
g 143,88 + 3.02 [132.49 + 3461 115090 + 3422 | 126,72 + 2.k2 109478 + 2.81 |122.34 + 2.73
3 249,22 + 6,06 [24h.b41 + 5494 210495 + 6414 | 219,93 + 5.81 184,12 + 4,31 |204.29 + 3.27
4 350414 + 9,08 |378.15 + 8490 306466 + 5.64 | 386,09 + 7.42 270.84 + 6,18 |307.88 + 8.88
5 530430 + Be1h [592.94 + 8427 498413 + he21 | 555461 + 9.16 437.86 + He55 |475.60 + 9,53
6 854.19 + 21,64 [896.19 +Z7.49 635.43 + B.64 | 868,10 + .03 570.82 + .88 |664.63 +5.92
Leaf dry weight(mg)|1 base harvest :[45.32 + 1.55
2 61.77 + 1.17 | 53.92 + 1.40 55441 + 1426 | 564,89 + 1.52 50420 + 111 | 56.67 + 1.49
3 91.42 + 2,38 [102:35 + 3.16 102,12 + 3.34 | 106.24 + 3.23 91464 + 2,19 | 100,08 + 1,36
o 143,28 + 4,37 |193.41 + 7.22 154430 + 3.85| 205.14 + L. 47 147,24 + 3,37 | 178.65 + 5,10
5 238,46 + 6,54 [330.63 + 5,11 289,91 + D54 | 354,56 + 7.29 280,32 + D.08 | 314,56 + 7.02
6 390,44 +M.02 |449.23 + B.32 367.96 + 8.58| 560.35 + D.6h 367,72 + N,28 | 442,64 + B,06
Root dry weight(mg)| 1 base harvest :|40.95 + 1.64
2 82.11 + 2413 | 78,57 + 2.28 60.48 + 1,99| 69.83 + 1,28 59458 + 1,74 | 65.67 + 1.39
3 157.80 ; 3.83 [142,06 + 3.48 108.83 + 3.05| 113.69 + 2.90 92,48 + 2,25 | 104,22 + 2.05




Root dry weight(mg)

2

Total leaf area(ca

Specific leag crea

(em™/gm)

(mean is from
measurement of
L blocks)

Root: tom ratio
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APPENDIX IX (contd)

Means and standard errors of raw data

206.87 + 4,88 | 184,74 + 3.95 | 152435 + 2.4k | 164,63 + 3.29 ' 123.60 + 3.47 '129.23 + 4,03

260,71 + 6,75 | 262.32 + 5.24 208,01 + 4480 | 201,05 + 3.73 157.54 + 5.17 [ 161,04 5 2461

463,76 +M.92 | 446,96 + B.70 267,47 + 8441 307,75 + 8.50  |[203.10 + 2,07 |221.99 ; 8.1k

base harvest :|7.00 + .02
11.00 + .21 9.18 + .24 12,02 + .27 | 12.43 + .33 11.30 + .25 | 13,00 + 3k
16.97 + 4k | 16.97 + .52 21,95 + 72| 21.39 + .65 19.88 + .47 | 20.69 + .28
2343k + .73 | 32.61 + 1.22 30.99 + .77 | 41.79 + .91 30,95 + .71 | 41,59 + 1,19
46.21 + 1.27 | 60.2h + .93 67.35 + 2,45 | 90.13 + 1.85 71.51 + 2.57 | 78.61 + 1.75

65,79 + 1.86 | 70.13 + 2.55 79.19 + 1.85 | 110,67 + 3,88 83.36 + 2.56 | 98.49 + 4,02

base harvest :|169.3 + 7.7

178,0 + 2.9 | 170,0+ 1.4 2172 + 5.9 | 218.9 + 4.0 224.2 + 10,7 | 229.3 + 8.6
186.3 + 3.9 | 165.2 + 6.6 21542 + 7.1 | 201.8 + 7.9 216,3 + 2.0 | 208,2 + 16.8
166.9 + 8.1 | 169.4 + 5.6 201.3 + 8.2 | 203.6 + 2.5 210.0 + L3 | 233.4 + 9.1
19042 + 3.9 | 183.3 + 5.2 227.1 + 12.8 | 245.6 + 9.6 256.0 + 9.3 | 2h7.1 + 6.3
15446 + 15,1 | 151.7 + 10.2 21548 + 7.6 | 191.6 + 7.6 225.9 + 4.8 | 225.6 + 9.0

base harvest :[.908 + .027

1334 +  ,079 | 1.454 + .016 1,076 + 016 | 1.258 + 028 14177 + 4013 | 1174 + ,018
1.735 + «058 | 1.419 + ,032 1,085 + ,021| 1.091 + .02k 1.014 + ,012| 1,039 + .012
1,464 + ,018 | 1.016 + ,037 1,005 + ,019 .881 + .,010 846 + ,018 o724 + 4,012
1,124 + 011 «799 + .016 o743 + ,017 | 578 + ,015 571 £ 012 +516 + .00k
1,201 + 021 | 1.018 + .017 «723 + 4010 561 + ,008 +553 + .008 «506 + 006




Net assimilation rate

(mg/cn>/uay)

Mean leaf area =—atio
2
(em“/ng)

Relative growth rate

(mg/mg/day)

Leaf weight rstio

L 4 B N A

- RS L S A

\n I~ \d N

\nm w2

Means

APPENDIX IX (contd)

and standard errors of

raw data

7029
- 7559
5056
«5335
«5911

.0783
+0719
0679
0777
<0814

L0545
. 0545
0340
.0413
L0476

base harvest :

4318
« 3666
. 4070
4477

I 14+ 14+ 14 14

14 14 14 14 14+

I+ 1+ 1+ 14+ I+

1+

1+ 1+ 1+

0343
JOhL35
.0294
0525
.0504

.0006
. 0005
» 0004
. 0004
.0005

0025
.0033
.0020
.0040
. 0040

<0141
.0075
. 0086
.0065

6175
.8783
.5627
L4965
o bhlh

B4 14 14 14 14

.07k
L0694
.0776
.0938
. 0884

b+ I+ 1+ 14 1+

JOU53
L0616
L0440
0459
«0393

14 1+

I+ 14+ I+

«0335
0360
0363
.0238
.0390

.0005
.0006
.0012
.0008
«0006

L0024
.0031
.0032
. 0021
.0035

.5264 + ,1105

JL4o8L +
H173
5055 +
.5584 +

.0075
.0157
.0261
0143

.2713
« 5757
3965
«3987
<1929

.0940
.1039
+0999
<1179
.1292

.0256
.0601
.0388
L0471
.0248

L4834
L4821
«5011

«5769

I+ 0+ 1+ 14 1+ 0+ 14+ 1+

14+ 1+

1+

I+ 14+ 1+ 1+

1+ 1+

1+ 1+

. 0401
L0428
,0268
.0220
.0168

. 0005
. 0006
.0008
.0010
+ 0005

.0038
. 0045
.0026
.0027
0021

+0132
,0132
0134
.0165

¢ 3939
5643
4985
«2967
«2994

«0905
«0971
+ 1053

<1375
1424

.0360
L0543
.0527
L0411
.Ok2k

Y
14816

<5539
«6366

R O E o N S

1+ 14

I+ 1+ 14

I+ 1+ 14+ 1+ 14

1+ 14 1+ 01+

.0317
+0338
0230
«0130
» 0200

,0008
. 0009
. 0007
« 0009
.0008

0032
0034
.0027
.0019
.0028

.0158
L0147
.0087
«0155

. 2504
» 4900
. 3458
«3325
. 1762

+0919
« 1059
1114
«1390
« 1540

.0232
.0521
.0386
.0L62
0274

. 4601
4975
. 5448
.6384

1+ 14 14

1+

14+

I+ I+ 14+ 14 1+

I+ 14

1+ 14+

'+

1+

I+ 1+ 14

«0394
.0203
<0174
<0147
,0183

0005
.0005
.0007
.0008
.0008

«0035
. 0022
.0019
.0022
.0029

.0082
.0084
.0160
.0135

| .3685

« 5054
e 3321
+ 2960
» 1943

«0933
. 1036
.1188
« 1507
s 1558

0346
.0520
.0396
LOLL6
. 0304

L4617
14913
.£814

<6599

1+ 14

I+ 1+ I+

1+ 14 14 14

i+

1+

1+

1+ 1+

I+

1+

1+

- 1+

.0408
. 0238
.0203
<0141
0147

. 0005
« 0006
. 0007
.0006
« 0004

0038
.0023
.0024
.0022
.0023

.0106
.0083
,0109
«C 151




Leaf weight ratiu

Leaf number

(mean is from
measuremert of 4
blocks)

Instantenous leef

area ratio (cm</g)

APPENDIX IX (contd)

Means and standard errors of

raw data

(AN N e

(NN I " L

4565 + .0120

base harvest

9.3 + 5
1.8 + 3
12,8 + .3
18.0 + .8
17.3 + o8

base harvest
76.87 +.88
68,06 + 49
6775 + o51
92.12 + Uk
7551 + 72

4976

: 6.4 +

9.0
12.8
155
18.0
175

: 81.27

69,54
96.21
85.24
101.75
77.69

+ .0134

1+

I+ 1+

1+ 14

1+ 14+ 14

I+ 14 1+

o2
+0
.9

13
.0
«9

111

83
1456
.92
L

5816

8.8
12,0
14,3
17.8
18.0

104.85
103.63
100.63
134,03
125.17

14+ 14 14+ 04 I+ 14+ 1+

i+ 14

§F I

0095 |

5
o
o5
.9

«36
1.00
«95
135
o 72

6417

9.3
12.0
15.0
18.3
17.8

97.62
96,97
108.80
161.84
126,74

14+

1+ 14

1+ 14+ 14

I+

1+

I+ 1+ 1+

L0094 |;

3
.6
o7
.9
.8

1.22
105
62

1.40

J6449g

9.3
12,0
13.0

16,5
16.5

103.6¢
107.93
114,53
162.87
146.22

i

I+ 14

1+

1+ 14

1+ 1+ 1+ 1+ 14

+0099

6644

9.0
12,0
14,8
17,0
16,8

105.90
101,56
135436
164,93
147,85

1+

i+ 04+

14+ 14+ 14+

1+ 1+ 1+

1+

I+

. 0070

e
6
05
9
*5

.86

«90
45
«55




APPENDIX

X

Equations for the regression of NAR, LAR and RGR

on logarithm of the light intensity.

Harvest interval Regression equation Coef. of correltion

NAR 1 Y= .9567x - 142626 «9842
2 = 48297x - L8432 .9996
3 = J4550x - L3667 .9389
4 = ¢5313x - 5500 +9967
5 = #87953% = 1.2361 +9979

TAR 1 Y= ,1668 - ,0450x +9765
2 = 2540 - .9014x <9926
3 = ,2876 - ,1076x 9986
n = .3862 - ,150kx +9989
5 = Jh424 - ,1789x +9996

L

R6R 1 Y= ~ ,2106 + .216kx = ,O431x°
2 = = 2142 + .2878x - .0758x°
3 = = .1055 + .1704x - ,0490x°
4 = = 212k + ,2879x - ,0799x°
5 = - .5469 + .6083x - .1566x°




APPENDIX XI

A method used in the analysis of variance of factorial

design with two factors. e.g. Total dry weight (mg)

Expt 5.3 (I),

I. Analysis of variance table
Source of variation da ss ms F Result
Blocks % Lok19 | 13473 | 1,19 n.s
Treatments 2 11028818 | 342939 | 30.37 e
Nitrogen (N) 1 183310 | 183310 [ 16.23 v
Daylength (D) 1 676988 | 676988 | 59,95 "
Interaction (N) x (D) | 1 168520 | 168520 | 14,92 .
Error 9 101626 | 11292
I ifi § Table of all items
Blocks
-—f
Daylength | Nitrogen 1 2 | 3 L
Long Low 665.03% 574,28 618.11 481,05
High 944,98 960,69 | 1054.98 | 1055.53
Short Low 363,11 57217 375.08 | 203,44
High 341,26 561,40 278.91 | 367.50
Total 2314,38 | 2668.04 | 2326.97 | 2107.52
ELE Table of nitrogen x daylength
Nitrogen
Daylength Low E High Total
Long 2338,3%6 I 4015.68 6354 ,04
Short 1513,80 ! 1549.07 3062,87
Total 385216 | 5564.75 | 9416.91 |




APPENDIX XI (contd)

1. Correction: C = (9416.91)2/16 = 5542387

2e Total (665.03)2+ — +(36?.50)2-c = 1170863

3, Treatments: (2338.36)°+ u... + (1549.07)%/4 -C = 1028818
I, Blocks (2314,38)%4+ .e.. + (2107.52)°/4 =C = 40419

5. Nitrogen: (3852,16)°+ (5564.75)°/8 -~ G = 183310

6e Daylength (6354,04)° + (3062.87)2/8 - C = 6769.88

Vs Interaction: 1028818 - (183310 + 676988) = 168520

8 Error: 1170863 - (1028818 + 40419) = 101626

1V Least significant difference (LSD)

Between nitrogen means.

LSD = t /2(Ea
where t = t value for d.f. for error
Ea = mean sum error
Y = no. of blocks

q = no. of N, levels

LSD = t ¥2(11292)/8

LSD.652.262 X 53.13%3 = 120.18

Between daylength means.,
LSD = t ¥2(Ea)/rp where p = no. of daylength leve:

LSD = t V571252778

LSD_O5 = 2,262 x 53.13 = 120.18

Interaction effects (N x D)

LSD = ¢t VEIEaS?r
=t 12311292575
LSD = 2,262 x 75.14 = 169.97
005
v Coefficient of variation (C,V.)
Formula used is /Ea x 100%
X

where X is the mcan of all the values in
the analysis of variance.



APPENDIX XII

Analysis of variance of leaf length and number of

teeth per plant

Character Leaf length (cm) No. teeth/leaf
Source !d.f. MeSe F MeSe - F

Blocks 6 28,34 "4 102 e

Leaf Position (P) 2 26435 *# 1567 L
Daylength (D) 1 1987.31 L 21903 ek
Nitrogen (N) 1 76,62 b 2572 -
Interaction (P x D) 7 26451 . 1001 *
Interaction (P x N) 7 8.99 e 39 ns
Interaction (D x N) 1 43,92 s 1277 -
Interaction (P x D X N)7 2.72 ns 4s ns
Error 186 2.47 34

G.V, | 4.9 41,8

Analysis of variance of number of emerged leaves
per plant

Days after treat. 32 52 60 77
Source d.f. MeSe F MeS e F MeSae F 1 MeaSe F
Blocks 6 |1.119 ns 3.453 ns 1.833 =ns | 3.203 ns
Nitrogen (N) 1 .571 ns 7.001 * 6.036 * |14,286 *
Daylength (D) 1 143 ns 1.286 ns .036 ns |89,287 **
NxD 1 571 ns 142 ns 2.892 ns | 9,142 *
Error 18 262 .976 1.071 2,266
COVO 605 797 ?.2 9'2

=




APPENDIX XII (contd)

Analysis of variance of dry weights, root: top ratio

and leaf area (28 days after treatment)

Character Total Leaf Root Root: Leaf
dry wt. dry wt. dry wt. top ratio area
Source df| m.s. F MeSe F MeSe F | m.se. F Mes, F
Blocks 3 1283 ns 256 ns 456 ns .0165 ns 7.25 ns
Nitrogen (N) 1 7 ns 302 ns 216 ns | +0529 ns | 12,16 ns
Daylength (D) 1| 20622 * | 7386 ** | 3325 ns | .6225 ** | 92.30 ns
NxD 1| 11143 ns | 3779 * | 1943 ns | .2158 ** | 51.37 ns
Error 9 2889 617 1490 .0216 19.50
C.V. 24,3 2L,8 24,6 9.0 26.0
Analysis of variance of dry weights and root: top ratio
(77 days after treatment)
Character Total Leaf Root Root:
dry wt. dry wt. dr. wt. top ratio
Source af MeSe F MeSe F MeSe F MeSs F
Blocks 3 1347 ns 193 ns 5779 ns 0344 ns
Nitrogen (N) 1 18331 ** 14416 ** 2349 ns .0287 ns
Daylength (D) 1 67699 ** 65807 ** 134 ns | 7.0490 **
N x D 1 16853 ** 14505 ** 879 ns «1509 ns
BError 9 1129 448 2392 L0648
C.V. 18:1 19.5 19.9 21.8
Analysis of variance of dry weights, reot: top ratio
and leaf area (91 days after the treatment)
Character Total Leaf Root Root: Leaf
dry wt. | dmy. wt. dry wt. top ratio area
Source af m.s. F | m.s. F Im.s. Flm.s. F MeSe F
Blocks 6 172 ns 173 ns | 3122 ns .069 ns 416 ns
(a) 6167 ns | 6613 ns 169 ns
Nitrogen (N) 1 3315 ** | 2908 ** | 14284 ** 047 ns 10161 **
(a) 38455 ** [58655  * 2648 *+
Daylength ( ) 1 [30295 ** [18r99 ** | 1096 ns | 29.256 ** | 35527 **
(a) 8601 * |35566 @ * 134 ns
NxD 1 1218 **| 934 + 1120 ns .000 ns 1788 ns
(a) 945 ns 74 ns 50 ns
Error 18 61 1€3 992 . 105 406
(a) 1739 5957 159
CeVis, 1342 2541 16.6 24,9 24,9
(a) 14.8 26.6 26.5

(a):

derived from radical leaves and roots only.

figures in (a) rows are obtained from analysis of variance of values




APPENDIX XIII

Means and standard errors of raw data

Each mean with standard error is from measurement of 7 blocks

Treatment
Long day Short day
Character Low nitrogen i High nitrogen Low nitrogen |High nitrogen
Leaf Length(cm)
Leaf position 4 9.9 + .6 10.2 + 48 8.0 + 45 7.7 # o3
S| 11.7 + 6 12,4 + .7 8.3 + .5 8.0 + 42
6| 14e1 + o5 14,0 + 1,0 8.2 + 8 8e1 + W&
7 1508 + 1.1 1645 + o8 7.9 + .8 8.0 + o4
8| 13.4 + 1.3 16,4 + 7.6 + .8 7.9 + .6
9l 12.6 + .8 164 + 1.7 6.8 + .6 7.8 + 5
10 11,9 + .9 15.6 + 1.0 6.7 + o6 7.2 + ok
1] 10,9 + .6 15.0 + .5 6.0 + ob 742 + o3
No., of teeth/leaf
Leaf position 6 A+ 42 hob + bo3 0+ O Te1 + 46
7l 2.4+ .6 9k + 6.5 Tt + 45 3.1 + 142
8 2141 + 1.4 31,0 + 46 T+ 3 beli + 140
9 27.0 + 2.2 4342 + 445 3.3 + o8 5.0 + .7
10| 30.0 + 1.4 43,4 + 2,5 ha3 + ob 6.4 + 1.0
11 28,0 + 1.5 bib + 3.0 b9 + .8 6ot + .8
128 19.% + 1,5 3543 + 3.8 be6 + .7 6.6 + 1.0
13| 16.2 + 1.5 25.6 + 2.8 he6 + o7 7¢3 + 1.0
[
No. emerged leaves! per plant
Days after trealtment
0 base harvest|: 4.18 + .14
52 757 + 437 8414 + .26 771 + .18 7471 + 418
52 12,43 + W43 | 13.57 + 437 12414 + 459 | 13,00 + .49
60 141k + .26 14,43 + .30 13443 + 469 [ 15,00 + .31
| 77 ; 14,29 + 418 ! 14457 + 430 1671 + «75 | 19429 + 87




APPENDIX XIII (contd)

Means and standard errors of raw data

i 4]

2) excluding weights or area from leaves of runners and lateral branches

Treatment
Long day Short day
Character i Low nitrogen High nitrogen ! Low nitrogen High nitrogen
28 days after trea€ment (Mean of 4|blocks)
Total dry wt(mg) 265.94 + 36,16/320,05 + 25.21 | 267.25 + 33.35 195.47 + 84,55
Leaf dry wt, (mg) 101,86 2 13,451136.28 + 11.68| 89.63 + 14,14| 67.57 # 30,54
Root dry wt. (mg) 164,08 + 23.36|178.77 + 1he#1| 157,29 + 21.07(127.90 + 5.8k
Koot: top ratio 1,615 + .085| 1.268 + .O54| 1,777 + .085| 1.895 + 054
Leaf area (cm®) 18,45 + 2.44| 20,29 + 1.68| 17.23 + 2.72| 11.90 + .5k
71 days after treatment (Mean of 4 blocks) :
Total dry wt. (mg)| 584,59 + 39,17/D03.92 + 29.80| 378,45 + 75.50|387.27 + 21,84
Leaf dry wt. (mg) | 355.32 + 25.55|735.59 + 3474 | 140,14 + 32.27|139.55 + 30.80
Root dry wt (mg) 229.27 + 18.23|268.33 + 10.12| 238.31 + 43.37]247.72 + 30.39
Root: top ratio L648 + 044|369 + .030| 1.781 + .133] 1.891 + 4192
91 days after treatment (Mean of 7 blocks) !
Total dry wt (mg) | 2363.08 + M5.74[#68.36 + B6.04| 699.81 + 64.91/970.95 + 75.67
| (1) 847,41 + 40,14|DU5,05 + 68,67| 699.81 + 64.91/970.95 + 75.87
Leaf dry wt (mg) 603,69 + LU4,46]923,01 + 79.53| 210.72 + 21.36(299,01 + 26.ﬂ7
(2) 278475 + 21.16]358.21 + 46.22]| 210.72 + 21.32]299,01 + 26.17
Root dry wt (mg) 568,66 + 46.70{671.51 + 33.61| 489,09 + 47.96|671.94 + 55.66
Root: top ratio .+ +319 + ,032| 242 + L013| 2.369 + .182] 2.281 + .145
Leaf area (mg) 89.59 + 6.60| 143,67 + 12.38| 34,33 + 3.48] 56,45 + 4.9k
(2) { 41,37 + 3414 58.15 + 6.80i 34033 + 3.481 56,45 + 4.2#
1) excluding weights from runners, lateral branches and inflorescence




APPENDIX XIV

Mean values with standard errors, number of plants

(between brackets)of the flowering time (f.t.), the

developmental stage of the inflorescence primordurim

(i.p,) the number of flowers per inflorescence (f.i.)

and the number of runners per plant (r.p.)

{

Experiment No. Character fLow nitrogen High nitrogen
5e2 fots 91.2 + 1,0 (10) 95.4 + 47 (8)
5.1 (II) fot. 83.0 + 1.5 ( 7) 8047 + 1.5 (7)
Bl ieps (25 days)| 2.4 + 5 ( 8) 1.6 + o3 (8)

(26 days)| 3.4 + .3 ( 8) 3.2 + o4 (8)

(27 days)| 3.4 + 3 ( 8) 3¢5 + 43 (8)

(29 days)] 4.9 + .3 ( 8) be9 + .3 (8)

5.1 (1) f.i. 22,1 + 1.4 (1 7) 23.6 + .8 (7)
5.2 foi. 41,6 + 1,5 (10) 41,0 + 1.1 (8)
5.1 (II) foi, 29.7 + 9 ( 7) 2941 + 1.7 (7)
Se1 (I) TP b+ 0 (7) 3.9+ 7 (7)
5.2 YePe 5.5 + o4& (10) 5.8 + .6 (8)
5.1 (II) Tepe. 3.7 % B L7 e + o2 (7)
+ o6 (27) 21.1 + .6 (27)

1 19.9




(a)

(b)

(e)

(d)

APPENDIX XV

Analysis of variance of flowering time, number of
flowers per florescence and number of runners per plant
in (a) Expt. 5.1 (II). Expt.5.2 (b) Expt. 5.1. (I) and
(¢) EBxpt. 5.2. and inflorescence development in (d).

Flowering time No. flowers/inf.! No.runners/plft

| ¥
|

i1
Source df | m.s. F | MeSe F “T-m.s. F
Blocks |6 | 11.619 as 11,571  ns J .333  ns
Treatment|1 18.286 ns 1.143 ns L 1,143 ns
|
Error 16 18.952 i 13,476 i 476
|
GV | 543 1245 f 173

No. flowers/inf.| No. runners/pt

3 1]
Source af i mes. F ! MeSe F I
Blocks 6 | 7.119 ns .238 ns
Treatment|1 7143 ns <077 ns
Error 16 | 9.643 0238
| C.V, 3 | 11.6 12.4

1 [}
| | Flowering time {No.flowers/inf. No.runners/pt
Source Edf? MeSe F | meSe F | Mese F
-. ]
Blocks 7 1 Taah e 16.54  ns «960  ns
1
Treatment|1 | 110.25  ** 12.25 ns 250 ns
Error 7 ; .68 | 9.39 2.960
| c.v. ! 8.9 | 7.3 | 30.6
T i |
Days |1 oes 26 27 29
Source ! df; MeSa F MeSe ¥ % MeSa F ' mes. F ]
T 13
|
Blocks 7 | 1e14 ns 1.29 ns 1.28 ns .54 ns
|
Treatment | 1 i 2.25 ns «25 1ns +07 nuns o] ns
i
Error |7 | 1.m iy 0-82 .42 : .86
| | |
G ¥, ] 5247 ! 27.9 49.8 | 50.2






