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CHAPTER I

THE STUDY OF GROWTH AND DEVELOPMENT
A . INTRODUCTION

In higher plants the egg-cellis fertilized in the motherplant by the generative
nucleus of the pollen tube and thus a stage of development begins which terminates intheproduction of the seed. This seedcontains theyoungplant, which
in order to reach maturity and have the ability to produce new seeds, must go
through various stages of growth. Some of these stages are visible and can be
detected directly, while others are invisible and can be recognized only by their
externalexpression at arelatively later date.Agroup ofstagesrepresents growth
of theplantwhichisdefined as "the accumulation of drymatter and increase in
size.The other group represents thephysiological development or "the progress
towards reproduction". Although the development of plants was early considered by some investigators (SACHS (1887) and VOECHTING (1893)), KLEBS
(1918) may be regarded as the pioneer in the field of developmental physiology
of plants. Until now, many hypotheses have been postulated by different investigatorstoexplaintheroleof thedifferent environmentalfactorsincontrolling
thedevelopment of plants. Sincenone ofthesepostulationsyetisableto explain
thedevelopmentalphenomenon without gaps on ageneralbasis, additional and
moreextensivestudies seemtoberequired. It is desirableto discuss some of the
work in the field of developmental physiology in order to see to what extent
the course of development is influenced by the different environmental factors.
KLEBS, according to WHYTE (1946), in his research on Sempervivum funkii
recognized three separable developmental stages.
1. The iipeness-to-flower, a qualitative phase not recognizable morphologically, isregarded asa result ofintensive C-assimilationwithactive transpiration
andrelativelylimiteduptakeofnutrient salts.Thisripeness-to-flower is favoured
by highlightintensity, provided thelight energyisprimarily usedfor increasing
thecarbohydrate content oftheplant. Moreover, theimportanceof temperature
inrelation tolightisemphasized,especiallyitseffect ontherate of dissimilation.
2. The formation of flower primordia which would appear to be dependent
upon light. It was found that with continuous strong light several days must
elapse before primordia appear. It has also been demonstrated that the red rays
stimulate the onset of flowering under both weak and strong light. The blueviolet rays, on the other hand, hinder the process and ultimately cause a reversion oftheripe-to-flower condition.
3. The formation of the inflorescence was found to be also dependent on
light.In thiscasethelightintensity required ishigher than that necessary for the
initiation of flower primordia.Itwas further stated that the formation of the inflorescence can also proceed even in the dark provided that the temperature
appliedisrelativelylow.In thiscasetheformation offlowersisvery poor.
LYSENKO(1935) formulated his theory of phasic development of annual seed
plants.Themainpointsinthistheory canbesummarized asfollows :
1. He distinguished sharply between growth and development. The former is
considered asthe total of quantitative changes which cause increase in the mass
orvolume oftheplant.Thelatter,ontheother hand,isthetotal ofinternal qualitativechangeswhichleadto reproduction.
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2. The individual phases which proceed during development, may take place
without being associated with any morphological changes. On the other hand,
when certain conditions are available the developmental phases are expressed
morphologically.
3. In the development of some annuals and biennials a definite sequence of
phases is observed viz. a thermophase and a photophase. This means that the
qualitative changescharacteristic ofthephotophasecantakeplaceonlyafter the
vernalization phase,and not before, orevenduring it.
4. Concerning the factors required, it is concluded that for each phase a
certain setoffactors, determined bythenatural conditions and properties of the
plantinquestion, isnecessary. Moreover, topassthrough thedifferent phases of
itsdevelopment, thesameplantrequires different setsofexternal factors.
KOPETZ (1936,1937)has offered a theoretical interpretation for the relationship between thevegetativegrowth, thedevelopment oftheannual plant and the
environmental factors prevailing during the year.In principal, KOPETZ hypothesisasmentionedbyWHYTE(1946),follows onfrom HARDER'Sstatement,thata
plantrequiresuptothetimeoffloweringacertainminimumtimeofdevelopment,
whichremainsconstant fortherace.KOPETZhasformulated histheoryasfollows.
1. A phase of pure vegetative development 'Vr' must be ended before the
plant canproceed to reproductive development.
2. If any inhibiting factor is present after the first phase is ended, the plant
willcontinueitsvegetative growth; this additional period ofgrowth isknown as
the luxury vegetative development 'Vf which in fact can vary between nil and
maximum. Thus, the total vegetative growth period ' V = V r + Vf isdependent
upon the time at which the favourable conditions for reproduction are present;
i.e. 1. if the favourable conditions arise sometime later, after 'V r ' iscomplete it
must be expected to increase;2. if the favourable conditions are present before
or during 'V r ', the plant must continue its vegetative growth until another
period of favourable conditions is reached; 3. if the favourable conditions are
present just after 'V r ' is ended, thus 'V' is equal to 'V r ' which means optimal
progresstowards reproduction.
It isofspecialinteresttonotethat amongthesedifferent views,somepoints of
agreementcanbe recognized.
In the first place, there was a general agreement on theexistence of the developmentalphasesthroughwhichanyplantmust gobefore proceedingtowardsits
sexualreproduction. Secondly, it was agreed that some ofthese phases could be
fulfilled within the plant without any morphological expression. Lastly, the influence of the environmental factors on different phases of development may
change according to the factor or the group of factors that prevail during a
certain phase.
The question arises to what extent growth and physiological development of
the plant are influenced by the change of the environmental factors. In this
respect, the environmental factors can be divided into two groups; decisive factors (temperature and photoperiod), and accessory factors (light intensity, light
quality, water, nutrition, oxygen, etc). Generally, all factors have an almost
equaleffect on growth. On the other hand, physiological development of plants
ismainlycontrolled bythetwomajor factors mentioned above.
Some effects of temperature, light, and nutrition on the growth and developmentofsomesubtropicalandtemperatevarietiesofwheatarethemainobject of
this study.
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B . REVIEW OF LITERATURE

1. Growth and development as influencedby temperature. The effect of temperature on growth processes and physiological development in plants is rather
complicated, especially when other factors (light, nutrition,... etc) are considered. In some cases the interrelation between temperature and other factors may
be useful in differentiating between different rate limiting processes by their
temperature responses. This is demonstrated in the photosynthetic process. At
highlightintensitiesandoptimal C 0 2 concentration theeffect oftemperature on
photosynthesis isthat upon a chemicalprocess,at lowlight intensities and optimalC 0 2concentrationtheinfluenceoftemperature isthatuponaphotochemical
process. At low (limiting) C 0 2 concentration the effect of temperature can be
interpreted on the basis of diffusion and solubility of C 0 2 (VAN DEN HONERT
(1928)).
Although the effect of temperature on plants was considered in different studies, the reviews on this subject are very few. This isdue to the fact that in most
studies the temperature was not a major factor. In the following review, the
effect of temperature in relation to growth and development will be primarily
considered. However, it is desirable also to quote some of the fundamental
effects oftemperature onmetabolicandtranslocation processesinhigher plants.
The differential effects of temperature on respiration and photosynthesis are
well established. In their experiments with bean leaves, HEWITT and CURTIS
(1948) found that the respiration loss of dry matter and carbohydrates from
leavesincreasedprogressivelywiththeincreaseintemperature whenplantswere
heldinthedark at4°, 10°and20°C.Thismayindicate whymanyplants produce
a more vigorous growth in the temperate regions than in the tropics. This was
confirmed by WENT (1953),who reported that at lower temperatures theratio of
photosynthesis torespirationisover 10,whileathighertemperatures respiration
isincreasedrelativelymore,andlowphotosynthesis/respiration ratiosare found.
Inthisrespect,lightintensityisundoubtedly ofmajor importance.
Concerning the sugar content of plants, the temperature seems to be of great
importance. ThiswasprovenbyARREGUINand BONNER(1949)whoshowed that
the hydrolysis of starch in potato at low temperature can proceed successfully,
while at higher temperatures, thewhole process isinhibited as a result of Phosphorylaseinhibition. Withcarrots, CURTISand CLARK (1950)(p.679)stated that
atanymoisturecontent, thesugarpercentagevariesinverselywith temperature.
WASSINK (1953), working with Helianthus tuberosus and H. annuus came to
the conclusion that the temperature curve of starch hydrolysis mostly shows a
pronouncedmaximumatabout0-3°C,aminimumaround 10°C,anda renewed
increaseattemperaturesabove 15°C.
A factor which sometimes is of considerable physiological significance isthe
temperature effect on the translocation of metabolic products within the plant.
In their experiments, WENT and HULL (1949) working with tomato, showed that translocation decreased with increasingtemperature from 2°Cupwards.
WENT (1953) ascribed the low optimal night temperature for many plants to
a Q 10 less than 1for the process of translocation of photosynthetic products.
ExperimentsofHuLL(1952)inwhichC1*labelledsucrose was applied to tomato
and sugarbeet leaves, indicate an equal or greater translocation at lower temperatures.BOHNINGetal.(1953)workingwithtomato,however,concludedthat Q 10
forcarbohydratetranslocationintherangeof 12°and24°Cwasapproximately 1.5.
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The effect of temperature on the growth of cells,tissues or whole plants, was
studied by some investigators. CHAO and LOOMIS(1947) stated that cell growth,
especially cell elongation has a high Q10 which indicates that this process is
controlled by a chemical reaction. HAMILTON (1948) has demonstrated that in
Avena sauva the differentiation of shoot-tissues occurs much earlier in plants
grown at28°Cthan at 16°C. Healso noted that the usualpattern of growth was
observed at the lower temperature, while at the higher temperature rapid maturation of tissues and internodal cells occurred. This resulted in narrower leaves,
shorter internodes, fewer adventitious roots and tillers, and inhibited panicle
initiation. In their experiments with hyacinth and tulip HARTSEMA, LUYTEN and
BLAAUW (1930) and LUYTEN, VERSLUYSand BLAAUW (1932) showed that during
the development of these plants different optimal temperatures follow each
other. This isdue to a succession of morphological and physiological processes,
eachwithitsown optimal temperature.
It follows from that mentioned above that biochemical reactions and most
biological processes are accelerated by increasing the temperature within a
certain range, which differs according to the nature of the reaction or process.
However, in some annuals and biennials, a certain quotum of low temperature
seems to be required in order to induce or accelerate flowering. The capacity of
the plant to respond to low temperature appears in the developing seed just
after fertilization takes place.This capacity is progressively lost with approachingdormancy.In winter cereals lowtemperature isrequired when the dormancy
oftheripe seedisbroken and germination begins.Ifgerminating seedsof winter
wheat are kept at low temperature for some time, the resulting plants will
flower much earlier than they otherwise would have done and may be used as
springwheat. Thisistheprocess of vernalization (jarovization) which commonlyis defined as the treatment of seeds before sowing, by any technique designed
to hasten the flowering of plants to which such seeds give rise. The possibility
of inheritance of this new character has been the cause of conflicting ideas,
which are beyond the scope of this study.
The vernalization process has also been successfully applied to non-cereal
plants, such as mustard, lettuce, red clover, etc. The process also could be
applied to different stages and different parts of theplant. GASSNER (1918)at an
early date showed this by vernalizing wheat seedlings. Excised whole embryos
on artificial media were vernalized by GREGORY and PURVIS (1938). PURVIS
(1940) vernalized fragments of winter rye, consisting of the stem apex and leaf
initials grown on an agar medium.
The practical application of the vernalization technique was first established
byRussian agronomists asfully describedintheBulletins ofthe Russian Bureau
of" Genetics (1933-1935). MCKINNEY and SANDO (1933) published an English
account ofthetechnique whichbecause ofitsimportance, isgivenina shortened
form as follows: 1. Soaking the seeds in order to induce slight germination in
the embryo.2. Chilling the seedsat a temperature slightly above freezing point
(0.5-1°C). 3. For complete vernalization, six weeks of chilling are required.
4. The importance of aerating the seeds during the chilling period has been
emphasized.
GREGORY and PURVIS(1936)wereabletovernalize theseedswhileattached to
the mother plant, thus avoiding the difficulties of continuous loss of moisture.
In this connection, LYSENKO (1928) was the first to claim that successful vernalization is possible provided that moisture content of the seeds during the
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chillingperiod isnot lessthan 55 % ofitsair dryweight. Concerning the chilling
temperature and its duration, there was a big range of differences in the technique used by various investigators, according to their aims in the experiments
conducted and the plants used. In a previous review of the author (1951) some
of these differences have been reported.
It is of special interest to note that GREGORY and PURVIS (1936) demonstrate
that devernalization of seeds occurs at relatively high temperatures; furthermore, theyproved thepossibility ofrevernalization whendevernalized seeds are
again kept under conditions suitable for vernalization. In 1938they also showed
the importance of oxygen during the chilling period, demonstrating that seeds
cannot be vernalized in nitrogen even when given all favourable conditions of
water-content and temperature.
In order to explain the effect of low temperature on the flowering of winter
annuals and biennials,according to SAID (1945) it was first suggested by MAXIMOV (1931) that a hormone-like substance in the endosperm of seeds retards
reproduction. This substance could be destroyed by vernalization. Another
suggestion which was offered by DEMOKOVSKII (1932) and later supported by
SAPOZINIKOV (1935), is that the vernalization effect is caused by increasing the
activity oftheenzymatic systemintheembryos oftheseeds.In their experiments
with winter rye and other plants PURVIS and GREGORY (1937) (see GREGORY
1948) have suggested that a substance 'B' is produced autocatalytically from
the precursor 'A' in a reaction which is accelerated by low temperature. After
they had discovered the processes of devernalization and revernalization they
amended their scheme, and in 1952 formulated a new scheme.
E (leaf promoting substance)

t

A ^ t A 1 - > B ^ t C - > D (flower promoting substance)
In thisformula A ^ A 1denotes a reversible reaction which is controlled by
temperature, while (B) is considered as the first stable product. The reaction
B;züCdepends on darkness and light.It was assumed that in summer varieties,
B is already present. LANG and MELCHERS (1947), working on the biennial
Hyoscyamus, have offered a new suggestion, which in fact does not differ much
from that of PURVIS and GREGORY. However, their interpretations for the
reactions were significantly different.
Precursor -> Thermolabile intermediate product -> End product
)/ m
They assumed that the reactions I, II, III have normal positive temperaturecoefficients, but that the temperature-coefficient of the destructive reaction III
is greater than that of the other two. Thus, at intermediate and higher temperatures the intermediate product is removed by reaction III and no substrate
is available for reaction II. This also explains why at very low temperatures
vernalization does not take place. MELCHERS (1952) states "compared with
the excellent agreement between the two schemes the question whether the
intermediate product (A1) is destroyed or is reconverted to the precursor (A)
appears to me to be of minor importance".
The diurnal differences between day and night temperatures in relation to
growth and development inplants,alsohavebeen studied. "Thermoperiodicity"
isthetermgivenbyWENT to explain theresponse of plants to cyclic temperature
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variations. Although the annual thermoperiodicity is of great importance for
the development of many deciduous trees and other plants of the temperate
regions, the diurnal thermoperiodicity isnot yet generally accepted as essential
to the development of plants. However, WENT (1944), working with tomato
showed that thermoperiodicity is due to the predominance of two different
processes, the first process takes place during the day and requires relatively
high temperatures, while the second takes place during the night and requires
relatively low temperatures. From other work which has been discussed, it was
suggested that thermoperiodicity is a general phenomenon in higher plants.
DORLAND & WENT (1947)alsohaveshown that the optimum night temperature
for stem elongation of chili pepper plants gradually decreased from 30°C to
8.5°C as the plant progressed to maturity.
The influence of night temperature in relation to light intensity was studied
by WENT (1945) who stated that in young tomato plants the optimum night
temperature was shifted from 26°C to 8°C when the light intensity was decreased from full daylight to 200 foot candles. ROBBINS (1946) claimed that
higher day and night temperatures could be tolerated during summer, owing
to the higher light intensity. During winter, the night temperature should not
exceed 13°-16°Cowingtotheeffect on carbohydrate depletion. Itis of interest
to note that VANOVERBEEK(1948)haddemonstratedthatunseasonable flowering
was induced in pineapple - Red Spanish variety - by lowering the minimum
night temperature during late summer to a value approaching minimal winter
temperature. He put forward the idea that the path by which low temperature
causes flower formation in the pineapple, is via the organic acid and auxin
metabolism.
WASSINK and WASSINK-VAN LUMMEL (1952) have investigated the influence
of night temperature in relation to light intensity upon the flowering of Iris,
var.Wedgwood.It was concluded that high night temperatures speed up development by accelerating synthetic processes which go on in the dark.
BANDURSKI et al. (1953) studied the effect of night temperature on tomato
plants. They observed that the decrease in leaf colour at high night temperature
was due to changes in leaf anatomy, leaves growing at 4°C being compact with?
a minimal cross section of intercellular spaces. HIESEY(1953), workingwithPoa
ampla and Poa compressa proved that the effect of night temperature on
flowering, stem development, and leaf proportions, is of a quantitative nature.
2. Growth and development as influenced by light. Since the time INGEN
Housz showed that light is necessary for the evolution of oxygen by plants, a
phenomenon which as such was discovered before by PRIESTLEY, the literature
concerning various effects of light on different organisms, especially higher
plants, has become vast.Thus,an attempt to givea complete review of thisfield
cannot be entirely successful. The following references contain a more or less
extensive dicussion ofliterature; BURKHOLDER (1936),WHYTE (1946), MURNEEK
and WHYTE (1948), PARKER and BORTHWICK (1950), CURTIS and CLARK (1950),
STOLWIJK(1954), WASSINK and STOLWIJK(1956). In order to keep to the subject
of our study in the following review, growth and development as influenced by
day-lengthwillbetaken mainlyinto consideration.
Although the term photoperiodism was first used and the phenomenon practically demonstrated by GARNER and ALLARD (1920),yetaccording to MURNEEK
and WHYTE (1948) formative effects of diurnal length of exposure to natural
light or artificial illumination have been observed or at least mentioned by
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several investigators previous to the discovery of photoperiodism. However,
two important results could be derived from the experimental work of GARNER
and ALLARD: the first isthat thechange in relativelength of day and night isthe
decisivefactor controlling the flowering of many plants, the second result is the
possibility of modifying photoperiodism in plants by changing their environmental factors, such as temperature, light intensity, nutrition, etc. The fact that
plants may require different photoperiods for inducing different phases of their
development renders the classification by a more or less definite photoperiodic
reaction (short-day or long-day) unsuitable. In this connection EGUCHI (1937)
concluded that there aretwo stagesinthecourse of flowering: thefirstbeing the
stage of bud differentiation, and the second the stage of flowering, each of them
requiring different photoperiods. On this basis, he offered his classification, in
which nine photoperiodic types of plantswere distinguished. WELLENSIEK et al.
(1954) mentioned that if the induction and realization phases of flowering are
favoured by different circumstances, one could understand the phenomenon of
long-short day and short-long day plants. They further stated that, if induction
only is considered, one may expect to find only short-day and long-day plants.
It is of special interest to note that flowering of Perilla (a typical qualitative
short-day plant) could be also induced under long-day conditions provided that
the light intensity is relatively low. This supports WELLENSIEK'S idea that the
qualitativephotoperiodical action doesnot exist.
The modifying effects of temperature, light intensity, light quality, nutrition
and other environmental factors on photoperiodic response ofplants have been
studied by different investigators. However, many controversies among the
results have been observed, a fact which is largely due to different techniques
and also to the difficulties which arise from eliminating variations in environment.
GARNER and ALLARD (1931) stated that temperature hasa profound influence
the piioU nodism of plants. This fact was later supported by many intigators.Working with the short-day plant Xanthiumpennsilvanicum, MANN
- '40) stated that at 30°C a maximum rate of photoperiodic response resulted
Lter 5hours exposure, while at 10°Cthe maximum isnot reached until photoperiods of about 15 hours are used. The word photothermal induction was
suggested by OWEN et al. (1940) to designate the induction of flowering by
both light and temperature. However, the combination of photoperiod and
temperature as a factor influencing flowering has been proven before by
CHROBOCZEK (1934) in his experimentswithbeets.Thisfact wasconfirmed later
by CURTIS and CLARK (1950),who stated that too high or too low temperatures
may counteract the tendency of the proper photoperiod to induce flowering.
They added that after flowering has been initiated, or the induction period has
passed, the rate at which the plant reaches the flowering condition is favoured
byhigher temperatures.
Concerning the effect of light intensity on the photoperiodic reaction of
plants, there is evidence that, as far as the flower initiation is concerned, light
intensity itself is of minor importance.This wasreported earlyby KLEBS(1918)
who noted that the stimulation of flower initiation requires, under continuous
illumination, a lower light intensity than the growth and emergence of the inflorescence. On the other hand, SCULLY and DOMINGO (1947) stated that both
lightintensity and photoperiod are effective in theformation of floral primordia
in certain varieties of the Castor bean (a long-day plant). Differences in total
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radiant energy did not show any significant effect as does thedifference in daylength, in both Xanthium and Biloxi soybean. In this connection, PARKER and
BORTHWICK (1950)concluded that active photosynthesis is indispensable in the
photoperiodic response,through itseffect ontheplant as a whole.Thusthe products of photosynthesis are essential for flowering as wellasvegetative growth.
In many plants flowering could be induced even in complete darkness, provided enough storage material was present, or sugar was supplied. In fact the
long-day plants as well as the short-day plants could be induced or inhibited to
flower, when photosynthetically active light was given for a short daily period,
provided that it is extended by supplementary light at a very low intensity,
showing that duration of illumination rather than light intensity is a factor of
significant effect in flower initiation. It seemsofinterest that CURTISand CLARK
(1950) stated that after the induction phaseispassed, highlightintensity as well
as longer duration of illumination become effective in shortening the time to
flowering. We may conclude that light intensity is not as significant afactor in
inducing flowering as it is in flower development and fruit production.
When a long night period isinterrupted byexposure to light, this may lead to
flowering in long-day plants and to the suppression of flowering in short-day
plants, provided both types were previously kept under short-day conditions.
Moreover, therate ofinduction had beenproven to beinfluenced bylight intensity aswell as by duration of exposure. WELLENSIEK et al.(1954)have concluded
that the possibility of a photosynthetical action of light interrupting the dark
period isnot generally accepted, but cannot beexcluded from the available data.
As to the action spectrum of photoperiodically active light, RASUMOV (1933,
1941) has demonstrated that all the regions of visible light are effective in
delaying flowering in short-day plants. If used for a short time duringthe night
period, yellow, orange and red weremost effective. Similar resultswere reported
by KATUNSKY (1937), who showed that the order of effectiveness of various
spectral regions was: red, yellow, orange, blue and green. K L ^ ^ N I » (1-943)found that radiation from any part of thevisible spectrum influenced the photoperiodic reaction.The intensities required, however,varied from one region to
another. WITHROW and BENEDICT (1936), WITHROW and WITHROW (1940),
PARKER et al. (1946, 1949), PARKER and BORTHWICK (1950) and BORTHWICK
et al. (1946, 48, 50) have shown that two regions have a maximum effect on
flowering; a narrow one in theviolet near 400m//j,and the other a broad one in
the orange-red, extending from 560-720m/fx.It is of specialinterest to note that
the energies required to induce spike formation and stem elongation in some
long-day plants were of the same magnitude as those required to prevent floral
initiation in short-day plants under closely similar experimental conditions.
WASSINK et al. (1950, '51,'52), STOLWIJK (1952, '54) published the results of
experimentsinwhichlightofdifferent wavelengthswasgivento theplants,either
during thewholephotoperiod or assupplementary light ofrelativelylowintensities. They concluded that especially concerning the primary morphogenetic
effects, two different reaction types prevail; a response to the spectral region
between 520-700 m/fi with much less effect of blue and infra-red, while other
plants or other phenomena inthe sameplant showed the oppositereaction type.
Theseresults obviously support thoseproducedby FUNKE(1936,37,38,39).The
difference with FUNKE and also withtheearlywork of BORTHWICK etal. was that
WASSINK and his collaborators demonstrated the definite infrared effect. They
also showed that this effect can be inhibited in Cruciferae by simultaneous or
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subsequent exposure to red or green supplementary light, see STOLWIJK(1954).
There isevidencewhich indicated the importance ofthe blue-violetend of the
spectrum for normal growth of the plants. This was established early by POPP
(1926), who claimed that for normal vigorous growth blue light is essential,
and its absence brings on conditions similar to those obtained when plants are
grown indarkness, or ataverylowlightintensity, having long and weak stems.
In the experiments conducted by WASSINK et al. (1952),it has been proven that
plants grown under continuous yellow and red light wererelatively more elongated than those in the blue region, while the dry weight relations were as
to be expected from theamounts ofquanta supplied.
Asto the action of pigmentsin relation to different photoperiodic reactions,
PARKER and BORTHWICK (1950)havestatedthatinthephotoperiodically reactive
plant, a photoreceptor exists absorbing far less inbluethan in red,contrary to
what is found in photosynthesis, in which theefficiency per unitincident energy
of red is equal to that of blue. The mentioned authors and HENDRICKS (1953)
stated that thereceptivepigment mayberegarded asrelated to phycocyanin.
BORTHWICKetal. (1952) have supported the idea that a photo-receptive system consisting of twopigments a "red absorbing" and an "infra-red absorbing"
one, is present in various plants. These authors assumed a photochemical
equilibriumwhichwould beindependent ofthelightintensity. In this connection
STOLWIJK (1954) has concluded that "When most of the quanta are absorbed
bytheredabsorbingpigment,thereactionwillproceed into thedirection induced
by red light. If, on the other hand, the infrared-blue absorbing pigment receives
more quanta, the reaction willproceed into the 'infrared' direction". For more
details, see WASSINK and STOLWIJK (1956).
In this review it is rather important to quote, as briefly as possible, the main
points of different hypotheses which attempt to explain the mechanism of
photoperiodism. The plants can be divided into two main groups with respect
to their photoperiodic response in relation to flower initiation. The first group
requires a minimum daily photoperiod without which the plants remain vegetative or at least their flowering issignificantly retarded, while the second group
requires a minimum uninterrupted night period without which flowering does
not occur. The last part of the scheme offered by PURVIS and GREGORY (1937,
1952) describes the effect of day length on the development of winter cereals by
way of a stable substance 'B' which under short-day conditions produces a
substance 'C' from which the end product 'D' is produced under long-day
conditions. On the other hand, if the plant remains under continuous short-day
conditions, 'C' accumulates maintaining an equilibrium with 'B'. In his
investigations on the photoperiodic induction of short-day plants HAMNER
(1942) suggested the existence of two substances 'A' and 'B'; the formation
of the first isinfluenced bylight intensity, while the second substance reacts in a
dark reaction and is influenced by temperature. He further suggested that by
combining the two substances, a flower initiating hormone 'C' is produced.
Light

A

Dark

B

VAN DE SANDE - BAKHUYSEN (1951) offered a suggestion rather similar to that
of HAMNER. The main difference is that BAKHUYSEN suggested that from the
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combination of 'A' and 'B' two substances could beproduced, according to the
length of the dark period; the first substance 'AB' which is light sensitive and
the second 'BAB' which is light stable.
In a recent paper by WELLENSIEK et al.(1954),it has been stated that the products of photosynthesis may be considered necessary for flower initiation,
rather than chemical reactions between substances such as 'A' and 'B'. They
further suggested that flower formation is mainly controlled by the balance
between thephotosynthetic products and theremoval ofaninhibitory influence.
Thereisno doubt that the last process can be induced within the plant under
optimal conditions of temperature and day-length. The authors suggest that
the inhibitingeffect isconnected with theauxin level.
Asearlyas 1937,BÜNNINGhad offered a rather different theorywhichisbased
on the assumption that rhythmic processes exist in the organism, the period of
which can be determined. Concerning photoperiodism it has been stated that
the effects of light on the process of flowering depend on what phase of endogenous rhythm the plant is in, when it is illuminated. That phase of the
internal rhythm in which light promoted flowering BÜNNING calls the "photophilicphase". The phase in which lighteither has no promoting effect or evenis
inhibitory, he calls the "scotophilic phase".Thistheorywasstrongly supported
by MELCHERS (1952) and experimentally substantiated by CARR (1952) who, in
hisworkwithKalanchoegrown under a 72hrscycle,was able to produce curves
in which the phases proposed by BÜNNING were rather obvious. As was stated
by CARR, theimportance of BÜNNING'S theory is that it canexplain theeffect of
daylengthonboth long-day and short-day plantsinauniform way.
3. Growth and development as influencedby N-concentration. Since the relation of the nitrogenous content of green plants to flower initiation and flower
development had been studied by many investigators, many attempts were
made to showa quantitative correlation between the nitrogen and carbohydrate
content of theplant and itsprogress towards reproduction. However, the results
produced by different investigators did not always agree. This is largely due to
differences insolutions usedand intheir concentrations, and differences in plant
material (stems, leaves, whole plant, etc.) used for analysis, plant age, and
different types of chemical determinations. In this respect, it is preferable to
carry out theplant analysis at different stages of growth for comparative study.
The importance of the C/N ratio,the value of which varies directly with the
conditions of the plant, was first noted by FISCHER (1916) who claimed that a
high C/N ratio favours flowering while a relatively low C/N ratio is suitable for
the vegetative growth. KRAUS and KRAYBILL (1918) and KRAUS (1925), in their
experimentswiththetomato whichwassubjected tovaryingamounts ofnitrates,
could establish a fairly constant relationship between the N-content of the
plantanditsvegetativeandfruiting behaviour;strongvegetativegrowth appeared
to be correlated with high nitrate conditions. On the other hand, when nitrate
was restricted, the plants were lessvegetative, carbohydrates accumulated, fruiting at first increased and somewhat later fruit-setting ceased and even the
differentiation offlowersstopped.However,CAMPBELL(1924)wasableto demonstrate that the nitrate-nitrogen content of some weeds was relatively high just
before blooming, and zero at full maturity. STEELE, (1949,p.300) has reported
that the changes in the carbohydrate/nitrogen relationship in the tissue of the
plant are effective in producing two types of growth. A vigorous growth with
little flowering is favoured by a low ratio, while a high ratio generally gives a
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gooddevelopmentofthereproductivetissues,inspiteofthefactthatfor flowering
and fruit-setting the availability of nitrogenous compoundsis required.
Concerning the oppositepoint ofview,ARTHUR et al. (1930) haveproved that
no relationship was found to exist between C/N ratio and flowering in either
long-dayplants (radish and lettuce)or short-dayplants such as Salviasplendens.
It isofinterest to note that the C/N ratio could bechanged byother factors such
as light intensity and light duration. PARKER and BORTHWICK (1939), working
with Biloxisoybean,concluded that,although differences occur in nitrogen and
carbohydratecontent under different photoperiodic treatments,these differences
do not seem to have any direct causal relation to induction of flowering.
According to MURNEEK and WHYTE (1948), CAILACHJAN(1944)concluded that
the development of the plant from the vegetative to the reproductive stage is
not decisively influenced by variation in the mineral nutrient solution. He also
observed that it had no influence on a plant's reaction to nitrogen whether it
belonged to the short orto the long-daygroup. Furthermore he alsorefuted the
idea that a large increase in nitrogen nutrition prevents plants from entering
the reproductive phase. Accordingto CAILACHJAN, plantsaredivided into three
groupswithdifferent nitrogen requirements.
WITHROW (1945), working with various long-day and short-day plants, has
concluded that nitrogen is not a determining factor in floral initiation, as are
temperature and photoperiod, but that the time at which visible buds appear
could be altered in some species bychanging the nitrogen supply. This was confirmed to some extent by CROCKER (1948), who showed that the day length
rather than the chemical composition or C/N ratio, determined the flowering of
all photoperiodically reactive plants, while alsoin day-neutralplants, flowering
occurred over a wide range of C/N ratios. It is of special interest to quote here
that, although it hasbeen cited on many occasions thatchanges intheC/N ratio
within theplant causeitto shift from onephasetoanother, abigmassofevidence
still opposes thisview. However, the effect of C/N ratio in connection to flower
development and fruit formation is not denied. DEATS (1925) noticed that the
amount of starch present in the stems of tomato plants, was directly proportionaltothelengthofday.Thusheconsideredthatthedaylengthmight influence
the form ofplant development bychangeintheC/N ratio.Nevertheless,the fact
that the plant, under suitable photoperiod, could flower over a wide range of
C/N ratios, makes this consideration unreliable.
The influence of nitrogen on growth was studied by various investigators.
WITHROW (1945) showed that in both short and long-day plants, abundant
nitrogen generally produces, taller and heavier plants. When both types were
grown under long-day conditions, plants were relatively taller than those grown
under short-day conditions, provided they all had the same nitrogen supply. It
was also demonstrated that limitation of nitrogen has a marked effect on the
anatomy of thestem. LOUSTALOTand WINTER (1948)showed that alow nitrogen
level has a marked depressive effect on the growth of seedlings of Cinchona
ledgeriana, but a statistically significant difference between plants receiving 18
and 81 p.p.m. of nitrogen was not observed. In this respect, WALLACE (1951),
dealing with cereals, noticed that with relatively low nitrogen, dwarfed thin
shootswithpaleleaves,fewtillers,and poor earsare produced.
There is also a big mass of evidence that root/top ratio could be affected by
changing the amount of nitrogen supplied to the plants.As far as it is known to
the author, REID (1924)wasthe first to show that available high nitrogen supply
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could furnish favourable conditions for shoot growth, provided sufficient carbohydrate was available, while low nitrogen supply favours root growth. This
was later confirmed by WEISMAN (1950), who concluded from his experiments
on wheat that, when nitrogen was lacking, there was a significantly greater root
and a decreased shoot elongation. CURTIS and CLARK (1950) also reported that
top/root ratio washigher when nitrogen isincreased and lower when nitrogen is
decreased. In a recent paper, BOSEMARK (1954) stated that the increase in root
length in cases of nitrogen deficiency is mainly due to an increase in cell length,
whereas the growth inhibition with high nitrogen supply iscaused bythe reductionincellelongation andcell multiplication.
Concerning the effect of nitrogen on the yield, it is generally agreed that the
available nitrogen isaveryimportant factor indetermining theyieldand quality
of many crop plants. With moisture and temperature, available nitrogen in the
soil largely determines the relation between protein and starch content of the
wheatkernels: MARTINand LEONARD(1949)and ALSBERG(1945).Inthis respect,
it was noted early by DAVIDSON and LE CLERE (1917, 18, 23) that the highest
yield of wheat was produced when inorganic nitrogen had been used during the
early stages"ofgrowth, while its application at the time of heading increases the
protein content.
VAN DE SANDE 3AKHUYZEN (1937),working withwheatgrown under constant
conditions, concluded that the two outstanding factors controlling nitrogen
intake during the time the leaves grow in size, are photosynthesis and the increaseinxeromorphic character ofthegrowingorgans(p.298).

CHAPTER II

MATERIALS AND METHODS
1. PLANT AND SOIL MATERIAL

Uniform seeds from pure lines of four different wheat varieties were used.
Two of these varieties were secured from the Botanical Section, Ministry of
Agriculture, Egypt, while the other varieties were obtained from the Netherland
Grain Centrum, Wageningen/Holland. Thesefour varietiesare:
a. Triticum vulgarevar. Hindi
b.
„
piramidale var. Baladi
c.
„
vulgarevar. Heine VII
d.
„
vulgarevar. Peko

(42 chromosomes)
(28
„
)
(42
„
)
(42
„
)

Seeds ready for sowing were previously soaked in pure water for 24 hrs at
20°C, in order to secure a higher germination percentage. In this respect, a
preliminary experiment was made to determine the time required for complete
germination at different temperatures (10°,20°, and 27°C). Inthis experiment,
the dry weight per 100germinated seeds was determined every 24 hrs, from the
time of sowing until the dry weight began to increase. The results are shown
in Fig. 1.The importance of these curves becomes clear, when it is necessary to
begin the treatments with plants at the same physiological stage, especially in
thecaseof thetemperature experiments.
For growing theplants,earthenware pots of different capacities were used; in
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FIG. 1. Germination curves at different temperatures in Hindi variety. Average dry weight of
100 germinated seeds.

eachofthesepots4-7seedsweresownandlaterthinnedto2-4plants, according
to thecapacity ofthepot.Thethinningwasalsousefultoobtainmore uniformity of the plants at the beginning of the experiment. Three different kindsof
soilwereusedduringtheseexperiments:organicmatterandsand,puresand,and
heavy clay soil. During growth the plants were fed by a standard artificial
nutrient solution. Every pot was given from 100-300 ml weekly. In the nutritionexperimentsomealterationsweremadeaccordingtotherequirementsof
theexperiment. Relativehumiditywaskeptwithin65-75%bymeansofhygrometer which was checked every now and then by means of spirometer. In all
cases water requirements for the plants were regularly fulfilled. Experiments
showingirregulargrowth,causedeitherbydiseasesorinsects,werediscontinued.
Weedcontrolwascarried outfrom timeto timebyeradication oftheweedsas
soonastheyappeared.
2. CONTROL OFTEMPERATURE, CHILLING OF SEEDSAND EXPERIMENTS ON OXYGEN
SUPPLY

For studying the temperature effect onplant growth and development, four
constant temperature roomswereused(2°, 10°,20°and 27°C).In theserooms
the temperature wasnearlyconstant duringthewholeyear, exceptin hot summer days in which the temperature became about 1°-3°C. higher, especially
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inthewarmerrooms.However,additionalbatteriesoffanswereusedinthesetwo
rooms,fordissipatingtheheatproducedduringartificialilluminationoftheplants.
In order to vernalize the wheat seeds, they werepreviously soaked in water
at 20°Cfor about 7-9 hrs,according to thevariety. Thisperiod was sufficient
to supplytheseedswithwater.Theyrequireaminimumof55%oftheirairdry
weight whichpercentage is necessary to activate the embryo sufficiently to be
vernalized,but avoids the troubles of progressed germination. The seeds were
thenreadyfor chillingandweretransferred toavernalizingboxdesignedbythe
author, whichwassatisfactory for keepingconstant themoisturecontent ofthe
seeds. Moreover, a suitable atmosphere was insured by absorbing the C0 2
respired from the seedsin a concentrated solution of KOH. At the sametime
the seeds were in direct contact with the atmosphere surrounding the petri
dishesinwhichtheywerekeptbymeansof3n-shapedrodsbetweeneachpetri
dish and its cover. A simplified diagram for the vernalization box is given in
Fig.2.Theboxwasthenkeptintherefrigerating cabinet;inwhichthetemperaturewasconstantlykeptat 1°Cduringtheperiodofchilling.TheKOHsolution
wasrenewedweekly,andeachboxwasregularlysuppliedwithdistilledwaterin
ordertoavoiddryingofthefilterpaperscoveringthewallsofthebox.

FIG. 2. Vernalization box: 1,water supplytube; 2,layer of seeds;3,petri dishcover; 4,small
glassspacer; 5,petridishbase;6, glass box; 7,filterpaper lining; 8, layer of distilled
water; 9, wooden block to support dishes; 10, KOH container; 11, wire mesh;
12,thermometer; 13,ventilationopening; 14,cover; 15,waterreservoir;16,woodentop.
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In experiments in which the roots were supplied with oxygen at different
temperatures, plants weregrowninroot tubes,placed inaglassbox, 17cm long,
30cmwideand 30cm deep.Thebox isdivided in twocompartments, separated
from eachother byaglassplate, theedgesofwhicharefirmlyfittedinthe middle
of thebox-lid bymeans ofa groove.In eachcompartment, 4root-tubes (with or
without soil)were placed through holes in the lid. In the bottom ofeach tube a
piece of glass-wool was placed preventing the soil from falling through the end
of the tube and permitting a direct connection between the outside and the inside of the tube. At the beginning of the experiment, the box was filled with
water. One of its compartments was supplied with oxygen from an oxygencilinder, through aglass tube fitted with a porous block at the tip to distribute
thegasinfinebubblesunder2atmospherespressure;seeFig.3.Ifnot mentioned
in the text, the temperature used was 20-23°C.

FIG. 3. Two chambers oxygen box connected with an oxygen tank.
3. CONTROL AND MEASUREMENT OF LIGHT

For thelightexperiments, different equipments and different methods of light
measurement were used, according to the factor studied or to the kind of light
inwhichtheplantswere grown.
For the photoperiodic response under natural illumination, the plants were
grown outdoors in pots in the equipment described by WASSINK and STOLWIJK
(1952). This equipment essentially consists of two cabinets which easily can
move on iron rails and were wheeled over the plants at the same time. In this
way in one of these cabinets the natural day was reduced to 10 hrs (short-day
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treatment), while intheother twoPhilips 40Wfluorescent tubes were mounted
for extending the natural daylight to 16hrs (long-day treatment). During the
supplementary illumination, thelight intensity wasrelatively low (360 ergs/cm2/
sec) in order to avoid difficulties resulting from differences in photosynthesis
between the two treatments. The day light extension was automatically controlled bymeans ofanelectric clock. In summer time,afanwasused for ventilatingthe equipment.
In the experiments conducted indoors, plants received 10 hrs daylight of
relatively high intensity, whichunder long-day conditions wasextendedby6hrs
of lowlight intensity. In some treatments, plants received dayillumination in
the green house and were then transferred to have supplementary light which
wasalways automatically controlled.
For theexperimentsinwhich lightintensity wasstudied asamajor factor, the
light saturation waspreviously determined1. The evolution of 0 2 per unit leaf
area at different light intensities was measured in a WARBURG apparatus; 9
vessels of uniform capacity (42ml.)were used. Each of these vessels wassupplied with 10ml. of WARBURG buffer solution nr. 9,0.5 M. Inside the vessel
C 0 2 concentration wasabout 1.2%.Discs of0.5 cmdiameter were taken from
the two upper leaves of the plant. Each vessel containing 10 of these discs,
placed on a perforated perspex plate, wasexposed to a certain light intensity
•transmission °/o
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FIG.'4. Transmission curves of two blue filters.] Broken lines: blue 21; full-drawn lines:
perspex old blue27.
1
Theauthor wishes to thank Ir.P.GAASTRA for the help he offered while carrying out
these measurements.
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for 1hr. Records were made every 10minutes during this period. Incandescent
lamps have been used as light source.
In order to study the effect of the different light intensities on the growth and
development of the plant, three different equipments were setup. The high light
intensity equipment was provided with 38 fluorescent tubes (40W''daylight");
divided into four groups, onegroup of 15lamps above theplants,two groups of
8 lamps on each side and the last group of 7 lamps behind the plants. The
medium light intensity equipment was provided with 19 lamps, 11 above the
plants and 4 on each side. The low light intensity equipment wasprovided with
only 7lamps above theplants. Glassplates of0.3cmthickness werefitted either
under orbesidesthefluorescent lamps,and thehotairproduced duringthe daily
illumination wasdriven outby fans.
In the experiments with different regions of the spectrum two types of equipment were used: the first for high light intensity and the second for low light
intensity. The latter was only used for supplementary light. These equipments
are almost the same as used and fully described by WASSINK and VAN DER
SCHEER (1950) and WASSINK and STOLWIJK (1952). Recently some extensions of
the high light intensity equipment have been made which are included in the
description given by STOLWIJK (1954).In this connection it isworth mentioning
that in the blue light compartment of high light intensity the blue glass filter
TABLE I

General dataaboutlightequipments andlight measurements

Treatments

Sort of light

Photoperiodism (indoors)
basic illumination
supplementary illumination

naturalday
white

Photoperiodismandvernalization
(outdoors)
basic illumination
supplementary illumination

natural day
white

Light intensity (indoors)

Typeof
measurement

Light intensity
Flat meter and thermopile:ergs/cm2sec
Spherical meter:
ergo/sec/cm2 0 sphere

flat meter
spherical meter

4800 and 780
11000and 1370

flat meter

367

white

flat meter
spherical meter

41700-28500-14400
135000-80000-31000

white
coloured
white
coloured

spherical meter
thermopile*
spherical meter
thermopile*

25600
25600*
535
535*

Night temperature and
High temperature (indoors)

white

flat meter
spherical meter

16700
32200

Nutrition (indoors)

white

flatmeter
spherical meter

16700 and 41700
32200 and 135000

Light quality (indoors)
basic illumination
supplementary illumination

* Average of readings from 4 directions.
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"nr. 2 1 "wasreplaced by aperspex "Old Blue27"filterwhich yields a blue light
of higher purity, especially when infrared rays are concerned. This is shown in
Fig.4. Somegeneral data about themeasurements ofthelightintensities applied
are given in Table 1.
If not mentioned in the text, the photoperiod usedhad a duration of 16hrs.
All light measurements were carried out by the methods mentioned by STOLWIJK (1954).In the treatment in which the plants received the light energy from
various directions, the spherical light meter, described by WASSINK and VANDER
SCHEER(1951),ismore suitable than theflatlight meter.
4 . NUTRIENT SOLUTIONS

The influence of mineral nutrition on plant growth and development was
studied with pure sand cultures which were supplied, weekly with nutrient
solutions. Most ofthemedia usedwereprepared onthebasis of SHIVE'S solution
(1915). The ratio between different concentrations of the ion was (1:2:4). In
all cases the normal standard solution was considered to contain the concentrations required for optimal growth and is presented by the central number
of each series. Differences in the osmotic pressure are compensated by adding
other salts, such as CaCl2 to raise it to the level of the highest concentration
used. For this reason it seems inadvisable to use solutions with very large
differences in concentration. The solutions used are given in Table II.
TABLE II
Composition of nutrient solutions-concentration in grams per liter
Concentration
Shive nor. sol.
0.25 x N
0.50 x N
2.00 x N
4.00 x N
0.25 X ( K + P )
0.50 x (K+ P)
2.00 x ( K + P )
4.00 x ( K + P )

Ca(NOB) a

KHiPO,

MgSO«7HsO

0.860
0.215
0.430
1.720
3.440
0.860
0.860
0.860
0.860

1.960
1.960
1960
1.960
1.960
0.490
0.245
3.920
7.840

2.418
2.418
2 418
2.418
2.418
2.418
2.418
2.418
2.418

Salts added

CaS0 4 .2H 2 0
CaS0 4 .2H 2 0
CaCl 2
CaCl 2

*) Micronutrients were added in all cases
5. PLANT DISSECTION AND OTHER RECORDS

In thiswork, microdissection studies were carried out for spikeinitiation and
spike development, along with the various treatments. In each treatment, samples were chosen at random, when 50% of the plants had reached the physiological age required for dissection. Five to ten plants were dissected from each
treatment. Thetechnique usedfor dissectingtheplantswasthesame as described
by LUYTENand VERSLUYS(1921). The plant material was fixed in alcohol 96%.
and transferred to alcohol 50% before dissection. After removal of both developed and undeveloped leaves, the vegetation points were placed in petri dishes
filled with water and alcohol 50% before examination under the binocular
microscope. Just before examination, the vegetation points were rinsed in a
strong solution of iodine and potassium iodide, which makes it easier to distin-
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guish details. Iodine also proved to be more convenient than fuchsin and
glycerinwhicheasilyproducelightreflectionswhenmicrophotographsaremade.
In order to keep thevegetation points in thedesired positions, they were fitted
in smallblocksofplasticine,payingattention that theyalwaysremained under
theliquid. Thevegetation points wereilluminated during their examination by
meansoflampconcentratingthelightononespot.
For microphotographs a ZeissOptan stereo-microscope withattached Zeiss
Winkel camera 6.5 x 9cm was used, allowing magnifications of 6, 10, 16,25
and 40 times. Just before photographing, the vegetation point is stained with
iodineasmentioned before andthen washed softly inwater for somemoments
after which it is transferred to another petri dish, containing distilled water.
This dishisplacedon a piece of black velvet covering the table ofthemicroscope in order to insure a dark background. The vegetation pointisthenilluminated by a strong, focussed light which passes through a greenfilter.Two
kinds of photographic plates were used; Isochrome (18/10°Din.) and Gevachrome 32 (21/10°Din.) which both proved satisfactory.Thesecond platewas
found to bemore sensitive and to givemore details.Thedevelopmental stages
intheshootapexofwheatare shown in Plate1 to which reference is made in
theexperiments.
With respect to the vegetative growth, stem length, tiller number, leaf area
andleafnumberhavebeenrecorded.Theroot/topratiobeingofsignificancein
the growth of higher plants,wasalso studied. Dry weight determinations were
alsomadeto haveaclearideaabout thedistribution ofthemetabolic products
and howtheyare directed within theplant under certain conditions. Chemical
analyses for plant materialswerecarried out with the aid of theLaboratory of
Soil Testing and Plant Analysis at Oosterbeek-Netherlands. In all cases sampling,drying,grindingandpreservingofplantmaterialweredoneaccordingto
thestandardmethodsdescribedbyLOOMISand SHULL(1937).
Theleaf ratio(length/breadth)wascalculatedforthe2ndor3rdwelldeveloped
leaf from the top, astheaverage of 5-10 leaves.
CHAPTER III

TEMPERATURE
1. GROWTH AND DEVELOPMENT AS INFLUENCEDBYTEMPERATURE

The effect of temperature on the vegetative growth and the development of
wheat must be primarily due to changes in the pattern of the biochemical
reactionswithintheplant.Asaresult,thebalancebetweenvariousprocessesof
growth and development, whichismost sensitiveto thesechangesis influenced
by changes of temperature. So, e.g., early heading of wheat was found to be
generally favoured at relatively high temperatures, but results in rather poor
ears andsmallshrunken seeds.Thisislargelyduetothefact that tissuesofthe
plants growing at high temperatures rather soon reach maturity and turn to
senescence. This results in a significant reduction of photosynthetic products,
so that the substrate required for supporting the development ofearsbecomes
limiting.In suchacase,it isnot surprising that duringthegrowingperiod, the
different stagesofgrowthanddevelopmentmaycompetewitheachother.This,
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insomeway,makestheantagonism between thedifferent stagesofgrowth and
development more apparent, especially under the environmental conditions
favouringthelimitationofsynthesis.
TheresultspresentedinTableIIIandgraphicallyillustratedinFig.5indicate
that, concerning the vegetative growth, 20°Cseemsto bean optimal temperature for stem elongation in both Hindi and Heine VII varieties, while stem
elongation wassuppressed whenthetemperaturewasincreased toabout 30°C,
orwhenitwasdecreasedto 10°C.However,thesuppressingeffect ofhightemperaturewasmoreapparentintheHindivariety.Inthisrespect,itisinteresting
to note that,just after germination, stem elongation proceeded faster at 30°C
than at 20°C, which phenomenon somewhat later was reversed; the plants
grownat20°Cshowedmoreprogressandfinallyexceededthoseof30°C.Inthis
connection, one must keep in mind, that although stem elongation was suppressed byeither loworhightemperatures, thecauseofthis suppression seems
to be quite different in these two cases. In the former case the rate of photostem length
cm
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FIG. 5. Different aspects ofvegetativegrowth in wheat asinfluenced byconstant temperature
conditions; Hindi and Heine VII varieties, after 105days treatment.
Dotted lines: Hindi var., Full-drawn lines: Heine VII var. • stem length, oleaf
number, x tillers number.
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synthesis per unit time may be suppressed by the low temperature, while in the
latter case,therate of dissimilation may be accelerated as light intensity may
belimiting therate ofphotosynthesis, so that also then a decrease inthenet rate
ofsynthesisresults.Inthetwocasesonemayexpectarelativelypoor growth.

TABLE III
Different aspectsof vegetative growthin wheatas influenced by differenttemperatures under
constant conditions. HindiandHeine VII varieties, after 105days treatment
Temp. °C

Stem length
(cm)

Heine VII var.
Leaf
number

15.9 ±0.15 7.4 ± 0.25
26.1 ±0.63 10.3 ± 0.60
19.4± 0.52 12.4± 0.40

10
20
30

Tiller
number

Stem length
(cm)

Hindi var.
Leaf
number

Tiller
number

4.4 ± 0.25
4.0 ± 0.00
2.6 ± 0.24

47.9 ± 2.06
61.6 ± 2.25
34.3 ± 1.35

6.5 ± 0.35
7.4 ± 0.25
8.7 ± 0.25

3.5 ± 0.29
3.2 ± 0.20
1.4 ±0.25

Concerning the influence of temperature on the formation of the leaves and
tillers in wheat, the data presented indicate that in both varieties a negative
correlation exists between these two aspects of growth, which means an antagonism between thesevegetative growth stages.The higher the temperature, the
smaller the number of tillers and the larger the number of leaves. A difference
between the two varieties used is that stem elongation was much more pronounced in Hindi than in HeineVII.On the other hand, the number of leaves
and tillersproduced per plantin HeineVIIwerealwayshigherthanthat of those
produced in the Hindi variety. This is a rather good indication that stem elongation under the conditions of our experiments generally proceeds in competition withothervegetativegrowth stages,suchastillering andleaf formation.
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FIG. 6. Successive leaf formation in relation to time as influenced bydifferent temperatures;
HeineVII variety.
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ThedatapresentedinTableIVandgraphicallyillustratedin Fig.6showthat
thetimerequired for theemergenceofsuccessiveleavesisdecreased significantlyby increasing thetemperature within therange of 10°to 30°C; i.e.the time
requiredfortheemergenceofthe7thleafwas84,42,and 36daysat 10°,20°,and
30°Crespectively. A similar relation was found with all preceding leaves. In
thisconnection, itisworthmentioning thata linearrelationship seemstoexist
between the number of leaves and the length of the vegetative growth period.
The differences between different temperature treatments are quantitative
differences in the leaf number, while the linear relation mentioned above
remains,resultingindifferent slopesofthevariouscurves.
TABLE IV
Successiveleafformation in relation to time as influencedby different temperatures under
constantconditions. Heine VIIvariety
Time in days required for leaf formation up to the 7th leaf
Temp. °C
10
20
30

2nd

3rd

4th

5th

6th

7th leaf

19
8
5

28
11
9

39
22
18

53
28
25

68
33
31

84
42
36

Concerning theinfluence oftemperature onthedrymatter production inthe
plant, both light intensity and light quality should beconsidered as significant
factors. In our experiments plants were grown under "daylight"fluorescent
tubesat anaverage intensity of 32 200 ergs/sec./cm2 0 sph. From the results
presented inTableV,andgraphically illustratedin Fig.7,thefollowing canbe
concluded.
1. Theabsolutedryweightperplantreacheditsmaximumat20°C,andwas
relatively higher at 30°C than at 10°C. When the dry weight production of
eitherrootsandshootswasdeterminedseparately,thesameresultwasobtained.
2. When theroot/top ratio isconsidered, a reversed relationship isfound to
exist between this ratio and temperature; namely the higher the temperature,
thelowerthisratiowillbe.
TABLE V
Dry matterproduction(g) androotjtopratioasinfluencedbydifferenttemperatures under
constant conditions. Hindi variety, after 77days treatment
Temperature °C

Entire plant

Root

Top

Root/top ratio

10
20
30

2.420
3.935
2.623

0.604
0.686
0.375

1.816
3.149
2.248

0.332
0.214
0.166

Theseresultsobtainedfor theroot/topratiowereofimportance,especiallyin
interpreting theinjurious effect ofrelatively high temperatures on the growth
ofsomehigherplants.Itisgenerallyacceptedthatatemperature ofabout 30°C
cannot beconsidered as adirectly injurious factor. It has been found however,
that this temperature checks the wheat growth especially under low light conditions.Thismeansthat sucha temperature might affect thegrowth indirectly,
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FIG. 7. Dry weight and root/top ratio as affected by different treatments of temperature;
Hindi variety, after 11weeks treatment.
• entire plant, o top, x root, A root/top ratio.

e.g. by unfavourably changing the root/top ratio, which in fact represents the
balancebetweentwodifferent growthaspects.
Inalmostallcasesexamined,ithasbeenfound thattherootsofplantswhich
had been grown at relatively high temperatures were proportionally weak if
comparedwiththerootsproducedatlowertemperatures.Thiswassupposedto
bedue toshortage ofoxygenwhichisofmajor importance for rootgrowthand
function. This was verified experimentally by growing two groups of wheat
plants(Hindivariety)at30°CintheoxygenboxdescribedinChapterII.Oneof
these groups was supplied with excessive oxygen, while the other was left as a
control without any external supply of the gas. The result shows that the first
group within 10days had produced morevigorously extending roots than the
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second one.Thisprogress in root growth wasfavourable in inducing stronger
and more healthy tops than that of the control. It is interesting to note that,
when this experiment was repeated at a temperature of 10°C, no significant
difference was observed. This may indicate that oxygen requirement for root
growth increases with increasing temperature. In this connection, it seemsinteresting to note, that excessive leaf elongation caused by high temperature
becomes dangerous, especially when the roots are too weak to supply the
elongatedleaveswithsufficient watertokeeptheirturgidity.Inseverecasesthey
usuallybreak.Arather successful methodtoavoidthis istocuttheupperparts
oftheleaves,atreatmentwhichprovedtobeveryusefulinkeepingtheturgidity
of the leaves. With this treatment, the dry weight production was expected to
decrease,butthiswasnotthecase.Theaveragedryweightperplant(calculated
from 10plantsgrownin 5 pots)withtreated leaveswas2.84and 3.02grams for
sand and claysoilrespectively, whiletheaveragefor untreated plants was2.59
and2.96grams.
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Concerning theeffect of temperature on the development ofwheat,the results
obtained show that Heine VII, a typical winter variety, remained in the rosette
stage under the range of temperatures (from 10-30°C). This has been further
emphasized by dissecting plants from different temperature treatments. Not one
plant was found to enter the transition stage. On the other hand, the Egyptian
varietiesreachedreproductivestageinallthetreatments,exceptunder conditions
of high temperature combined with relatively low light intensity, where especially the Baladi variety failed to reach the heading stage. However, when these
plants were dissected, it wasnoticed that spike initiation had occurred although
further development of the spikeswaschecked under the mentioned conditions.
The data presented graphically in Fig. 8 indicate that at 20°C both spike
initiation and spike development were significantly earlier than at 10°C or
30°C. Concerning flower initiation, the difference was 24 and 17 days respectively.Itwas observedalso,that,although thedifference between 10°Cand 30°C
did not exceed one week, the development of the spike during the latter treatment was obviously earlier than during the former one, i.e., the plants grown at
30°C reached the third developmental phase ten weeks after planting, while the
plants grownat 10°Cwerestillinthefourth transition stage.
2. FROST RESISTANCE AND COLD REQUIREMENT DURING THE EARLY STAGES OF
GROWTH

The imported subtropical wheat varieties were grown in a field experiment
alongside two local varieties, of which one is a typical winter variety and the
other is a typical spring variety. These varieties were sown either in winter or in
spring;inthelattercasetheyweregrowneitherfromvernalizedornon-vernalized
seeds. The chilling of the seeds had been carried out during 45 days at 1°C in
vernalization boxesasdescribed in Chapter II.
Concerning the frost resistance in different varieties sown in winter either in
October or December, the imported varieties, being always grown under subtropicalconditions,were expected to perish during severe frost in winter time.
However, only Baladi was killed during the frost in February 1954.In the Hindi
variety about 32 percent of the plants escaped from frost and later produced
healthy ears.It isworth mentioning that when the plants were examined, it was
observed that in almost all cases, the roots were ruptured. The local varieties
showed more resistance to frost, especially Heine VII. In this connection it was
observed that during the severe frost period, the colour of the leaves of the subtropical varieties changed to brown-red, while in Heine VII variety it was dark
green.Ingeneral,plants grown (with the aid of the wooden cabinets outdoors)
under short-day conditions were found to be more sensitive to frost than those
grown under comparable long-day conditions.
During the different treatments of spring sowings (20th March) all the
varieties, with the exception of Heine VII, flowered whether grown from
vernalized or non-vernalized seeds. Heine VII, however, if grown from nonvernalized seed, remained in the rosette stage. This clearly indicates that the
quotum of low temperature needed for inducing flowering in winter varieties is
not necessary for subtropical wheat varieties which headed freely with or without any cold treatment. From the data presented in Table VI and Fig. 9 it
appears, that if earliness in flowering is considered, Hindi is a neutral variety.
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Baladi on the other hand, proved to be influenced more by day length. In this
experiment, after the plants have developed the fourth leaf, some pots were
transferred from the short-day to the long-day conditions, and some other pots
from the long-day to the short-day conditions. Both the Baladi and Hindi varieties having had long-day and long-short-day treatments produced their ears
80 days after planting while those having had short-day and short-long-day
treatments produced their ears after 93and 105daysrespectively (seeTable VI).
It seems important to note that in both cases, varieties grown under natural
conditions of day-length were relatively earlier than those grown under the
wooden cabinets. The winter wheat variety, Heine VII, seems to be very late in
comparison with the subtropical varieties. This was proved to be true with the
two sowingdates used.
days
120 r

100

80

60

40

20

Hindi

Baladi

Heine VII

Peko
varieties

FIG. 9. Timeof spikeemergence infour different wheat varieties sown in spring(20th March)
as influenced by vernalization and day-length. Experiment conducted outdoors,
v: vernalized, c: non-vernalized, L.D.: Long-day (10+6hrs), S.D.: short-day
(10+0hrs).

Dissections were made of the late (non-shooting) varieties 100 days after
planting inorder to examine the vegetation points. The data presented in Table
VII indicate that plants from vernalized Baladi under short-day conditions had
already produced well developed ears, while in Heine VII only two rows of inflorescences were formed. Under long-day conditions, the development was
more pronounced, except when the long-day was followed by short-day con-
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TABLE VI
Heading time (in days) in four wheat varieties as influenced by vernalization under different
conditions of day length

45days vernalization
Variety
Hindi
Heine VII
Baladi
Peko

L.day

S.day

L-S.day

S-L.day

Natural D.

Control
non-ver.

75
late
79

77
late
105

75
late
80

79
late
93

63
98
66
79

69
rosette
75
90

ditions;then the plants remained physiologically young and no further developmentcouldbeobserved.Concerningthisitisinterestingtoobservethatsome
samples from non-vernalized Heine VII produced the double ridge structure,
which indicates that theplants already have passed the vernalizing stage.This
could only be possible, if we suggest that the relatively cold nights of early
springhadfulfilled thecoldrequirementsofthisstage.
TABLE VII
Physiological development of the vegetation points in the non-shooting plants from the spring
sowing treatments. Dissected on 29-7-1954

Variety

Chillingperiod
(days)

Day-length
treatm.

Degree of development

Heine VII

45

L.D.

Heine VII

45

S.D.

Sometips with 2 bracts
Some tips with 2 rows of inflorescences

Heine VII

45

L.S.D.

Allvery young, no further development

Heine VII

45

S.L.D.

Some tips with bracts
Some tips with 2rows offlowers
Some tips good development

Heine VII

0

Nat. D.

Some tips double ridged
Some tips with bracts

S.D.

All well developed ears

Baladi

45

Some tipswith bracts on both sides
, Some tipswith well,developed flowers

3. GROWTH AND DEVELOPMENT AS INFLUENCED BY DIFFERENT NIGHT TEMPERATURE

In order to studytheinfluence of different night temperatures on thegrowth
and development of higher plants, some precautions must be taken to avoid
misleading results. If plants are transferred from low temperature rooms,in
order to receive their daily illumination at relatively higher temperatures, the
shoot systemoftheplantreachestheroomtemperaturewithinashorttime.On
the other hand, theroot systemremains cool for a muchlonger time,until the
soilarounditreachestheleveloftheroomtemperature.Thiswasfound tohave
aninjurious orevenfatal effect in somecases.Thisisbecausetranspiration undersuchconditionsexceedsthesupplyofwaterbytheroots,whichremaincool
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during thefirstpart of the day. This period, in fact could beconsidered as an
extension of the temperature conditions prevailing during thepreceding night.
Asaresultturgorpressureinthecellsoftheplantsisreduced or even lost, thus
the rate of photosynthesis is decreased significantly and in severe cases the
wiltingpointisreached.Thisphenomenonbecomesmoreapparentifthe differencebetween dayand night temperature isrelatively large.In thelight ofthese
results, some precautions must betaken in experiments dealingwith the effect
ofnighttemperature:
a. When theplants are transferred, at the end of the dark period, to receive
their daily photoperiod, the temperature of the soil around the roots must be
altered untilit reaches, as near as possible, the temperature surrounding the
roots.Aquickandeasywaytoachievethisistoallowaslowcurrent ofwaterof
therequiredtemperaturetopassthroughthesoilforsomeminutes.
b. Controlplantsmustreceivethesametreatmentinorder toavoid differences in growth whichmay occur as a result of the different moisture content of
thesoil.
A satisfactory system to move the plants must be used, in order to avoid
damagefrom shocksthat mayoccur to theroots.If smalltrolleysareused for
thispurposetheymustbemovedslowlyandcautiously.
In the experiments conducted to study the influence of different night temperaturesonthegrowthanddevelopmentofwheat,anoptimalday-temperature
of about 22° ± 1.2°C was used during the daily photoperiod. The plants receiveda 16hrsphotoperiod,andwerethen transferred to receivea dark period
of8hrsatdifferent temperatures(2°, 10°,20°and27°C).
The results of the effect ofnight temperature on vegetative growth indicate
some differences which could be considered fundamentally the same as those
producedatvarioustemperatureswhicharekeptconstantthroughoutthedaily
cycle.The data presented in Table VIII and Fig. 10showthat, concerning the
stem elongation, the most favourable night temperature was between 10°and
20°C. On the other hand, it was observed that outside this range, both lower
(2°C) and higher (27°C) temperatures suppress stem elongation; this suppressionwasmoresignificant attheformer thanatthelattertemperature. As to the
effect ofthenighttemperature onthenumber ofleavesandtillersproducedper
plant, it has been demonstrated that the higher the night temperature, the
smallerthenumber oftillersbutthegreaterthenumber ofleaves.Acorrelation
betweentheabsolutedryweightformed bytheplantandstemelongationcanbe
observed in TableIX and Fig. 11.Asimilar correlation wasfound to existbetweendryweightandthe"multipliedleafratio"(lengtfr x breadth)whichmay
beconsideredasanindicatorfortheleafarea.
TABLE VIII
Different aspectsof vegetative growth in wheatas influenced by different night temperatures.
Hindi variety,after 70days treatment
Night temp. °C
2
10
20
27

Stem length (cm)
38.4 ± 1.70
61.9 ± 2.37
57.6 ± 2.53
50.2 ± 1.21

Tiller number

Leaf number

2.8 ±0.20
2.2 ±0.20
1.8 ±0.20
1.25 ±0.18

6.2 ±0.20
6.75 ± 0.22
7.4 ± 0.25
8.3 ±0.19
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FIG. 10. Effects ofvarious night temperaturesongrowth ofwheat(Hindi var.).Measurements
after 70 days treatment.
• stem length, o leaf number, x tillers number.

Dry weight determinations have been carried out for different treatments.
From the data presented in Table X and graphically illustrated in Fig. 12two
conclusionsarise.
TABLE IX
Stem lengthandleaf areainrelation to dry matterproduction as influenced by different night
temperatures. Hindi variety,after 70days treatment
Night temp. °C

2
10
20
27

Dry weight (g)
1.64
2.80
2.76
2.60

Stem length (cm)

38.4 ±
61.9 ±
57.6 ±
50.2 ±

Multiplied ratio = leaf length x leaf breadth.

1.70
2.37
2.53
1.21

Leaf ratio 1/br
(average)

Multiplied ratio
(1 x br) cm 2

45/0.8
36/1.4
40/1.2
41/1.1

36.00
50.40
48.00
45.10
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FIG. 11. Curvesshowingthecorrelationbetweenstemlength(o),leafarea (multipliedratio)(x)
and dry matter production (•) as influenced by various night temperatures; Hindi
var. after 70 days treatment.

a. Loweringthenight temperature from 27°Cto 10°Cresultsintheproduction of maximum dryweight per plant. Further decrease ofthenight temperature to2°Cresultsinan abrupt decreaseinthedrymatter yieldperplant.This
TABLE X
Drymatterproduction (g) androotItopratioasinfluencedbydifferentnight temperatures.
Hindi variety,after 70days treatment
Night
temp.
°C
2
10
20
27

Entire plant

Root

Fresh

Dry

/o

Fresh

14.58
21.68
20.82
22.12

1.64
2.80
2.76
2.60

11.24
12.91
13.25
11.75

3.72
6.56
4.46
4.86

Dry

Top

%

0.386 10.37
0.918 13.84
0.750 16.90
0.562 11.56

Fresh

Dry

10.86 1.254
15.12 1.882
16.36 2.010
17.26 2.038

/o

11.54
12.44
12.25
11.80

Root/top
ratio
0.307
0.478
0.373
0.275
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wasnearly the samecasewiththeroot dryweightand also when the root/top
ratiowasconsidered.
b. When thegrowthof thetopsisconsidered, thecaseisquitedifferent, and
wefindthatthehigherthenighttemperature,thehigherthedryweightproductionis.
dry w e i g h t

ratio

mg r / p l a n t

root/top
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FIG. 12. Dryweightproduction androot/topratioasinfluencedbyvariousnighttemperatures;
Hindivar.after 70 days treatment.
• entire plant, o top, x root, A root/top ratio.

Concerning the effect of night temperature on the development of wheat, it
was noticed that 20°C is the most favourable night temperature for both the
intiation and the development of the spikes. From Fig. 13,it is apparent that
lowering the night temperature to 10°C or increasing it to 27°C retarded the
initiation by one or two weeks respectively. If the temperature is further decreased to 2°C, both initiation and development were retarded more significantly than inall othercases.It seemsthat during thedevelopment ofwheat,a
nighttemperature of 10°Cinducedearlinessinbothinitiationanddevelopment
of the spikes more so than 27°C. This result is rather different from that pro-
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ducedinplantsgrownunderconstanttemperatureconditions.Inthelattercase,
as has been stated above, although initiation was favoured at 10°C, yet the
developmentproceededmorequicklyat30°Cthanat 10°C(seeFig.13).
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FIG. 13. The development of wheat (Hindi var.) in relation to different conditions of night
temperature.
4. DISCUSSION

Before discussing the influence of temperature on the growth and development of thewheat plant, it seemsimportant to drawattention to the fact that
thisinfluencecouldbealteredbychangingtheprevailingenvironmentalfactors,
especially those connected with light. However, in some casesit is difficult to
isolate the effect of temperature as a pure factor influencing a certain process.
Thisislargelyduetotheinterference ofotherfactors whichmayarisefrom the
mainfactoritself.
The effects of night temperature may be discussed in relation to theresults
obtained atconstant temperatureinordertoexaminewhether the fundamental
effect oftemperatureisthesameinbothcases.Thepatternofleafformation and
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tiller production was similarly influenced in the two types of temperature treatment. And so were stem elongation and dry weight production. This does not
mean that the dry weight production per plant reaches the maximum at the
same temperature in the different types of experiments. At constant temperature the maximum dry weight production was reached at 20°C, while with
different nighttemperatures,thehighestdryweightproductionwasreachedwhen
the night temperature was decreased to 10°C. This seems reasonable, because
if the daytemperature is further decreased to 10°C,the rate of photosynthesis
willbe significantly decreased. On the other hand, decreasingthenight temperatureto 10°Cwillsuppressthedissimilationprocess,andamorefavourable balance
between synthetic processes and dissimilation is obtained. In this connection,
it hasbeen shown thatfurther decrease inthenighttemperature to2°C strongly
suppressed thedryweight.Thiscould beexplainedin the following way:
a. It is probable that some processes which may take place during the night,
aresuppressedat suchalowtemperature.Inthisconnectionitmaybe mentioned
that WASSINK and WASSINK (1952), concluded that some synthetic processes,
perhapsconnectedwithprotein synthesis,goonduringthe night.
b. It isalso probable that such low a night temperature (2°C) affects also the
metabolic processes during the day via its suppressing effect on the metabolic
enzymatic system during the dark period. This of course could be reasonable
only if we suggest that this enzymatic system requires some time in order to
resumeitsfull activityafter thecoldtreatment duringthepreceding night.
Wemayconclude that loweringthenight temperature isfavourable, provided
that it does not exceed a certain limit according to the plant in question. In this
respect, ithasbeenreported by ROBBINS(1946),thattherecommended difference
between dayand night temperatureisabout 6-11°C.Thisdifference isabout the
same as found by WENT (1944), who observed that the maximum growth of
tomatoes was obtained by maintaining the day temperature at 26.5°C and
allowing the night temperature to fall to 17-20°C. In the light of our results, it
appears that the difference in dissimilation is not the chief effect of different
nighttemperatures,especiallyafter we have seen that lowering the night temperature to 2°C (suppressing the dissimilation process) decreased the dry weight
production within the plant.
The effect of various night temperatures on the root/top ratio proved to be
nearlythe sameasthat ofvariousconstant temperatures. However, itseems that
this ratio in relation to temperature is controlled by other environmental conditions, such as light intensity, mineral nutrition, and oxygen concentration
around theroots.Thefirsttwofactorswillbediscussedinthefollowing chapters.
Concerning spike initiation and spike development in wheat, night temperature seems to have an accelerating effect up to 20°C. This effect wasmost significant in inducing development when other factors suchas day length and light
intensity are optimal. This may bethechief cause oftherelatively lower production of dry matter at 20°C than at 10°C. At the former temperature the vegetative growth period is shortened;thus the total energy received isdecreased. On
the other hand, when the night temperature was further increased to 27°C, the
development wasretarded once more. This of course may refer to the depletion
of the carbohydrates at high night temperature, leaving only a small reserve
to support development. At 2°C night temperature, the development also proceeds rather slowly, due to the suppressive effect of this low temperature on the
whole metabolic processes as mentioned above.
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CHAPTER IV

LIGHT
1. VEGETATIVE GROWTH AND DEVELOPMENT OF WHEAT AS INFLUENCED BY
PHOTOPERIODISM

Thenatureofthephotoperiodicreactionhasnotyetbeenrevealed.Thismay
in part bedue to the fact that most ofthephotostimulus processes proceed at
relatively lowlight intensity. Whether a linear relationship existsbetween light
intensityandtheresponseoftheorganism,isnotyetestablished.However,until
now, the ultimate response is fairly the only approach we have towards explaining the process.
Inthisstudy,thephotoperiodicresponseofthewheatplantwasquantitatively
examined with special reference to its vegetative growth and development.
During the course of the experiment, the plants daily received 8 hrs natural
illumination in the greenhouse, after which they were divided into 5groups.
cm

number

8+0

8+4

8+8

8+12

8+16 hr

F I G . 14. Effects of different photoperiods on growth of wheat (Hindi var.). Measurements
after 45 days treatment.
• stem length, o leaf number, x tillers number, A „multiplied ratio".

56(7)

36
These groups were then transferred to five different equipments, in order to
supply the plants with supplementary light of a certain intensity (see Table 1),
for different periods ranging from 0to 16hrs, with 4 hrs difference between the
successive treatments.
The data presented in Table XI and graphically illustrated in Fig. 14indicate
that in Hindi the influence of photoperiod on stem elongation iscontrary to its
influence on the production of leaves or tillers. This means that gradually increasing the day-length to 24 hrs resulted in a gradual increase of the stem
length, and at the same time suppressed the other two aspects of growth. Concerning theleafarea, the"multiplied ratio" (1 x br) presented in Table XI also
proved a gradualdecreaseinleafareaasthephotoperiod isincreased.
TABLE XI
Vegetative growth in wheat as influenced by different photoperiodic treatments
Hindi variety, after 45 days treatment
Photoperiod
hrs
8+ 0
8+ 4
8+ 8
8+ 12
8+ 16

Stem length
(cm)
17.7 ±
48.9 ±
56.8 ±
60.8 ±
64.7 ±

Tiller number

0.60
1.46
1.74
1.74
2.01

6.5 ±
5.0 ±
4.5 ±
4.3 ±
4.0 ±

0.34
0.32
0.29
0.29
0.32

Leaf number

10.0 ±
8.0 ±
7.0 ±
6.5 ±
6.0 ±

0.32
0.29
0.00
0.34
0.32

Leaf ratio
1/br

Multiplied ratio
(1 Xbr, cm2)

40.1/1.4
37.8/1.4
28.2/1.3
22.0/1.2
22.5/1.0

56.14
52.92
36.66
26.64
22.50

When the dry weight determinations had been obtained, it was found that
increasing the photoperiod up to 20 hrs gavemaximum total production. When
the photoperiod was further increased to 24 hrs, the total dry weight per plant
decreased oncemore.Thiswasnearly the samewhen determinations were made
of the shoots only. Concerning dry weight production within the roots, no
significant differences were obtained between the different photoperiodic treatments. However, when the root/top ratio was considered, it was observed that
thisratio reached itsmaximum (0.500)under photoperiods ranging from 8to 16
hrs daily. Increasing the photoperiods to 20or 24 hrs caused a sudden decrease
intheratio to reachaminimum ofabout0.350, seeTable XIIand Fig.15.
TABLE XII
Theproductionof dry matter (g) and the rootjtop ratio in wheatas influenced bydifferent
photoperiodic treatments.Hindi variety,after50days treatment
Photoperiod
hrs

Fresh

Dry

8+ 0
8+ 4
8+ 8
8+ 12
8+ 16

26.10
25.15
27.65
22.25
20.20

3.270
4.010
4.695
4.520
4.040

Entire plant

Root
/o

Fresh

Dry

12.53
15.94
16.99
20.31
20.10

9.90
7.15
9.15
5.75
5.25

1.090
1.335
1.560
1.175
1.065

Top
/o

Fresh

Dry

%

11.01
18.67
17.05
20.43
20.29

16.20
18.00
18.50
16.50
14.85

2.18
2.675
3.135
3.35
2.975

13.46
14.86
16.94
20.30
20.03

Root/top
ratio
0.500
0.495
0.497
0.354
0.357

Concerning the photoperiodic effect on the development of wheat, a strong
relationship exists between the daylength and the physiological development of
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FIG. 15. Dry weight production and root/top ratio in wheat (Hindi var.) as influenced by
various photoperiods. After 50days treatment.
• entire plant, o top, x root, A root/top.

the plant. In almost all the experiments conducted, a photoperiod of 8hrs was
found insufficient to induce spike initiation even after 6weeks of treatment. On
the other hand, 3weeks treatment with 20 or 24 hrs photoperiod was sufficient
to induce well developed spikes. In this respect, it is interesting to note that the
response of the plants gradually increased when the photoperiod was increased
from 8to24hrs,seeFig.16.
In thelightoftheseresults,the following conclusionscanbedrawn:
a. A positive relationship exists between stem elongation and photoperiod.
Contrary to this,when the formation of leaves and tillers is considered, a negativerelationship is observed.
b. The development of wheat seems to be quantitatively affected by daylength, which means that the longer the day-length, the earlier is the development ofthe plant.
c. A correlation between stem elongation and development towards reproductionisprobable,whenphotoperiodicreactionisconsidered.
In another experiment conducted in the field under controlled conditions of
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FIG. 16. The influence of different photoperiods on the development of wheat (Hindi var.).

day-length (10+ 0and 10+ 6hrs), both HindiandPeko varietiesweresown as
winter wheats(inOctober).Recordsweremadeofthestemlengthattwo different
dates, time of heading and for dry weight production of ears in relation to
that of the stems.The data presented inTable XIII show that during the first 50
days, no significant differences were observed between the two varieties under
either day-length treatment. On the other hand, 210 days after planting, Hindi
var. wassignificantly taller thanPekovar.inboth day-length treatments.
In addition, it was also observed that in both varieties, plants grown under
long-day conditions were relatively taller than plants grown under short-day
conditions. Concerning heading, Hindi var.wasearlier by46and 32days under
long-day and short-day respectively than Peko.In thisrespect, itisinteresting to
note that in Hindi variety the difference between long and short-day treatments
does not exceed 9 days, while in Peko this difference reaches more than 3
weeks. Concerning the production of dry matter per plant, the figures given in
Table XIV show that, in general, more dry matter is produced in Hindi. The
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ratio ofdry matter intheearstothat inthe stems indicates that Hindivariety
alsoproduces highratios.Inbothvarieties,thedrymatter ofthe ears ishigher
underthelong-daytreatment.
TABLE XIII
Photoperiodic reaction under natural conditions of temperature during winter time
Hindi andPeko varieties, measurements after 50and210 days treatments
10+0 hrs photoperiod
Variety

Hindi
Peko
Hindi
Peko

Age in days

50
50
210
210

Stem length
(cm)
2.4 ± 0.06
2.2 ± 0.09
33.6 ± 1.16
20.4 ± 0.28

Days up to
heading

234
280

10+6 hrs photoperiod
Stem length
(cm)
2.9 ±
2.4 ±
41.3 ±
26.4 ±

Days up to
heading

0.08
0.09
1.60
1.30

225
256

TABLEXIV
Theproduction of dry matter(g) as influenced by photoperiod under natural conditions of temperature inwinter time. The determinations were carried out when the mealy stage was reached.
10+0 hrs photoperiod
Variety

Peko
Hindi

10+6 hrs photoperiod

Stem+leaves

Ears

%

Stem+leaves

Ears

%

71.6
98.5

11.2
24.2

15.6
24.5

83.8
76.0

32.4
35.3

38.6
46.4

2 . VEGETATIVE GROWTH AND DEVELOPMENT OF WHEAT AS INFLUENCED BY
SUPPLEMENTARY LIGHT OFDIFFERENT INTENSITIES

In the previous section, all photoperiodic treatments were receiving their
supplementary illumination atacertain constant level oflight intensity. Thus,
thedifferences producedwererelatedprimarilytothedifferences intheduration
ofthesupplementarylight.Thequestionarisesastowhatextenttheintensityof
the supplementary light affects thegrowth anddevelopment of wheat. This
question leadstoanother experiment inwhich three equipments with different
lightintensities (0,1300,and11OOOergs/sec./cm20sph.) wereusedforsupplementary illumination.Theplantsweredividedintothreegroups.
These groups weresubjected 8hrs dailytonatural illumination inthegreen
house(from 10a.m.to6p.m.);eachgroupthenistransferred tooneofthelight
equipments mentioned before, toreceive supplementary illumination untilthe
nextmorning.
Concerning the vegetativegrowth,thedatapresented inTableXVandgraphically illustrated in Fig.17show that increasing theintensity ofthe supplementary light from0to 11 000ergs/sec./cm20sph.causedasubsequentincrease
instemelongationfromabout 17.5to59cm.On the other hand, the numberof
both leaves and tillers was decreased byincreasing the supplementary lightintensity within the samerange.When the,leaf area was calculated, itwas found
that the"multiplied ratio" increases with decreasing intensity of the supplementarylight.
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TABLE XV
Vegetative growthinwheat as influencedby differentintensities of supplementary light;
Hindi variety,after45days treatment
Suppl. light int.
Multiplied
Stem length Tillernumber Leaf number
Leaf ratio
ergs/sec./cm2
ratio
(cm)
1/br
0 sph.
(1 xbr)cm2
0
1370
11000

17.5 ± 1.28
34 ± 1.69
59.5 ± 2.13

11 ±0.14
8 ± 0.32
5.5 ± 0.34

9 ± 0.14
7.5 ± 0.4
6.5 ± 0.22

41/1.5
37/1.5
32/1.1
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FIG. 17. Effects ofsupplementary lightat different intensities ongrowth ofwheat (Hindivar.),
after 45 days treatment.
• stem length, o leaf number, x tillersnumber, A multiplied ratio.

Thisbecomesreasonableifwesuggestthattheexcessiveenergy(ofthesupplementarylight)isprimarilyusedinspeedingupthedevelopmentalgrowthatthe
expenseofothervegetativegrowthprocesses.
Theinfluence of supplementary light was also studied in relation to the dry
matterproduction.TheresultsgiveninTableXVIandgraphicallyillustratedin
Fig.18,shownosignificantdifferences indryweight,neitherforthewholeplant,
norfor therootsandtopsseparately.Whentheroot/topratiowasconcerned,it
wasfound that thisratio increased when the supplementary light intensity was
increased from 0to 1370ergs/sec./cm20sph. With a further increase of up to
11000ergs/sec./cm20sph.thecasewasreversedandtheroot/topratiodecreased
oncemore.Howeverall these differences were not quite significant, and could
equally wellbeattributedtodifferences indevelopmentortosamplingerror.
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TABLE XVI
Dry weight (g), and rootItop ratio in wheat as influenced by different intensities of supplementary light; Hindi variety, after 45 days treatment
Suppl.
light int.
ergs/sec./
cm 2 0 sph.
0
1370
11000

fresh

dry

27.3
26.2
25.9

3.05
3.15
3.7

Top

Root

Entire plant

%

fresh

dry

10

fresh

dry

%

11.2
12.0
14.1

9.2
9.1
8.4

1.0
1.05
1.2

10.8
11.5
14.2

18.1
17.1
17.5

2.05
2.10
2.50

11.3
12.2
14.2

dry weight
m gr/plant

Root/top
ratio

0.487
0.500
0.480

ratio
root/top

5000 (-„-A-

- 0.5 0 0

4000

- 0.400

7 8 9 10 11 12
x 103ergs/sec/cm20sph.
FIG. 18. Dry weight production and root/top ratio as influenced by different intensities of
supplementary illumination. After 45 days treatment.
• entire plant, o top, x root, A root/top.

Concerning the influence of the supplementary light on the physiological
development, it is obvious from Fig. 19,that the higher the light intensity, the
quicker the progress towards reproduction willbe.Thisproved to be true when
both initiation and development of the spike were considered. After 3weeks of
treatment, theplantsreceiving 1370and 11000 ergs/sec./cm2asph., reached the
second andfifthtransition stages respectively, whiletheplants ofthethird (dark)
series,werebackward and most ofthem failedtodevelopfurther than the second
preparatory stage.The ratioofdevelopmentofthedifferent treatments remained
nearly constant, and after 6weeks the plants were in the fifth developmental,
the first developmental, and thefourth preparatory stages respectively.
3 . VEGETATIVE GROWTH AND DEVELOPMENT OF WHEAT AS INFLUENCED BY
LIGHT INTENSITY DURING THE DAY

Up to the saturation point, a linear relationship exists between the rate of
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photosynthesis and the light intensity. This relationship continues provided
other limiting processes are absent, which of course practically cannot occur
ultimately(seefig.20).
stages (Plate I)
5

FIG. 19. The development of wheat (Hindi var.) as affected by different intensities of supplementary illumination.
• 11000ergs/sec/cm20sph., x 1370erg/sec./cm20sph., o dark.

Concerning the growth of higher plants, the function of light israther complicated.Thisislargelyduetothefactthatlightdoesnotonlyactasasourceof
energy, but alsoasa factor regulating various morphological characteristics in
the plant. When stem elongation is considered, light intensities ranging from
31000to 135000ergs/sec./cm20sph.at 22°C(averagetemperature),werefound
to exert a suppressive effect on stem elongation. ThefigurespresentedinTable
XVII, and graphically illustrated in Fig. 21 indicate that within the range
mentioned,thehigherthelightintensity,theshorterwillbetheplantsproduced.
However,thesuppressiveeffect oflightintensityismoreobviousbetween31 000
and80000ergs/sec./cm20sph.Itisinterestingtonoticethatstemelongationinthe
controlplants(inthegreenhouse)wassignificantly greaterthaninplantsgrown
constantlyintheartificiallighttreatments.Itispossiblethatdifferences inlight
intensity and also in light quality are responsible for the early developmentof
the control plants and subsequently for the significantly greater elongation of
theirstems.
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TABLE XVII
Vegetativegrowthinwheat asinfluencedby differentintensities oflight;
Hindivariety,after58days treatment
Lightintensity Stem length
Leaf ratio
Multipliedratio
Tiller number Leaf number
ergs/sec./cm2
(cm)
1/br
(lxbr)cm 2
0 sph.
135 000
80000
31000
control

27 ± 1.41
30.5 ± 2.22
47.5 ± 1.70
7.25 ± 3.09

22.2 ± 1.24
13.1 ± 0.59
5 ± 0.32
8.1 ± 0.60

28/1.2
26/1.0
30/0.8
23/0.9

9.5 ± 0.40
8.3 ± 0.33
6.6 ± 0.25
6.5 ± 0.22

33.6
26.0
24.0
20.7

mm 3 C 0 2 / c m 2 /hour
100 r

e
50

0

20°C

--

_.X
X

/
1

-12°C

"
10
104ergs/cm2/sec.

mm 3 C 0 2 / c m 2 / h o u r
100 r-

20"C
50

X—X-11.2°C

5

10
' 1 0 4 e r g s / c m 2 / sec.

FIG. 20. C02-consumption per unit leaf area as influenced by different light intensities.
Measurements were made on leaves from 10°C.-room (above) and 20°C.-room
(below).Heine VII var.
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On the other hand, apositiverelationship wasfound toexist between tillering
and lightintensity; thisrelationship asmadeclearinFig.21, isofthelineartype.
In theplants grown under natural illumination in thegreenhouse the number of
tillers produced per plant was relatively higher than that produced with low
stem length cm
70

r

number

60
50

25

40

20

30

15

20

X

10

1 2 3 4 5 6 7 8

_L
J
I I L _L
9 10 11 12 13 14 15
x 10 4 ergs/sec/cm 2 0 sph.

FIG. 21. Effects of various light intensities on growth of wheat (Hindi var.). After 58 days
treatment.
• stem length, o leaf number, x tillers number.

light intensity (31000 ergs/sec./cm2 0sph.),whilewithhigher intensities (80000
and 135000ergs/sec./cm20sph.)thenumber of tillersproduced was significantly
higher than that ofthecontrolplants.
Concerning the number of leaves, the differences which have been observed
cannot beconsidered of significant importance, especiallywithin therange from
80000 to 135000 ergs/sec./cm2 0 sph.Theplantsin the greenhouse on the other
hand, formed a relatively smaller number of leavesthan theplants grown under
artificial light of high intensity. So these plants show still more the "long-day"
aspect which can be related anyhow to the differences intemperature and day
lengthunderthegreenhouse conditions.
When dry weight determinations were carried out on plants of the different
lighttreatments,itwasfound thatthedrymatterproduction exactly corresponds
with the absolute amount of light energy given to the plant. The data presented
in Table XVIII, and graphically illustrated in Fig.22show that thiswastrue for
the entire plant as well as for the roots and tops seperately. This means that
below the saturation point, the dry matter production in both roots and tops
increased about linearly with the light intensity. Concerning the root/top ratio,
it wasfound that although thisratio wasincreased by increasing the light inten-
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sity from 31OOO to 80000 ergs/sec./cm20sph., a further increase to 135 000
ergs/sec./cma0sph.,waswithouteffect. Theyield ofdrymatterfrom theplants
growninthegreenhouse wasobviouslysmaller thanthatfrom theplantsgrown
under highlight intensity. This probably is connected with more pronounced
"long-day"typesothatthe cycle is more quickly completed. This experiment
was conducted in July during which thetemperatureisrelativelyhighandthe
day-lengthincludingthetwilightisabout 17hrs.
ratio
root/top

dry weight
g r / plant

0.400 0.200

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
x 104ergs/sec/cm20sph.

FIG. 22. Dry weight production and root/top ratio as affected by different light intensities.
Hindi var., after 58 days treatment.
• entire plant, o top, x root, A root/top.
TABLE XVIII
Theproduction of dry matter (g), andtherootjtopratioinwheatasinfluencedbydifferent
lightintensities. Hindi variety after 58days treatment
Light
intensity
ergs/sec./
cm2 0 sph.
135 000
80 000
31 000
Control

Root

Entire plant
fresh
81.1
46.8
9.7
22.7

dry
15.0
7.7
1.633
6.078

%

fresh

18.5
16.5
16.8
26.8

49.7
24.8
2.0
9.3

dry

Top

°/

fresh

dry

%

37.4
22.0
7.7
13.4

7.7
4.0
1.1
4.9

20.6
18.2
14.3
36.6

/o

7.3
3.7
0.533
1.178

14.7
14.9
26.7
12.7

Root/top
ratio

0.948
0.925
0.484
0.240

The influence of light intensity on the development is graphically shownin
Fig.23.Itisobviousthatwhenspikeinitiationisconsidered,increasingthelight
intensity from 31000 to 80000 ergs/sec./cm20sph. induced earlier flowering.
When the light intensity was increased further to 135000 ergs/sec./cm20sph.
the initation of the spike was significantly retarded. After 3 weeks of treatment, whenthevegetationpointswereexamined,theywerefound to reachthe
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third,thefifth,andthesecondpreparatorystagesinthethreedifferent treatments
respectively.After 6weekstreatment, thedevelopment, however,wasfound to
be more favoured at high light intensity (135000 ergs/sec./cm20sph.). The
plantsinthegreenhousewere much earlier in spike initiation and emergence
than anyoftheothertreatments.
stages
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F I G . 23. The development of wheat (Hindi var.) as influenced by different light intensities,
o low, • moderate, x high light intensities, A plants grown in the greenhouse.
4. VEGETATIVE GROWTH AND DEVELOPMENT OF WHEAT AS INFLUENCED BY
DIFFERENT SPECTRAL REGIONS OF LIGHT

Aconsiderable amount ofworkconcerningtheinfluence oflightfrom different spectral regions on the growth of plants has been conducted by many
investigators.Inthisstudy,however,atrialismadetoinvestigatethe differences
which may exist between the effect of various spectral regions when they are
giventotheplantassupplementarylight(atlowintensity)andtheireffect when
givenasexclusiveilluminationatequalhighintensity.
Beforetreatment,theplantswerekeptfor oneweekinthegreenhousewithan
8hrs photoperiod. They were then divided into two main groups, the first
received 16hrsofhighintensityinthecolouredlightcabinets,whilethesecond
groupreceived10hrsdailyinthegreenhousefollowedby6hrsof supplementary
spectrallightatrelativelylowintensity.Thespectralregionsusedinthisexperimentwereblue,redand infrared, withwhiteasacontrol.Inordertoavoidthe
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injurious influence resulting from exclusive infrared irradiation in this case,a
combinationofinfrared andgreenwasused(8hrsofeach, cf. p.53).
From thedatapresented inTableXIX,and graphically illustrated in Fig.24
it is clear that stem elongation was slightly increased by supplementary irradiation in the red and theinfrared spectralregionsascompared withthecontrols;withbluesupplementaryirradiation,thestemswererelativelyshorter than
in thecontrol plants.At highlightintensity, theplantsin thered and infrared
lightweresignificantly tallerthanthecontrolplantsinthewhitelight cabinet.It
isinterestingtonote that thesuppressiveeffect ofthebluelightwasalsoobserved under constant irradiation at highlight intensity. From thefiguresoffered
in TablesXIXandXX, it is clear that plants grown under a high intensity of
spectral light were significantly taller than thosegrownunder supplementary
lightconditions.Inthefirstcase,theaveragelengthofthestemafter 3 weekswas
about 24 cm, while in the second case after thesameperioditwasonly11 cm.
Itisprobablethatthisdependsondifferences intemperature andabsolutelight
intensity.Inthisexperimenthowever,itwasnottheintentiontocomparespeed
differences in both cases.It should benoted, however,that theleaf number is
quite of the same order ofmagnitudein both series (seebelow).

cm
number

cm
30

- 11
25
- 9
20
- 7
15

O
- 5

10
o

- 3

c
o

J_
400

500

_L
600

700

800

mjj

FIG. 24. Growth of wheat (Hindi var.) as affected by a 10+6 hours treatment with various
spectral regions at low intensity.
• stemlength, x leaf number, o multiplied ratio.
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TABLE XIX
Vegetative growth in wheatas influenced by different spectralregions given as supplementary
irradiation at lowintensity;Hindi variety,after3 weeks treatment
Spectral region

Stem length
(cm)

Leaf number

Blue
Red
Infrared
Control

8.4 ± 0.34
12.3 ± 0.48
12.0 ± 0.65
11.3 ±0.35

8.0 ± 0.14
6.6 ± 0.20
6.1 ±0.17
7.4 ± 0.25

Leaf ratio
1/br
18.4/0.6
26.2/0.8
27.2/0.75
23.2/0.6

TABLE XX
Vegetative growth inwheatas influencedby differentspectralregions giver
intensity;Hindi variety, after 3 weeks treatment
Spectral region

Stem length
(cm)

Leaf number

Blue
Red
Infrared+Green
Control

13.0 ± 1.66
31.3 ± 1.86
30.6 ± 0.94
21.3 ± 1.15

8.4 ± 0.30
6.0 ± 0.32
7.5 ± 0.53
7.0 ± 0.29

Leaf ratio
1/br
25 /0.4
39.7/0.55
33.2/0.45
34.5/0.6

Multiplied ratio
(1x br)cm»
11.04
20.96
20.4
13.92

constantlyathigh
Multiplied ratio
(1 x br) cm2
10.00
22.83
14.94
20.70

When theleafnumber perplantwascounted after 3weekstreatment, the data
show that in both cases of light treatment, the blue light produced the highest
number when compared with other regions.When the average number of leaves
produced ineach of the two caseswascalculated, no significant differences were
observed (7.03for the supplementary light and 7.20 for the exclusive light). The
differences inleaf area, however, were significant. The figures of the "multiplied
ratio" whichare given inthe lastcolumn of table XIX and XX indicate that red
light, given either supplementary or as constantly irradiation, increases the leaf
area. The main difference in the two cases is that in the first case the leaf area
increases in breadth and in the second case in length. This generally is the case
withdifferent spectralregions.
Concerning thephysiological development ofwheat asinfluenced by different
spectral regions, it is obvious from Fig. 25 that three weeks treatment under
white and red supplementary irradiation were sufficient to induce earliness in
spikeinitation while,under infrared and blue light, the plants were only in the
preparatory stages. However, somewhat later, the different effect of red and
infrared disappeared, while the plants grown under blue light remained backward.
This happened after the plants were transferred to the greenhouse for the
rest of their life. The excessive elongation of the plants especially in the high
light intensity cabinets was a difficulty for which the plantswere transferred to
the greenhouse after 3weekstreatment and kept there for further observations.
Under high light intensity, the development of the plants was found to be
more favoured byred irradiation than byany other spectral colour used. From
Fig.26itisobvious that after 3weeks of treatment with infrared (infrared and
green), white and red spectral lights, the vegetation points were in the 1st, 2nd
and 4th developmental stages respectively. In the blue light (at high intensity),
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although spikeinitiation wasreached, thevegetation points showedno further
development than to thefirsttransition stage.It isimportant to note that with
high lightintensity,thespectralregionsusedweresignificantly moreeffective in
speeding up the initiation of the spike, than with supplementary light at low
stages (Plate i )
D

c
a.
o
-a

'

3
2

/

1

/
/

5

/

4

t

/

//

/

/

/

//
/ /

/' /

ß

>' f-'
/

/
/
/

f •' '/ / /

3

' /
'X
'/

2
1

O X
- /

fi

4

/

^

•

/

/

/

a t /

b

/

/

t/

4
O

•**

3

•o
u
a.

-

2

-/ V

;

/ /

1

r

i

i

i

i

i

i

i

i

i

i

i

9 10 11
weeks
FIG. 25. The development of wheat (Hindivar.) as affected bya 10+ 6hourstreatmentwith
various spectral regions at low intensity.
• blue, o infra-red, x red, A white.

intensity.Inthefirstcase,theplantsintheredlight,after threeweekstreatment,
reached the fourth developmental stage, while in the second case, the plants
wereonlyinthethirdtransitionstage.Thetemperatureinsidethecabinets, being
ofmajor importance,waskeptconstantlyat20°-22°C.Astothelightintensity,
seeTableI.
5. DISCUSSION

Although thenatureofthereactionprecedingflowerinitiationisobscure,the
response of a certain plant to different photoperiodic conditions indicates that
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flowering isentirelydependentonachainofreactionswhicharesensitivetoany
change in the environmental factors. The photoperiodic reaction, however, is
toocomplicatedtorelateittoonestimulatingfactor, anditspatternismodified
or the reaction even prevented by other factors, such as temperature, light
intensity, COa-concentration,andthe form in which energy is supplied to the
stages (Plate i )
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FIG. 26. Effects of various spectral regions at high intensity on the development of wheat
(Hindi var.); 16hrs photoperiod.
x red, o infra-red + green (8 + 8hrs), • blue, A white.

organism. Some of these factors have been previously studied by various investigators.Themainpointwhichwillbeprimarilyconsideredinthisdiscussion
is the role of the energy utilized by the wheat plant, in relation to the photoperiodicreaction.
Theevidencepresentedintheprevioussectionsofthischapter suggests some
modifying effects ofdifferent light intensities onthephotoperiodicresponsesof
the plants. These modifying effects were found to differ according to the conditions of the experiment. It has been demonstrated, e.g., that increasing the
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light intensity beyond a certain level during the high light intensity period
resulted in a significant retardation of the transition from the vegetative to the
reproductive stage. On the contrary, during the supplementary illumination
period, increase of the light intensity was significantly favourable in inducing
earliness both in initiation and development of the spike. In this respect one
must note that inthefirstcasetherange of light intensity usedwasmuch higher
than in the second case (Table I). Thus, it can be assumed that light energy,
which is known to influence the rate of photosynthesis in a linear relationship,
could not be eliminated as it is an important factor affecting the photoperiodic
reactions in the plant. However, the influence seems to be positive at relatively
low light intensities. In her studies of the metabolic processes in relation to
the photoperiodic reaction in spinach, WAGENAAR (1954) showed that there
was no difference in flowering between plants grown at high and low light
intensities. This result should be considered cautiously, especially when we
know that two different sources of light have been used in her experiments. In
such a case,it is quite likely that the responses produced, resulted from spectral
differences, as wellas from differences in light intensity. The importance of this
factor wasalsoreported by WAGENAARwho stated that the spectral composition
of the two types of lamps used might be more decisive for the reactions of the
plants. In the present investigation, a wide range of light intensities was producedbyusingonly"daylight" fluorescent tubesasa sourceoflight.
Although a definite relationship between the photoperiodic reaction and the
products ofphotosynthesis has not yetbeen established, there aremany reasons
to suggest that the distribution of these products within theplant is significantly
influenced by the photoperiodic treatment given. This influence, as shown in
the different responses of the plant, seems to be of a hormonal nature.
This means that the distribution of the photosynthetic products during the
different aspectsof growth ismainlycontrolled bytheproduction ofa hormonelike substancewhich,probably, issensitive to differences in the photoperiod. In
almost allthecasesexamined, itwasfound that after the reproductive stage was
reached, the area of the extending leaves produced was relatively smaller than
that of the leaves produced before this stage. Moreover, the tiller formation
ceased. Thus it seems quite likely that the energy provided for the plant after
the transition stage is reached is used for the spike formation and perhaps for
inducing stem elongation. In this respect, it is important to note, that the elongation of the stem coincides with spike formation. This phenomenon was recentlyreported by BERNARD (1955),who stated that elongation ofthe internodes
of the vegetative axis commences when the spike starts to form. More anatomical studies are required, however, to demonstrate the exact time at which
elongation ofthestembegins(prior, during or after thespikebeginsto form).
Turning to the antagonism of spike formation and the production of new
tillers, it is quite possible that the hormone-like substance which was suggested
before inhibits theformation ofnewtillersand leaves.In suchacase,the energy
is utilized by the plant for growth of the bud initials in the axils of the undeveloped leaves. There is another possibility that, after the induction occurs,
the differentiated bud initials may inhibit the formation of new tillers and
leaves by means of another hormone, different from that which caused the
induction itself. It is interesting to note that, after the transition from the vegetative to the reproductive stage, the leaf initials fail to develop, and the number
of leaves which expand is restricted. Moreover, the leaf area of the late expan-

51

52

56(7)

dingleavesbecomesrelatively small.It isnotknown whetherthisphenomenon
refers to a hormone effect or to the shortage of energywithin theplant.Itis
alsofound thatevenunderhighlightintensitiesnotillersareformed intheaxils
oftheselateleaves.Thismakesthefirstsuggestionmoreprobable.
Under favourable photoperiodicconditions(16hrs),spikeinitiation inwheat
was found to be retarded by increasing the light intensity beyond a certain
limit. This could be interpreted by suggesting that high light intensities are
destructive for the hormone, or at least limit its formation. This destructive
effect wassuggestedpreviously to explaintheinfluence ofthelight interrupting
the dark period in suppressingfloweringin short-day plants.The fact that the
wheatplantsunderhighintensities initiate thespikelaterthanunder moderate
light intensities supports the idea that light is not a destructive factor in the
first casebut onlylimitingfor theinduction process.In thisrespect, ithasbeen
observedthatthelightenergywasmostlyusedinincreasingthenumberoftillers
whichreachedamaximumunderhighlightconditions,seeFig.21.Ontheother
hand,duringthesupplementaryillumination,earlinessisfavoured byincreasing
light intensities within the range used, which intensities really are much lower
thanthemaximumforoptimalinduction.
Another important observation is that the maximum response to different
photoperiodic treatmentswasinducedwhentheday-lengthwasincreased to24
hrs, while the dry matter production reached a maximum under a 16-20 hrs
treatment. This could indicate the independence - in principle - of the photoperiodicreactionfromthephotosyntheticprocess.Thisevidence,however,isnot
conclusive,especiallybecausethebiochemicalreactionswithintheplantdepend
moreontheactivitiesofenzymesconnectedwithcarbohydratemetabolismthan
on the absolute amount of the photosynthetic products. For this reason, increasingthelightintensitybeyond acertain limit,although it increasedthe dry
weight production, had no effect in speeding up spike initiation, but rather retardedit.
In another experiment which was conducted outdoors under two different
conditions of day-length(10+ 0and 10+ 6hrs),duringthefirst50daysthere
wasnosignificant difference betweenthetwotreatments.Laterinsummer, after
210days,thesetreatments showed obviousdifferences. Thiscan onlybeunderstood if day-length, as a factor controlling plant growth and development, is
highly dependent on the temperature conditions.Obviously,thephotoperiodic
reaction was limited by the low temperature during the first growth period,
while during the summer the temperature was sufficiently high to give a more
pronounced photoperiodic response. It is also very probable that the rate of
developmentoftheplantisofmajor importance ininducingsuchdifferences as
mentionedabove.
Astotheinfluence ofspectrallightonthegrowthanddevelopmentofwheat,
the results under supplementary light were significantly different from those
obtained in high light intensity conditions. The only constant influence was
observed when the blue light (through perspex"OldBlue27"filter)was used.
Inbothcases,thebluelightshowedaninhibitoryeffect on both initiation and
development of thespike.In thisconnection, it is worth mentioning that, in a
previousexperiment,inwhichthebluefilternr.21wasusedinthehighintensity
light cabinet, thebluelight showed no inhibitory effect on the development of
the plants. This seems surprising, but as seen from Fig. 4 this may be due to
transmission ofsomevioletandinfrared throughthistypeofscreen.Inthisres-
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pect, ÂBERG (1943-1946), using high pressure mercury lamps,showed that the
violet-blueregion didnotsuppresselongation oftomato plants.
As to the influence of the red light, it seemsjustified to emphasize its favourable effect on the development of wheat especially at high intensity. This indicates the importance of both light energy and quality in inducing growth and
development of plants. In this respect STOLWIJK (1954), discussing the work of
BORTHWICK et al.(1952), stated that their concept of the photochemical equilibrium implies that thelightresponse isindependent oflight intensity. This however doesnot mean that the absolute amount oflightenergyabsorbed byany of
thepigmentsisof no importance.
In our experiments in the high light intensity cabinets, infrared was used
together with green light (8 hrs from each). Thus a comparison with other
spectralregionsisnot reliablebecause ofthedifferences inthe photosynthetically
active light.

CHAPTER V

NITROGEN
Ever sinceithasbeenclaimed that theC/N ratio,withtemperature and photoperiod, is a decisive factor in flowering, many controversies have existed among
the results of different investigators. Some of these results are quoted in the
review of literature (Chapter I) concerning this point. The aim was to see
whether N concentration influences vegetative growth proceeding towards
development, and whether this can be expressed quantitatively in some way or
other. For this reason, the development of the wheat plant was studied in
relation to N supply under three different environmental conditions of light
intensity, photoperiod, and temperature, while also the C/N ratio has been
taken into consideration.
1. VEGETATIVE GROWTH AND DEVELOPMENT OF WHEAT AS INFLUENCED BY
NITROGEN CONCENTRATION IN RELATION TO LIGHT AND TEMPERATURE

Concerningthevegetativegrowth ofwheat,the resultsgiveninTableXXI and
graphically illustrated in Fig. 27, indicate that at high nitrogen concentration,
tillering, leaf formation, and leaf area increase with increasing light intensity.
With the exception of the leaf area, this was also true for low nitrogen concentration. Increasing the light intensity did not increase leaf area when the
nitrogen supplywas restricted.
With both nitrogen concentrations used, stem elongation decreased upon
increasingthelightintensityupto 135000ergs/sec./cm2osph.Itseemsimportant
to note that when tiller number and leaf area are considered, the quantitative
differences between thetwonitrogen treatmentswerevery obvious.
The influence of nitrogen concentration on the leaf number is presented in
Table XXI. Under different light treatments, the leaf number was decreased by
decreasing nitrogen concentration. It was also found that theaverage reduction
over thethree light treatments was 1.3 leaves.Another important observation is
that the difference in leaf number between low and high nitrogen treatments
increasesbyincreasingthelight intensity.
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FIG. 27. Theinfluence ofvariousnitrogenconcentrations onthegrowth ofwheat (Hindi var.)
af different light intensities. Full-drawn lines: +N, broken lines: -N.
x stem length, A leaf number, • tillers number, o multiplied ratio.
TABLE XXI
Vegetativegrowthin wheatin relation to nitrogenconcentration at different lightintensities;
Hindi variety,after42days treatment
Stemlength Tillernumber Leaf number
(cm)

Leafratio
(1/br)

Multiplied
ratio
(lxbr)

+N
-N

18.5± 0.92
12.0 ± 0.94

22.1 ± 1.03
5.0 ± 0.22

9.2 ± 0.37
6.5 ± 0.37

47.5/1.5
29/0.8

71.25
23.2

80000

+N
-N

18.6 ± 1.14
12.7 ± 1.04

18.6 ±0.40
3.5 ± 0.22

8.2 ± 0.37
7.5 ± 0.22

46/1.3
35/0.9

59.8
31.5

31000

+N
-N

21.7 ± 1.62
20.0 ± 1.05

1.6 ± 0.40
0.5 ± 0.22

6.0 ± 0.0
5.8 ± 0.20

49.7/0.9
49/0.9

44.7
44.1

Lightintensity
ergs/sec./cm*

Nitrogen
concentration

135000

i»sph.
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When the dry matter production of thewheat plant wasdetermined, it was
found that with both nitrogen treatments, the dry weight had gradually increased by increasing light intensity (Table XXII and Fig. 28). The only
difference observedbetweenthetwotreatmentswasthatthedrymatter productionwasmuchgreaterinplantsgrownatahigh than atalownitrogenconcentration.Thisdifference, however,correspondswiththéabsoluteamountoflight
energywhichmeans that thehigherthelightintensityapplied,thelargerwillbe
the differences between the two treatments. Another important observation is
that the root/topratiowasfavoured bylownitrogenconcentration.Thisgenerally was true under different light intensities. This clearly indicates that the
growthoftherootsisrelativelypromotedbylownitrogenconcentration.

dry weight
g/plant
20 r

ratio
root/top
- i 2.000

-

1.500

-

1.000

- 0.500

7 8 9 10 11 12 13 14
x 10*ergs/sec/cm20sph.

FIG. 28. Effects ofvariousnitrogen concentrations onthedryweightproduction and root/top
ratio in wheat plants grown at different light intensities.
Full-drawn lines: +N. Broken lines: -N
• root, x top, A entire plant, o root/top ratio.
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TABLE XXII
Theinfluence of nitrogenconcentrationondryweight (g)productionandon the rootItopratio
of wheat under differentconditions of lightintensity;Hindivariety, after45days treatment
Light intensity
ergs/sec./cm2
0sph.

Entire plant
Nitrogen
concentration fresh
dry

Top

Root
fresh

dry

fresh

dry

Root/top
ratio

+N

69.9

16.9

24.7

9.3

45.2

7.6

1.223

-N

16.1

4.1

9.0

2.5

7.1

1.6

1.500

+N

42.1

10.4

10.9

5.6

31.2

4.8

1.166

-N

13.6

2.3

8.1

1.4

5.5

0.9

1.555

+N

6.0

2.1

1.4

0.9

4.6

1.2

0.750

-N

4.9

1.3

1.2

0.6

3.7

0.7

0.857

135 000

80 000

31000

Theinfluence ofnitrogenconcentrationinrelationtotemperature on thedry
matterproductioninwheat wasalsostudied.ThedatapresentedinTable XXIII
and graphically illustrated in Fig. 29, show that the differences in dryweight
betweendifferent nitrogentreatments become moreapparentbydecreasingthe
temperature. The stemgrowth, however, was more sensitive to changes in nitrogenconcentrationat20°C,thanat 10°or27°C.
dry weight
mgr/plant
-i 6.000
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FIG. 29. Stem length and dry weight production as affected by nitrogen concentration under
different temperature conditions; Hindi var., after 8 weeks treatment.
Full-drawn lines:stemlength, broken lines:dryweight, o 10°C, x 20°C, • 27° C.
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TABLE XXIII
Stem lengthanddry weightproductionin wheatas influenced by nitrogenconcentration under
differentconditions oftemperature; Hindivariety,after56days treatment
27 °C
Nitrogen
concentration

-N
N

+N

20 °C

10 °C

Stem
length (cm)

Dry weight
(gr)

Stem
length (cm)

Dry weight
(gr)

Stem
length (cm)

Dry weight
(gr)

16.50 ± 1 . 0 3
16.7 ±0.98
16.90 ± 1 . 1 0

1.95
2.20
2.40

39.4 ± 1 . 1 6
42.2 ± 1 . 9 8
51.5 ± 1 . 2 4

2.25
3.15
3.65

12 ± 0 . 9 0
14.4 ± 0 . 6 4
15.2 ± 0 . 7 7

0.55
1.15
2.20

Concerning the development of wheat, there is much evidence that low nitrogen concentrations have a favourable influence in inducing early spike
initiation. Thiswasalsofound at thetwolightintensitiesused,although itwas
moresignificant athigh than at lowintensity.Whentheplantsweredissected45
stages

(Plate i )

5

3.1

8.0

13.5
4

x 10 ergs/sec/cm 2 0 sph.

FIG. 30. Effects ofvarious nitrogen concentrations on the development of wheat (Hindi var.)
under different conditions of light intensity.
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days after planting, it was found that the plants grown under combined conditions of high nitrogen concentration and high light intensity had only reached
the second transition stage, while those grown at low nitrogen concentration
had already reached the fifth developmental stage. This big difference was not
noticed with the plants grown under low light conditions. In the last case the
difference produced between the two nitrogen treatments did not exceed one
stage on the scale. The data concerning the development of the wheat plant
under different conditions oflightand nitrogen isgraphicallygivenin Fig.30.

2. C/N RATIOASINFLUENCED BY LIGHT INTENSITY, PHOTOPERIODISM, AND NIGHT
TEMPERATURE

In order to study more accurately the interrelation of the metabolic processes
within the plant and its development, some chemical analyses havebeen carried
out in order to estimate the ratio between the total sugars and soluble nitrogen
compounds (C/N ratio).Thefiguresgivenin Tables XXIV, XXVand XXVI are
obtained by analysis of plants grown under the different environmental conditions mentioned above. The analyses were carried out with the aid of the
"Laboratory for Soil Testing and Plant Analysis", Oosterbeek/Holland. The
author wishestothank Ir. W.Domingo for hiskindcooperation inthis matter.
The results presented in Table XXIV indicate that, under both high and low
light intensities, C/N ratio was always favoured by low nitrogen treatments.
Withhighlightintensity,however,thedifferences in this ratiowererelatively larger than those produced with low light intensity. From thelast two columns of
Table XXIVitisalso obvious that the difference in the C/N ratio coincides with
thedifference inthephysiological development oftheplant.
TABLE XXIV
CIN ratioat differentlightintensities inrelation to thedevelopment of wheat (at two different
levels of Nconcentration)
Light intensities
ergs/sec./cm2
0 sph.
31000

135000

Soluble N
Nitrogen
concentration compounds

Total
sugars

C/N

Development on the scale
(plate 1)

-N

0.027

4.92

182

Firsttransition stage

+N

0.044

4.95

112

Fourthpreparatory stage

-N

0.056

18.61

332

Fifth developmentalstage

+N

0.044

6.74

153

Secondtransition stage

When the photoperiodic influence was considered, the results given in Table
XXV indicate that, with the exception of the first treatment (8+ 0),there was a
gradual increase in the C/N ratio by increasing the day-length treatment up to
24 hrs. Moreover, it was found that this increase in the ratio coincides with the
rate of development reached by the plant. Whether the C/N ratio, under certain
conditions, is a result or a cause of the development of the plant, will be discussedlaterinthis chapter.
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TABLE XXV
CjN ratioinrelation tophotoperiodasinfluencing thedevelopment ofwheat
Photoperiod
hrs

Soluble N
compounds
%

Total sugars
%

C/N

Development on the scale
(plate1)

8+ 0
8+ 4
8+ 8
8+12
8+16

0.066
0.057
0.053
0.037
0.027

7.76
6.37
6.41
10.00
10.20

117
111
120
270
377

Third preparatory stage
Third developmental stage
Fifth developmental stage
Full heading
Full heading

The data presented in Table XXVI show that theinfluence of night temperature on thedevelopment oftheplant alsocoincides withitsinfluence on the
C/N ratio. At 2°C, however, the development was relatively slow even with
higher C/N ratio.Thisislargelydueto thefact thatat suchalowtemperature,
thewholeofmetabolic processeswithin theplant proceedat alowrate,which,
however,stillmaybesensiblydifferent forvarioussingleprocesses.
TABLE XXVI
CjN ratioinrelation to nighttemperature asinfluencing thedevelopment ofwheat
Night
temperature °C

Soluble N
compounds
%

Total sugars
%

C/N

2°
10°
20°
27°

0.033
0.041
0.038
0.049

2.08
1.78
2.68
2.70

63
43
70
55

Development on the scale
(plate 1)
Second transition stage
Fourth transition stage
Full heading
Seconddevelopmentalstage

Theratio between thedrymatter content ofearsand that of stems + leaves
as influenced by different nitrogen concentrations was studied. An experiment
wasconducted outdoors (December 1954)under controlledconditionsof daylength (10 + 0and 10+ 6hrs). The results given in Table XXVII indicate
that the higher the nitrogen concentration, the lower was the ratio. This was
found to be true under both photoperiods. On the contrary the absolute dry
matterofeitherearsorstemswasfound tobefavoured athighnitrogenconcentrations. Under short-day conditions thedry matterproduction,especiallythat
of the ears was relatively lower than under long-day conditions. This is not
astonishing,becauseatthetimeofsampling(8July),theplantsfromtheshort-day
treatment wererelatively lessripened than those from thelong-day treatment.
TABLE XXVII
Dry mattercontentof ears,andstemsasinfluencedby nitrogen concentration
Ears
^^~
^/'sterns
+
stems+leaves s'
leaves

Dry weight (gr)

Nitrogen
treatment

Day-length
(hrs)

Fresh weight
(gr)

entire weight

ears

+N
N
-N

10+6
10+6
10+6

29.0
25.4
16.3

20.87
17.33
10.25

8.28
7.42
4.78

12.59
9.91
5.47

65.7
74.8
87.3

+N
N
-N

10+0
10+0
10+0

22.7
20.4
18.0

13.14
12.02
10.67

3.30
4.23
3.62

9.84
7.79
7.05

33.5
54.3
51.3
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3. DISCUSSION

Therehasalwaysbeenaconsiderablecontroversy,astowhethernitrogenplays
an important role in thefloweringprocess of higher plants. If it does, plants
mightbeexpected tofloweronlyunder certain conditions of nitrogen concentration.Itwasfound inthisinvestigation thatthetransitionfrom thevegetative
tothereproductive stageinwheatwas possible under awiderange ofnitrogen
concentrations. Earliness infloweringhowever, was found to beinfluenced by
the nitrogen concentration, especially at high light intensity. Thus,it becomes
clearthatthedifference intherateofdevelopmentofacertainplantgrown under
certainnitrogenconditionsispartlydependentonthelightintensity.The figures
giveninTableXXIVclearlyshow,that atlownitrogen concentrations thepercentage of the soluble nitrogen compounds was significantly increased (about
twice) by increasing the light intensity, while the sugarsweremuchmoreincreased. In thisway,theC/N ratio isconsiderably influenced bylight intensity
especially at lownitrogen level.Theinfluence oflightintensity onthe nitrogen
contentinChlorellawasalsofoundbyAACH(1952).
Returning to the interrelation of nitrogen concentration and rate of development,itseemsjustified tostatethatlownitrogensupplydoesnotalwaysmean
a corresponding decrease in the nitrogen content of the plant. When the C/N
ratio wascalculated, a direct correlation was found to exist between this ratio
and therate of development under the two light intensities used. The question
that arisesis, whether thisratio isa causeor a resultof the transition process
from the vegetative to the reproductive stage. The results produced, prove
beyond doubt that the C/N ratio is sensitive to changes in other factors (light
intensity, photoperiod and night temperature), as well as to nitrogen concentration.
Apositivecorrelationwasfoundtoexistbetweentherate of development and
the C/N ratio as influenced bythe different photoperiods. Only one exception
wasnoticed;the ratio in the 8+ 0hrswasa little higher than in the 8+ 4hrs
treatment, while the development inthelattercasewasmore advanced.When
thenighttemperaturewasconsidered, itwasalso demonstrated that acorrelationexistsbetweentherateofdevelopmentandtheC/Nratioat10°C,20°C,27°C.
At 2°C, on the other hand, development wasrelatively slower in spite of the
relativelyhighC/Nratioproduced.Ifdevelopmentisreallyaresultofthisratio,
theplantsgrownat2°Cnighttemperature shouldbeexpectedtobemoredevelopedthanthosegrownat 10°or27°C.
It is,however, quite possible that the high C/N ratio produced at suchlow
temperature(2°C),hasnorelationtodevelopment,because most of thebiochemicalprocessesareinhibitedatlowtemperatures.Anyhow,theconceptthatthe
plantcouldbeshifted from vegetativegrowthtoreproductionbyincreasingthe
C/N ratio, cannot begenerally accepted because under certain conditions the
ratio could be increased without causing any subsequent development. In the
lightoftheseresults,thefollowingcanbeconcluded:
a. The C/N ratio isnot a decisivefactor inflowering,asit has been demonstratedthatthetransitionfromvegetativegrowthtoreproductioncantakeplace
underawiderangeofthisratio.
b. On the other hand, when earlinessinfloweringisconsidered,thecorrelationbetweentherateofdevelopmentandtheC/Nratiomayindicatea significant
influence of thisratio. However, evennow, it isnot easy to statewhether this
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influence comes before or after the physiological transition from the vegetative
to thereproductive stage.
c. The C/N ratio can be altered by various external factors, such as light
intensity and nighttemperature, aswellasbynitrogen concentration.
There is good evidence that at relatively low temperatures, the influence of
nitrogen upon dry matter production is greater than at higher temperatures.
This may be explained byassuming an influence of the nitrogen level on photosynthesis (cf. PIRSON, 1937). This influence may be more pronounced at light
saturation than at limiting light intensities.At low temperature, light saturation
may have been reached, even at the moderate light intensity used (cf. fig. 20).
An increase innitrogen levelmay then beaccompanied byan increase in photosynthesis, relatively greater at low temperature than at high temperature.
CHAPTER VI

GENERAL DISCUSSION
THE INTERRELATION BETWEEN GROWTH AND DEVELOPMENT

Asitwasdifficult toeliminatethegrowthresponses oftheplantfrom its development, the interrelation between these processes remained obscure. Whether
these twoprocesses are independent from each other ornot wasconsidered long
ago by some investigators. LYSENKO (1928, 1935, 1954) claimed that the developmental phases of a plant proceed in a strict sequence quiteindependent of the
vegetative growth. On the contrary it isgenerally accepted that the interrelation
between growth and development renders the plant unable to enter the reproductive stage before a certain growth is reached. Before supporting the opinion
of any of those workers,it isappropriate to refer tosome resultsconcerning the
following:
a. The possibility of producing pure vegetative growth without flower induction.
b. The possibility of inducing the physiological development of the plant
without thenecessityof growth.
It has been proven beyond doubt, that the first type of growth can be easily
produced under certain conditions. In this respect GARNER and ALLARD (1931)
wereabletosuppressthefloweringofthreespeciesoflong-dayplantsfor periods
of 8or 9years, bycontinually exposing them to short-day conditions. LYSENKO
(1931) showed also that maize (a short-day plant) produced onlyvigorous vegetative growth, when grown under long-day conditions.It has been demonstrated
in the previous chapters that different photoperiodic treatments fail to produce
pure vegetative growthinwheatwhen theplants arepreviouslyvernalized. Pure
vegetative growth was only produced when the annual variety Heine VII was
grown in springfrom unvernalized seeds. From theseresults it seemsjustified to
state that theseplants, under certain conditions, can growvegetatively without
any morphological indication ofdevelopment.
As to the question whether it is possible to induce the plant's development
while arresting vegetative growth, we must consider especially two factors,
temperature and day-length, which have a decisive effect on development. Seed
vernalization of winter annuals and biennials is a good example of inducing the
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development of the plant, even before any growth is recognized. One should
observe that the seeds must be slightly germinated, before they can respond to
the low temperature treatment. This, however, need not mean that growth, in a
quantitative sense is required for development, but only that the embryo must
beactivated before itcanrespondtovernalization. Moreover, ithas already been
demonstrated by GREGORY and PURVIS(1936),that itispossible to vernalize the
seeds while on the mother plant during a certain stage of ripening. This clearly
indicates that it isa certain state of activity rather than growth which is needed
for the embryo in order to be successfully vernalized. If on the other hand,
the seeds are fully ripened and have entered the stage of dormancy, the low
temperature willbewithout effect tillthe dormancy isbroken. Furthermore, the
results produced (Fig. 1) show that the loss in dry matter during the very early
stages of germination is too small to induce a significant growth, but is only
important for activation of the embryo. Thus, if growth is considered as an
increase in dimensions or weight, it can be concluded from these facts that, at
least in this very young stage, a plant can undergo a physiological development
without anyobservablerelationto growth.
When the photoperiodic reaction is considered, the interrelation between
growth and development seemsto bemore complicated. It isgenerally accepted
that the development oftheplant asa result of thephotoperiodic reaction is not
possible before a certain level of growth is reached, which differs according to
the prevailing conditions. In thisrespect, KOPETZ (1936,1937) suggested that a
period ofpure vegetative growth (Vr) must elapse before the plant can respond
to photoperiodic treatment. This, however, may only indicate the age of tissues
as an important factor inthephotoperiodic reactions. On the other hand, thisis
no striking proof that both growth and development processes cannot proceed
independently from each other. As long astheinduction phasecould be fulfilled
within the plant without any morphological indication, the limits of a purely
vegetative period as mentioned by KOPETZ, cannot be practically recognized.
For this reason, it has been cited by some investigators that the progress of the
plant towards reproduction can be divided into two or more separate stages,
whichmayrequiredifferent environmentalconditions. EGUCHI(1937)mentioned
two stages;the stagewhichleadsto flower bud differentiation, and the flowering
stage. SAPEGIN (1940) divided the photophase into preparatory and executive
stages. He further mentioned that during the preparatory stage, the growing
points show no morphological changes, but the conditions then prevailing
determine the number of spikelets. These stages are similar to those postulated
previously by KLEBS (1918): the ripeness-to-flower and the development of the
flowerprimordia to form the inflorescence.
In cereals, the transition from the vegetative to the reproductive condition is
firstrecognized bythe formation of the double ridge (PURVIS (1934) and PURVIS
and GREGORY (1937)).This however, seems to be of importance only from the
morphological side, because the appearence of the double ridges takes place
after the induction phase is complete, and when the transition from the vegetativetothereproductiveconditionshastakenplace.
In the light of the previous facts, a rather simple explanation for the interrelationbetween thetwoprocesses ofgrowthand developmentcanbeput forward
as follows:
1. Before the induction is brought about by any favourable photoperiodic
treatment, some substances must be produced alongside the photosynthetic
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products. The latter areusedpartly asbuilding material, especially in vegetative
growth and partly as a source of energy in all energy requiring processes that
cannot makeuse ofthelightenergy directly.
2. The production of the inducing substances, which are still unknown, is
primarily controlled by two decisive factors :temperature and photoperiod. The
vegetative growth, on the other hand, is likely to be influenced by all environmental factors.
3. When the induction of the flowering stage is complete, both the amounts
and distributionofthefood materialsbecomesignificant inpromoting thegrowth
of the flower primordia, and also in supplying the energy required for other
stages ofvegetative growth.
4. Theamount offood materials synthesized bytheplant, isprimarily dependent on light intensity, while the distribution of these materials seems to be
partlycontrolled byhormoneswhichareproduced bythefloweringorgans themselves, under certain environmental conditions.
A point of special interest, is that, at relatively lowlight intensity, although
the initiation of the wheat spike was relatively early, the growth of the spike
proceeded very slowly. This strongly supports other evidence that the amount
of light energy isof minor importance during induction but of much more importance duringthefurther development.Inthisrespectithasalsobeenobserved
that, in almost all cases studied, tillering, leaf formation and leaf area were all
suppressed as soon as the spike development had started. This apparently indicates an antagonism between growth and development. Since however, this
phenomenon is observed always after the induction phase is complete, it is
more reasonable to speak about an antagonism between different types of
vegetative growth. In suchacase,thecompetition between these different types
for food materialespeciallyat lowlightintensity isregarded asthe main reason
for this antagonistic phenomenon. This does not mean that supplying the
plants with excessive energy will entirely prevent this competition, because the
movementand distribution of food materials maywellbeconsidered to becontrolled in part by hormone-like substances. This was strongly supported by
STUART(1938) who showed that the local application of indole-acetic acid to
certain regions of bean stems induced marked accumulation of food in those
regions. CHOULDHRI (1948) dealing with Phaseolus vulgaris, also proved that
theapplication of dichlorophenoxyacetic acid(2,4-D)cangreatlydepress transport of food from the cotyledons, and prevent their abscission.
Considering these facts, it becomes clear that vegetative growth and development can proceed quiteindependently during theinduction phase. On the other
hand, after theinduction phase iscomplete, and thegrowth of the spike primordia begins, the interrelation between this growth and other types of vegetative
growth appears through their competition for food energy. Before this stage is
reached, the function of a photoperiodic treatment is to produce some kind of
hormones in the mature leaves, which play the most important part in the
flowering process. The possibility of regulating flowering by interrupting the
dark period by light for only a very short time, is strong evidence that the
induction phase can be brought about quite independent of growth. On the
other hand, the growth of the flower buds was significantly depressed at relativelylowlightintensity, which means that thisprocessproceedsat theexpenseof
thephotosynthetic products.
Nitrogen concentration was also found to beof significant importance in the
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course of growth and development of wheat. It is interesting to note that the
influence of nitrogen becomes more marked by increasing the light intensity
under which the plants are grown. Thus, it can be suggested that the role of
nitrogenwithin theplant isentirelydependent on theprevailinglight conditions.
According to CURTIS (1950), KLEBS has already mentioned that light and other
factors were of some importance in relation to nitrogen supply. When different
conditions ofnitrogenconcentration and lightintensity werestudied, the results
ofthepresent investigation wereconclusiveinshowing that:
a. Thewheatplantsgrown inlongdaysunderconditions ofhighnitrogen and
high light intensity produced very strong vegetative growth with moderate
reproductive development.Theplantswereofsimilar appearance tothosegrown
under short dayconditions.
b. Theplantsgrown under conditionsofhighnitrogen concentration and low
light intensity produced weak vegetative growth without reproductive development.
c. Theplantsgrownunderconditionsof low nitrogen concentration withlow
light intensity produced very weak vegetative growth with moderate reproductive development.
d. Theplantsgrownunderconditionsoflownitrogenconcentrationwithhigh
light intensity produced weak vegetative growth while reproductive developmentwassignificantly earlierthaninother treatments.
These results are similar to those produced by KRAUS and KRAYBILL (1918).
The only difference is that they gavemoreconsidiration totherate of flowering
and fruiting, while in this study more attention was given to earliness in
flowering.
The analysis of the plant material showed that earliness in flowering under
different conditions was mostly accompanied by high C/N ratio. Whether this
high ratio isa causeor a result ofearly flowering or a consequence of conditions
which also favour flowering is difficult to decide. This is largely due to the fact
that thelimitsoftheinduction phase aredifficult torecognize.Apoint of special
interest is that although earliness in flowering was accompanied by high C/N
ratio, the reverse was not always true. This means that flowering, in some cases
may be relatively late even with a high C/N ratio. In such cases other factors,
such as temperature and light intensity, may have caused an alteration in the
metabolic pattern, or changed the ratio sugars/soluble N directly, by influencingsomeprocessof hydrolysis.

SUMMARY

The aim of this investigation was to obtain more information about thesubtropical wheat varieties Hindi and Baladi, concerning the relationship between
growth and development asinfluenced bytemperature, lightand nitrogen.
Most experiments were made with Hindi. In some experiments the local
varieties Heine VII (a typical winter wheat) and Peko (a typical spring wheat)
wereusedfor comparison.
A. The influenceof temperature (Chapter III).
From the experiments conducted indoors under controlled conditions the
following resultswereobtained:
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1. The time required for the emergence of successive leaves is decreased significantly by increasing the temperature within the range of 10°-30°C. The
number of leaves formed on the plant showed a linear relationship with the
length of the vegetative growth period (Table IV, Fig.6).
2. The higher the temperature the lower the root/top ratio was. A fairly high
oxygen supply around the roots seemed to be necessary for optimal growth
especially at higher temperatures (Table V, Fig. 7).
3. Concerning the influence of different night temperatures onthegrowth and
development of wheat, the importance of regulating the root temperature at
the beginning of the light period to reach the room temperature as quickly
aspossiblewas demonstrated.
4. The most favourable night temperature for stem elongation was between 10°
and 20°C under the conditions of the present experiments. The higher the
night temperature, the smaller the number of tillers and the greater the number of leaves (Table VIII, Fig. 10).
5. At different night temperatures, there was a positive correlation between the
drymatter production perplant and both stemlength and leaf area.
6. At 10°C night temperature, the development of the spike was earlier than at
27°C;thereversewastrueunder constant temperature conditions.
From the experiments conducted outdoors under natural conditions of temperatureand controlled day-length ithas beenfound that:
1. The subtropical varieties of wheat, although they are grown in Egypt as
winter varieties, belong to the spring type (Table VI, Fig.9).
2. Although the vernalization process had no influence on the development of
the subtropical varieties, the yield of grains was found to be generally
favoured bythisprocess.
B. The influenceof light (Chapter IV).
From the experiments conducted indoors under controlled conditions the
following results were obtained:
1. A gradual increase of the day-length from 8to24hrs resulted in a gradual
increase in the stem length, and suppressed tiller number, leaf number and
leaf area (Table XI, Fig. XIV).
2. The highestproduction ofdryweight per plant was obtained under 16and 20
hrs photoperiod. With continuous illumination dry weight decreased once
moreasaresultofreductioninthevegetativegrowth period (Table XII, Fig.
15).
3. A strongrelationship existed between theday-length and therate of development towards reproduction (Fig. 16).
4. When a basicillumination in the greenhouse wasfollowed by a supplementary illumination of different intensities, a higher intensity of supplementary
light caused an increase in stem elongation and a decrease in tillering, leaf
, formation and leaf area (Table XV, Fig. 17).
$. The progress of the plant towards reproduction was also favoured by increasing the intensity of the supplementary light (Fig. 19).
$. Increase of theintensity of the basicillumination suppressed stem elongation
but both tillers and leaf number were significantly increased (Table XVII,
Fig.21).
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7. Lightintensityfavoured flowering upto 80000ergs/sec./cm20sph. Although
thespikeinitiationwasrelativelyslowunderhighlightintensities,thedevelopmentalgrowthofthereproductive organswassignificantly faster (Fig.23).
8. Concerning the influence of different spectral regions, threeweeks treatment
under white and red supplementary irradiation were sufficient to induce
early flowering, while under infrared and blue light, the plants had only
reached the preparatory stages (Table XIX, Fig.24).
With an illumination of 16hrs red light of high intensity spike initiation was
accelerated, with blue light it was retarded, when compared with the development in white light (Table XX).
9. Concerning the root/top ratio, it was found that this ratio was greater at
higher than at lower light intensities (Fig. 22).
C. The influenceof nitrogen(Chapter V).
1. It has been demonstrated that the influence of nitrogen is obviously dependent on light intensity (Tables XXI and XXII).
2. The C/N ratio of the plant was found to be sensitive not only to changes in
nitrogen concentration, but also to changes in other factors such as photoperiod and night temperature (Tables XXIV, XXV, XXVI).
3. Thechemical analysis(solubleC- and N- compounds) of theplant material
showed that earliness in flowering, obtained under different environmental
conditions,wasmostly accompanied byhigh C/N ratio.
4. In somecases,however, although theC/N ratiowasrelativelyhigh, flowering
waslate.Itispossible that other factors, such as temperature and light intensity, have caused an alteration in the metabolic pattern or changed the ratio
directly byinfluencing someprocesses ofhydrolysis.
5. The ratio between dry matter content of ears, and that of stems+ leaves as
influenced by different nitrogen concentrations was studied. It has been
demonstrated that the higher the nitrogen concentration, the lower was the
ratio. This was true under short and long-day conditions. On the contrary,
the absolute amount of dry matter of either ears or stems was found to be
favoured byhigh nitrogen concentration, and wasgenerally lessunder shortday than under long-day conditions (Table XXVII).
6. It has been demonstrated that the root/top ratio was generally favoured by
low nitrogen concentration under different conditions of light intensity used
(Table XXII, Fig.28).
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HET VERBAND TUSSEN GROEI EN ONTWIKKELING VAN TARWE,
ONDER INVLOED VAN TEMPERATUUR, LICHT EN STIKSTOF
SAMENVATTING

Het doel van dit onderzoek was om bij de subtropische tarwerassen Hindi en
Baladi meer inzicht te verkrijgen in het verband tussen groei en ontwikkeling
onder invloed van temperatuur, lichten stikstof.
De meesteproeven werden gedaan met het ras Hindi. In enkele proeven werden de inheemse rassen Heine VII (een typisch winterras) en Peko (een typisch
zomerras) tervergelijking gebruikt.
A. De invloed vande temperatuur.
Met laboratoriumproeven uitgevoerd onder constant gehouden omstandigheden werden devolgenderesultaten verkegen:
1. De tijd nodig voor het verschijnen van opeenvolgende bladeren nam belangrijk af door de temperatuur binnen het gebied van 10-30°Cte verhogen.
Het aantal bladeren aan de plant vertoonde een lineair verband met de
lengtevan deperiodevanvegetatieve groei.
2. Hoe hoger de temperatuur, des te lager was de verhouding wortel/spruit.
Speciaal bij hogere temperaturen scheen een goede zuurstofvoorziening van
de wortels nodig te zijn voor optimale groei.
3. Wat betreft de invloed van verschillende nachttemperaturen op de groei en
ontwikkeling van tarwe, werd aangetoond, dat het belangrijk was om de
temperatuur van de wortels bij het begin van de lichtperiode te regelen ten
einde deze zo spoedig mogelijk de temperatuur van de kamer te doen bereiken.
4. Onder de gekozen proefomstandigheden lagdegunstigste nachttemperatuur
voor de lengtegroei van de stengel tussen 10°en 20°C. Hoe hoger de nachttemperatuur,des tekleiner washet aantal zijspruiten en destegroter het aantal bladeren.
5. Bij verschillende nachttemperaturen was er een positieve correlatie zowel
tussen de productie van droge stof per plant en de lengte van de stengel als
tussen deproductievandroge stof perplanten het bladoppervlak.
6. Bij een nachttemperatuur van 10°C kwam de aar vroeger tot ontwikkeling
dan bij 27°C; het omgekeerde was het geval bij continu constante temperatuur (20 °C).
Op grond van veldproeven bij natuurlijke temperatuursomstandigheden en
constante daglengteisaangetoond dat:
1. De subtropische tarwerassen, hoewelzein Egyptealswinterrassen verbouwd
worden, tot hetzomertype behoren.
2. Hoewel vernalisatie geen invloed had op de reproductieve ontwikkeling van
de subtropische rassen, de opbrengst aan korrels in het algemeen door deze
behandeling bevorderd wordt.
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B. De invloed vanhet licht.
In laboratoriumproeven, uitgevoerd onder constante omstandigheden,
werdendevolgenderesultaten verkregen.
1. Een geleidelijke toename van de daglengte van 8to 24uur leidde tot een geleidelijke toename in de stengellengte, en deed het aantal zijspruiten,het aantal bladeren enhetbladoppervlak afnemen.
2. De hoogste productie van droge stof per plant werd verkregen bij een photoperiode van 16-20 uur. Bij continue belichting nam het drooggewicht opnieuwafalsgevolgvanhetbekorten vandeperiodevanvegetatievegroei.
3. Er bestond een sterk verband tussen de daglengte en de snelheid van de reproductieve ontwikkeling.
4. Wanneer hoofdbelichting in de kas gevolgd werd door aanvullende belichting van verschillende intensiteiten, veroorzaakte een hogere intensiteit
van het aanvullende licht een toename van de lengtegroei van de stengel
eneenafname inuitstoelen, bladvorming en bladoppervlak.
5. Ook het bereiken van het reproductieve stadium werd bevorderd door de
intensiteitvanhet aanvullende lichtte vergroten.
6. Vergroting van de intensiteit van de hoofdbelichting deed de lengtegroei
van de stengel afnemen; zowel het aantal zijspruiten als het aantal bladeren
werd echter belangrijk vergroot.
7. Tot eenwaardevan 80000ergs/sec/cm20 bolwerd debloeidoor toenemende
lichtintensiteit bevorderd. Hoewel de aar bij hoge lichtintensiteiten betrekkelijk langzaam aangelegd werd, werd degroeivandereproductieve organen
belangrijk versneld.
8. Wat betreft de invloed van verschillende spectrale gebieden was drie weken
bestraling met wit en rood aanvullend licht voldoende om vroege bloei te
induceren, terwijl met infrarood en blauw aanvullend licht deplanten slechts
de voorbereidende stadia hadden bereikt. Een belichting van 16 uur met
rood licht van hoge intensiteit versnelde de aanleg van de aar, een belichting
van 16uur met blauw licht vertraagde deze, vergeleken met de ontwikkeling
in wit licht.
9. De verhouding wortel/spruit bleek bij hoge lichtintensiteit groter te zijn dan
bij lage.
C. De invloed vanstikstof.
1. Aangetoond is,dat deinvloed van stikstof afhankelijk isvan de lichtintensiteit.
2. De C/N verhouding van de plant bleek niet alleen afhankelijk te zijn van de
stikstofconcentratie, maar ook van andere factoren, zoals photoperiode en
nachttemperatuur.
3. Chemische analysevan hetplantenmateriaal (betreffende oplosbare C-en Nverbindingen) toonde aan dat vroegebloei,bijverschillende omstandigheden
verkregen, meestal gepaard ging met een hoge C/N.verhouding.
4. In enkele gevallen was echter de bloei laat, hoewel de C/N verhouding betrekkelijk hoog was. Het ismogehjk, dat andere factoren, zoals tempera!uur
en lichtintensiteit, eenverandering in het stofwisselingspatroon veroorzaken,
of rechtstreeks de C/N verhouding veranderen door invloed te oefenen op
een ofanderhydrolyseproces.
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5. Deinvloed vanverschillende stikstofconcentraties opdeverhouding tussen
de droge-stofproductie van de aren en dievanstengels + bladeren werd
onderzocht. Aangetoond isdat deze verhouding deste lager wasnaarmate
de stikstofeoncentratie hoger was. Ditwashetgeval zowel bij korte alsbij
lange dag. Deabsolute hoeveelheid droge stof van aren of stengels daarentegen bleek door hoge stikstofconcentratie vermeerderd te worden, en was
in hetalgemeen kleiner bijkorte dag danbijlage dag.
6. Aangetoond is,dat een lage stikstofconcentratie bijde verschillende toegepaste lichtintensiteiten tot een vergroting vandeverhouding wortel/spruit
leidde.
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PLATE II

Above:vernalization effect on the development of 3wheatvarieties sown in spring (20 March
1954), outdoors, v: vernalized 45 days, c: non-vernalized, T: Heine VII, H: Hindi,
B: Baladi.
Below: the development of Baladi var. (B) as influenced by different day-length treatments
under natural conditions of temperature (sown 20 March 1954). L.D.: Long-day, S.D.:
short-day, LS.D.: transferred from long to short-day after the 4thleaf emergence. S.L.D.
transferred from short to long-day after the 4th leaf emergence.

