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ABSTRACT 

Safflower plants were grown from seed in controlled environment rooms . 

The light and dark period temperatures were 23°c and 18°c respectively. 

Plant water deficits of - 8 to - 10 bar were imposed for 20 days during 

each of the periods floral initiation , inflorescence development , 

flowering, the post flowering period , and for 12 days during secondary 

head flowering . Wat er stress during floral initiation or inflorescence 

development significantly reduced yield over water stress at any other 

stage of growth . Seed yield was reduced 46% and 57% by water stress 

during floral initiation and inflorescence development respectively , 

compared with well watered plant s . 

Of the sequentially developing trait s of seed yield , number of seeds 

per head accounted for most variation in seed yield , followed by number 

of heads per plant . Seed weight had relatively little effect on 

variation in seed yield . 

Water stress at floral initiation reduced seed yield due to a 32% 
reduction in head number per plant at final harvest . Fewer florets 

developed in each head , contributing to a 53% reduction in the potential 

seed number per plant . Water stress during inflorescence development 

reduced the number of heads per plant by 30% and the number of seeds per 

head by 34%. Water stress during the flowering period reduced seed 

weight by 23%. Thi s was attributed to a 38% reduction in seed hull weight . 

Water stress after flowering reduced seed hull content by up to 15% and 

was associated with a higher seed oil content of 26 . 5% compared with 

22 . 3% for well watered plants . 

It was concluded that safflower should be pl anted early to minimise the 

risk of water stress during inflorescence development , and that seed 

quality may be improved by dry conditions after flowering . From the 

results it was suggested that safflower may not necessarily be dependant on 

an extensive root system for its independence of late season rainfall . 
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INTRODUCTION 

Safflower (Carthamus Tinctorius L ) is an oilseed crop traditionally 

adapted to fairly low altitude , semi- arid regions . Introductions 

to America from the old centres of culture were initially grown in 

California and Mexico where they were best adapted . Successful 

development was attributable largely to the efforts of plant breeders 

through increased seed oil content and resistance to disease . 

Success from improvements of this nature may have been to the 

detriment of pr oduct i on research , since poor adaptation of varieties 

to the environment continues to limit seed yields in new areas of 

production (Cutting 1974) . Better information i s needed about how 

safflower responds under environmental stress in order to improve 

production practices and increase seed yields . 

Crop yield has been limited by lack of water in most areas, although 

safflower is particularly responsive to irrigation. Much of the 

information relating to drought effects on safflower haa in general , 

been of limited value as it has been almost entirely location and 

season specific . This experiment was designed to quantitatively 

determine the effects of water str ess on seed yield of safflower 

under controlled environmental conditions . 
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CHAPI'ER 1 - LITER.A TURE REVIEW 

Thi s review is in two main part s . The fir st part bri efl y discusses 

certain problems associated with measuring plant water deficit, 

and interpr etation of pl ant responses in t erms of yield . It then 

discusses t he relative sensitivity of some key physiological processes 

involved in yield fo rmat i on , and i n t he light of this , goes on to 

discuss t he s i gnificance of drought at different stages of growth 

t o yield format i on . The second part di scusses the significance 

of some major environmental factors to safflower growth and yield , 

and implicati ons of thi s for saffl ower pr oduction . 

1. 1 . 1 Uncertai nty in Water Defic i t Q'.lantification 

How to measure plant water stress suitably in t erms of dehydration 

level and plant r esponse , has l ong been a fundamental task in the 

development of pl ant water relations r esearch . Water flow th~ough 

plants i s driven by water potent ial gradients (Slatyer 1967 , 

Weatherley 1970) . As the rate of transpiration increases , a movement 

of water from tis sue s i nto the mainst r eam r esults i n absorption 

being le ss t han transpiration , and the lowering of water content in 

the tissue s represent s a water deficit in the plant . Water potential 

is now widely used as a measure of plant water status . It relates to 

the energy associated with the water in the plant , and is closely 

related t o plant growth . 

The relationship however , i s not always the same . The use of wat er 

potential alone , does not account for adjustment of its components 

(largely turgor , solute and matric potentials) , in response to 
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stress (Brown 1972) . It implicitly assumes absence of osmotic 

adjustment in re sponse to water deficit , therefore limi ting the 

interpretation applicable to the responses observed (Wi eve 1972). 

From the view point of plant r esponses for example , turgor potential 

is perhaps a better indicator of water stress when concerned with 

turgor-dependant processes such as growth (Hsiao 1973, Hsi ao et al 

1976) . In some cases, where r esi stance of root s and leaves to water 

movement can be functions of the transpiration rate (Weatherley 1976) , 

the flow of water is not proport i onal t o the gradient of water potential , 

and t he relationship between flux , and potential gradients may become 

non-linear (Hansen 1974) . With these facto r s acknowledged however , 

total water potential is at present probably one of the par ameter s 

most accurately measured , and mo3t easily correlatec with plant 

processes or yield. It is therefore commonly used . 

1. 1. 2 Problems i n Plant Response s Interpretation for Yield 

Almost all aspects of yield formation in plants can be affected by 

plant water deficits that. are severe and long enough , however water 

stress at certain stages of growth tnay cause more yield reduction 

than at other stages (Salter and Goode 1967) . An approach to 

interpreting stress- yield relations must therefore consider responses 

to water stress in terms of stress severit y , duration , and stage of 

growth . To determine what 'aspect s of yield formation' and how they 

are affected within t hese criteria, it is necessary to establish the 

time sequence of events that occur as water deficit develops . This 

provide s an insight into their nature . Some can be distinguished as 

causes , others as effects . These can be further characterised as 
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being direct or indirect . In practice , this is a difficult t ask , 

because changes at the mol ecular level are rapid relative to changes 

in tissue water status . Therefore , despite reviews from time to time 

of physiological re sponses to wat er stress (Crafts 1968 , Slatyer 1969 , 

Kozlowski 1972 , Hsiao 1973) , t he physiochemical mechanisms involved 

in these alterations to metabolism , r emain largely obscure . 

Nevertheless , some useful deductions can be made from considering the 

relative sensitivity t o level of deficit , of major physiological 

processes , since most sensitive pr ocesses are normally altered first 

(Hsiao 1973 , Hsiao and Acevedo 1974) . Over a period of.time , such 

alterations , in turn , may lead to other changes . As the period of 

water deficit i s extended t her efor e , the interpretation of stress 

effects for l ong term gr owth and yield is complicated as the r esult 

of indirect as well as secondar y alterations occurring . Such complexity 

of casual connections between cellular events and the integrative effects 

on yield makes quantification very diff i cult , and so in practical terms, 

little is known of how desiccation of plant tissue s during drought is 

transformed into reductions in seed yield . 

1. 2. 1 Water Stress and Leaf Growth 

The effects of water stress on the growth of leaves is important 

as they represent the major photosynthetic surface of most plants. 

In some cases as for example in lupin (Gates 1968), barley (Husain 

and Aspinall 1970) and sunflower (Marc and Palmer 1976) , the rate of 

leaf initiation may be reduced or even stopped. Generally it seems 

cell division is less affected by water defi cit than cell enlargement 
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(Meyer and Boyer , 1972) , although the relative effects on cel l division 

and cell enlargement may depend on the degree of water defic i t imposed 

(Slatyer 1969 , Hsiao 1973 , Kleinendorst 1975) . 

The supply of water to growing tissue depends on the water potential 

gradient (Slatyer 1967 , Weatherley 1970 ) . However cell enlargement 

requires t urgor for cell wall extension (Hsiao 1973) . In many types 

of plant tissue , much of the initial r eduction of water potential 

from cells at nearly fuJl turgor i s attributable to a reduction in 

turgor potential (Hsho and Acevedo 1974) . Growth therefore r eflects 

a balance between enl areement on the one hand , and the gradient in 

water potential supplying water for expansion on the other (Boyer 1968) . 

Wit h decreasing water potential , leaf growth i s generally inhibited 

sooner and more sever ely than photosynthesis (see for example , Wardlaw 

1969 , Boyer 1970a , Hsiao 1973). Boyer (1970a) found high sensitivity 

of leaf growth to small levels of desiccation in soyabean , sunflower 

and corn . Leaf e11largement was maxirnised at about -1 . 5 to - 2. 5 bar 

but wa s reduced to 25% this rate or less when leaf water potential fell 

to -4 bar . Considering the high sensitivity of leaf enlargement to low 

water potential , normal diurnal changes in water status may often be 

enough to limit leaf growth largely to the night . In sunflower, leaf 

growth during the dark period of a controlled environment was more than 

five times that during the light period (Boyer 1968) . Leaf water 

potential in the dark and light periods were -1. 9 and - 3 . 5 bar 

respectively. 
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In some situations however , growing leaves never reach water potentials 

as high as -4 to -6 bar , e . g . the leave s of plants adapted to saline 

soils (Boyer 1976) . ' Tbere is some evidence for field grown maize that 

turgor can be maintained in the face of changing leaf water potential 

by o3mo-regulation (Hsiao et al 1976 ) , and may be an important mechanism 

for adaptation t o dry conditions . 

1. 2 . 2 . Water Stress and Photosynthesi s 

The photosynthetic act i vity of leave s at reduced water potentials is 

important si nce it is r espon:-;ible for accumulation of the bulk of plant 

drymatter, and the reduced drymatter yield due to water stress can 

limit seed y:i el d . The response of photosynthesis t o declining l eaf 

water pot (:ntial appears to di ff er between species . Boyer ( 1970a , 1970b) 

found rates of photosynthesis for corn was limited at leaf water 

potentials below - J . 5 bqr , whereas sunflower was unaffected by 

de siccation until below - 8 bar , and soybean below -11 bar . More 

tentative data suggest C02 asGimilation starts to decline within a 

range of about - 5 to - l5 bar , depending on species (Hsiao 1973 ). 

When stomata close in r esponse to l eaf desiccation , there is often 

a reduction i n net photosynthesis concurrent with the reduction in 

transpiration (Brix 1962 ) . Photorespiration appears to decrease as 

leaf water potential decreases (Boyer l971b) , as does dark respiration 

in many species (Boyer 1976) . In cases where dark respiration increased 

(Brix 1962) , the rise was small and ultimately the rate declined . 

Thus decreases in net photosynthesis are unlikely to involve increases 

in respiration-. Much of the effect on photosynthesis has been 
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attributed to stomatal closure impeding the inward passage of co2 

and thus reducing C02 assimilation (Hsiao 1973) . Other studies however , 

have indicated the presence of non-stomatal inhibition of photosynthesis 

(Slatyer 1969 , Hsiao 1973) for water deficits lasting days (Boyer 1971b) 

or longer term (Jones J973) . At the subcellular level , Boyer and Bowen 

(1970) found oxygen evolution by isolated chloroplasts was inhibited 

by moderate stress when leaf water potentials fell below -12 bar in 

pea and -8 in sunflower , and inhibition was proportional to leaf water 

potential below these limits . It appears then that inhibition of 

photosynthesis by water stress involves both stomatal and chloroplast 

response s , and the net effect on co2 assimilation may depend on the 

species involved , which of the r esponses is most limiting and the 

degree of stress . In water str essed cotton, there was also some 

evidence that the photosynthetic system adjusted over a period of 

time (Jones 1973). 

After a period of low water potential , recovery of photosynthesis for 

stressed sunflower was incomplete , despite recovery of l eaf water 

potential and photochemical activity (Boyer 1971a) . The effect was 

associated with partial stomatal closure lasting several days . There 

was some evidence that for whole plants , the photosynthetic rate of 

older leaves never fully recovered , and that regrowth of the plant was 

required for a return to high photosynthetic activity (Boyer and 

McPherson 1975) . 

1 . 2. 3 . Water Stress and Translocation 

Under moderate to severe stress , movement of assimil ates in plants 
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may be reduced (Crafts 1968, Slatyer 1969 , Hsiao 1973) . During water 

stress assimilates may accumulate at sites of photosynthesis , if 

expansiJn growth is restricted sooner , and to a greater degree than 

photosynthesis . Wardlaw (1969) found that in water stressed ryegrass 

movement of photosynthate out of a mature leaf was no longer suppressed, 

if the other mature leaves were removed to eliminate sources competing 

for the dimi~ished sink brought about by reduced growth . These results 

suggest that stres~ may lower source strength due to diminished sink 

demand or by reducing photosynthesis , and lower sink strength by 

inhibiting growth , thus reduce assimilate movement. The conducting 

mechanism itself was considered to be relatively resistant to 

desiccation. Changes in translocation due to this effect, may be 

important in that the translocation pattern determines partition of 

assimilates among different parts of the plant . In studies with wheat 

(Wardlaw 1971) and maize (McPherson and Boyer 197Lf) translocation was 

apparently not prevented at levels of water stress that inhibited 

photosynthe sis . The effects of des~Lccation on source and sink that 

alter translocation patterns may therefore vary between species, and 

could be an adaptive mechanism for some species under dry conditions . 

1.3 Significance of Water Stress at Different Stages of Growth 

to yi.eld Formation 

There are many important facets of stress- yield relations and their 

interactions are particularly complex where yield of seed is concerned. 

Seed formation depends on progressive initiation and differentiation of 

tissue and otgan primordia , and contributions by the major physiological 

processes photosynthesis and translocation Of aS5imilate , nutrient 
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supply , cell division and enlargement , during the appropriate stages 

of plant growth . In turn, these events depend on the appropriate 

environmental inputs for completion of each stage of growth . When 

water is limited , tissue s and organs growing most rapidly , suffer the 

greatest check to growth (Williams and Shapter 1955 , Aspinall et al 

1964, Claassen and Shaw 1970) . The extent to which this response 

influences seed yield , will depend on the severity and duration of 

water deficit in relation to the stage of growth at which the stress 

occurs . 

1.3.1. Water Stress at Floral Initiation 

A potentially important plant response to water deficit is that 

affecting growth and development at the shoot apex at the time of 

floral initiation , due to the central role of the apex in subsequent 

plant development . Floral initiation i s the stage of plant growth 

in which the potential number of inflorescences and potential number 

of seeds to be set in each is first determined. It is also the stage 

where in determinate crops, the number of leaves to develop and 

support yield formation is fixed . The initiation of reproductive 

development exerts an influence on the timing of subsequent 

ontonogenetic stages of growth . 

The initiation of vegetative primordia can be very sensitive to small 

water deficits . In lupin, initiation of foliar primordia was inhibited 

early in the drying cycle (Gates 1968) and in sunflower , the rate of 

leaf initiation was decreased at a shoot water potential of -5 bar 

(Marc and Palmer 1976) . In these cases however the capacity for 
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subsequent resumption of initiation after stress relief was apparently 

unimpaired , and similar numbers of l eaves to well watered plants event­

ually developed . In sunflower , at levels of water stress greater than -5 

bar, a r eduction i n t otal l eaf number r esulted from the decreased rate 

of leaf initiation before t he transition to floral initiation (Marc 

and Palmer 1976) . An ext ended stress period had no additional effects, 

possi bly because water stress could no longer affect leaf formation 

after the transition of vegetative apex to the flowering state. 

Perhaps the more i mmedi ate consequence of water stress on seed yield 

around floral i nitiation i s that of r educing t he number of floral 

primordia produced and thus the number of yield sites availabl e for 

subsequent development . Fl oral initiat ion appears to be affected 

similarly to foliar init i ation by relat i vely mild and brief periods 

of water deficits . In barl ey , primordium formation ceased completely 

when t he soil water potential reached - 2 to - 2. 5 bar (Nicolls and May 

1963) . On stre ss r elief , the rate of primordial appearance increased , 

causing little effect on the total number of primordia finally developing. 

Reversible development of retarded ear i nitiation on stress relief may 

occur to a greater degree for crops with indeterminate inflorescence 

development, than in determinate species where inflorescences are 

terminal , thus restricting the number of compensatory yield sites available. 

However a prolonged stress at this stage could limit the potential 

number of seeds per plant , as development in primnrdia already initiated 

on the apex may continue at stress levels that inhibit fUl:'ther prirnordium 

formation (Nicolls · and May 1963 , Hussain and Aspinall 1970). It appears 

that just as leaf initiation may be limited by the onset of the 
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flowering state during water stress , the initiation of floral primordia 

may be influenced by the attainment of differentiation into the next 

stage of ontogeny - that of floral development. 

The effect of severe ·tiater stress at f l oral initiation appear s to 

vary between species . In sunflower , stress levels of - 10 to - 30 bar 

for ten days had relatively little effect on time of floral i nitiation 

but reduced flower ~ize by r educing tbe number of involucral bracts 

and florets contained in each (Marc and Palmer 1976) . In contrast, 

sorghum that suffered 111ilting for more than a week had a correspondingly 

later flov1ering date , but with flower heads that devel oped not unlike 

those of well watered plants (Whiteman and Wilson 1965) . 

How plant r esponse3 to water stress at flo r al i ni tiation are medi at ed 

i s still largely a matter of conjectur e . A limited supply of photo­

syr..thate to the shoot ape:< may occur at moderate stress levels due to 

inhibition of photosynthesis , however in sunflower , primordial 

initiation i s reduced at levels of stres~ (-5 bar) that do not restrict 

photosynthesis (Boyer 1970a) . As leaf expansion i s likely to be 

inhibited even for mild stress , the dema.nd for assimilate s at meristems 

may outstrip that provided by t he r estricted photosynthesising surface . 

Husain an:l Aspinall (1970 ) suggest t:hat sensitivity of primordium 

production to water stre ss is not necessarily by direct effect s on 

apical water poter~tial nor on assimilates. They speculated that the 

r esponse may develop due to the less mature apical meristem with a 

limited supply of essential factors , being monopolised by the existing 

primordia , during periods of stre ss . 
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In the sorghum study (Whit eman and Wilson 1965 ) it was apparent that 

t he floral apex might devel op at a water stress sufficient to prevent 

leaf expansion . In sunflower also , the developmental processes leading 

to inflor escence formation were relatively unaffected (Marc and Palmer 

1976) , and i n barley differentiation of initiated primordia continued 

at levels of str ess i nhibiting f urther initiation (Nicolls and May 

1963 ). I t appears therefore , that vegetative gr owth may be mor8 

sensitive to stress than reproductive gr owth and development of 

i nitiated floral primordia less sensitive than the i nitiation process . 

1. 3 . 2 . Water Stress During Floral Dev'3lopment 

Yield r eductions in many annuals are the most severe due to water str ess 

between floral initiation and flowering . (Salter und Goode 1967) . At 

this stage of growth competition for assimilate withi n the deve:ioping 

plant i s severe , and floral development i s very dependant on the 

photosynthetic activity of the developi ng l eaves . In barley , a delay 

between initiation and exten3ion of n tiller bud prevent :.:; further 

development of the bud (Gallagher~~ 1976 ),. Thus the potential 

number of inflorescences per plant may be limited at an early stage 

if water stress prevents el ongation of stems subt ending buds . 

Often the most sever e and direct influence on seed yield i s rep0rted 

to be a lowering of seed set . An increase in floret sterility has 

contributed directly to a yield r eduction in barley (Aspinall ~!::. al 

1964) , wheat (Langer and Ampong 1970) and maize (Moss and Downey 1971, 

Damptey and Aspinall 1976) . The str ess levels imposed were drying 

cycles to wilting point in barley , 25% soil water holding capacity 
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in wheat, less than 84% relative turgidity for maize (Moss and Downey 

1971), and down to about - 13 bar for maize (Damptey and Aspinall 1976) . 

The physiological reasons for the effect however are little understood . 

Changes in the availability of carbohydrate and nutrients may be 

an important way by which the effects are mediated, since a reduction 

in either can lead to a lower seed number (Slatyer 1969) . 

In maize, growth of the uppermost auxillary inflorescence was inhibited 

during any period of water deficit coinciding with rapid growth, but 

this inhibition was compensated by rapid growth after stress relief 

(Damptey and Aspinall 1976) . Similarly, brief inhibition of l eaf 

enlargement can be rever sed on stress relief, as the tissues appear 

to enter a rejuvenating phase (Gates 1968) . Compared with the complete 

suspension during stress of primordial initiation, cell division may 

continue at stress levels that inhibit cell expansion , and provide 

the opportunity for 'compensation' by resumption of expansive grwoth 

when stress i s relieved (Slatyer 1969) . Hsiao and Acevedo (1974) 

consider that generally, a brief and mild water deficit at this stage 

tends to postpone plant growth and development, and that the longer 

term effect on yield will be influenced by the length of the growing 

season, and amount of flexibility in harvest timing . 

In contrast, water stress that limits leaf enlargement for an extended 

period can cause a reduction of leaf area development that is only 

partially recoverable (Fisher and Hagan 1965 , Boyer 1970a) . As cell 

enlargement is closely associated with the laying down of fairly rigid 

cell wall materials, slower rates of cell enlargement are generally 
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associated wit h smaller final size (Slatyer 1969) . There is also the 

possibility that reduced rates of cell division due to a prolonged 

mild stre ss may be an indirect re sult of reduced cell expansion (Hsiao 

1973) . Thus the opportunity for ' compensatory growth ' is restricted 

and maximum leaf area attainable is reduced . 

The reduction in yield re sultirig from floret sterility were associated 

with moderate or gr eater stress levels ( see for example , Moss and 

Downey 1971 , Damptey and Aspinall 1976) which probably also affected 

t he rate of photosynthesis . However in view of the finding that leaf 

enlargement is t:sually more sensit i ve to stress than co2 assimilation , 

it cannot be assumed that yield will be unaffected by stress levels 

that do not directly reduc e photosynthesis . When water stress occurs 

in f i eld situations , fluctu.ations in crop growth rate are often 

largely attributable to variations in leaf area development at this 

stage of growth , (Fischer and Hagan 1965 , Dougherty 1973) , as dry matter 

yield is a function of crop growth r ate over the entire growth period 

(Yoshida 1972) , and a reduction in dry matter yield often reflects 

on seed yield . 

The known relation between l eaf area and seed yield as a result of 

water stress , often remains only a correlation (see for example , Langer 

and Ampong 1970) because mechanisms are involved over a period of time 

and our knowledge of their manifestation is largely obscure . During 

the stage of floral development when leaf area i s rapidly expanding but 

still relatively low , the extent of yield reduction due to prolonged , 

mild stress may depend on two important factors : whether leaf area 



15 

index i s l i miting assimilation by r estricting light interception, or 

potenti al assi milatory surface ; and whether assimilates can accumulate 

i n existing leaves without their actual rate of photosynthesi s being 

reduced . I f Photosynthetic activity is not inhibited by accumulation 

of photosynthate i n the non-expanding leaves , then the rate of crop 

growth will be l imited by the l eaf area index. By thi s r easoning , 

drymatter yi.eld is likely to be more sAnsitive to mild l evels of water 

str ess during this stage of growth, than during the filling of seed 

after most of the l eaves have :level.oped. In the seed filling stage , 

assimilate supply is more dependant on curr ent photosynthetic activity 

and on translocat i on of previously stored material , than on the more 

stre ss susceptible turgor--0.ependant processes involved-in leave 

development . 

In maize subjected to pre-treatment desiccation, grain yield was 

dependant on the total dryrnatter accumulated during the growing season , 

rather tl.an just that which occurred during gr ai n fill (Boyer and 

McPherson 1975) . This suggest s that limitati on of dr ymatter production 

by either reduced leaf -irea development or reduced photosynthetic 

activity during the pre- f l owering stage could reduce seed yield since 

plants can mobilise the photosynthate pr oduced at thi s stage , and use 

i t to fill the grain. Langer and Ampong (1970) found that low grain 

weight in wheat was associated with water stress expressed as 25% of 

the soil water holding capacity for three weeks prior to anthesis . 

The treatment was a ssociated with a large reducti on i n leaf area which , 

because of the l ateness of the treatment , was not r ecoverable . 
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Toward the end of floral development when l eaf growth is near maturity, 

a prolonged water- stress may cause loss of photosynthetic tissue by 

leaf senescence (Boyer 1976) . If the stress has been severe enough 

t o cause breaks in the columns of wat er transport to leaves , 

desiccation may continue de spite r ewatering of the soil (Hsiao 1973) , 

and in determinate crops , r epresent s an irrever sible loss of photo­

syntheti c capability by the crop . The metabolic conditions that lead 

to senescence are unknown (Boyer 1976 ) . An early change is the movement 

of nitrogen from the senescing l eaf toward merist ematic regions 

(Slatyer 1969) indicating disruption of normal cell metabolism and 

degredation of proteins in t he senescing leaves . This may be part 

of a more general plant response , since in many annual s , the rate 

of reproductive processes are accelerated at the expense of vegetative 

growth (Dougherty 1973) and earli er flowering can result (Salter and 

Goode 1967) . 

1.3.3. Water Stress at Anthesis 

Anthesis i s a very critical stage for the development of seed yield 

since it is a relatively brief but essential period of the life cycle . 

The effect of water stress on seed yield at anthesis therefore does not 

provide opportunity for 'compensation ' in the same way that stress at 

an earlier stage of growth may do . The physiological factors responsible 

for stress effects at anthesis , along with those during floral 

development are the least understood although they frequently result 

in large reductions in seed y:~eld . 
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In cereal crops , a reduction in fertilization and seed set usually 

occurs (A spinall et al 1964 , Claassen and Shaw 1970 , Langer and Ampong 

1970) . Such effects have been attributed to possible dehydration of 

pollen grains , or the possibility of impaired growth of the pollen tube , 

stamens and styles necessary for fertilizat ion (Slatyer 1969) . In 

addition to the effect of dehydration on fertilization , i nterference 

with deposition of carbohydrates at sites available for seed formation 

may reduce seed numbers (Langer and Ampong 1970) . In cotton , water 

stress resulting in severe leaf wilting during the early part of 

flowering caused shedding of new flower buds , but had no effect on 

current flowering (Grimes et al 1970) . 

In some cases , water stress at anthesis increases seed set . Campbell 

et al , (1969) found that seed set of two wheat varieties increased with 

water stress at anthesis , although the stres s levels appear severe 

(soil water potential - 1. 4 bar and - 15 bar) . Poor soil aeration in 

well watered plants caused damage to anthers and pollen resulting in 

a lower seed set (Campbell et al 1969) . For pepper plants , a reduction 

in plant water potential from - 2. 9 to - 6. 2 bar during the first week 

of flowering increased fruit set to about four times that of control 

plants (Kaufmann 1972) . 

Most of the leaves are mature organs by anthesis, thus any senescence 

due to water stress at this stage represents an irreversible loss of 

vegetative tissue . Drought-induced senescence of leaves may possibly 

represent a mechanism by which plants sacrifice carbohydrates and 

nitrogen compounds in the senescing leaves for the maintenance of 



18 

growing points (Boyer and McPherson 1975) . This is a possible way 

in which assimilate fl ow to sites of fertilization could be increased 

at stress levels severe enough to r estrict photosynthesis. Often 

hastened senescence due to stress at anthesis is associated with 

lower seed set (see f or example , Claassen and Shaw 1970) and evidence 

of survival-orientated mechani sms i s obscured . 

1.3 . 4. Water Stress and Seed Filling 

During the seed filling stage mo st of the increase in dry matter 

yield is due to increase in seed weight . It is also a terminal 

process so that any r eduction in yield due to water stress at this 

stage has virtually no opportunity for compensation. In view of the 

finding that photosynthate may be translocated to the seed from 

plant parts other than leaves , and that the process can operate at 

r elatively ' severe ' stress l evel s , it might be argued that a reduction 

i n leaf photosynt hesi s early in the seed fill stage may be compensated 

for by translocation of stem reserves . In stress treated maize , the 

crops' ability to mobili se r eserves for grain filling indicates that 

under good moisture conditions a considerable amount of potential 

grain dry weight is present but never reaches the grain (Boyer and 

McPherson 1975) . With wheat there is evidence that water stress 

occurring late in seed development may have little influence on final 

seed weight (Wardlaw 1967 , Langer and Ampong 1970) . 

Seed weight is usually depressed most by water stress during early 

development starting from anthesis (Aspinall et al 1964, Claassen --
and Shaw 1970) , and is associated with an earlier cessation of seed 

maturation (Aspinall 1965) . Water stress at this stage also results 
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in an acceleration of senescence from the lower leaves (least active 

in supplying photosynthate to the seed) to the upper leaves, and 

this loss of photosynthetic tissue probably limits the increase in 

seed weight . To what extent seed weight may have fallen had 

senescence not accelerated , is unclear however . In wheat , water stress 

that limited photosynthesis , retarded the movement of assimilate out 

of wilting leaves although the velocity of translocation itself was 

not affected (Wardlaw 1967). As stress causes earlier cessation of 

seed maturation , this r esponse may also contribute to a lower seed 

weight . 

In further studies with wheat , Wardlaw (1971) found that although 

senescence was accelerated and photosynthesis reduced by water deficit, 

the supply of assimilates for the upper most parts of the plant were 

always in excess of grain r equirements. In this case, the effect on 

seed weight appeared indirect . Although not affecting seed weight 

until near maturity , it is possible that in barley, wate~ stress may 

reduce yield by suppressing cell division during endosperm development, 

thus limiting future development (Aspinall!!::_ al 1964, Aspinall 1965). 

It is also possible that premature cessation of seed filling may be 

mediated by the effect of enhanced leaf senescence on changes in type 

and quantity of metabolites reaching the inflorescences (Wardlaw 1971) . 

Water stress causing leaf senescence and inhibition of photosynthesis 

during seed filling can reduce assimilate supply and the~ef ore seed 

weight . In contrast, events which alter the distribution pattern of 
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assimilates, solutes and other. substances may have le ss obvious effects 

on seed development , and it is not clear which are unavoidable 

consequences of desiccation , ~nd which are survival mechanisms . When 

wheat was placed under stre:-;s conditions during seed development, 

the leavP-s and stem lost water to a greater degree than did the ear . 

Thi s was reflected in lower rates of photosynthesis in the stem and 

leaf (Wardlaw· 1971) . Vertical profiles of water potential and solute 

potential within a maize canopy presented by Hsiao et al (1976) indicate 

that turgor maintenance through osmotic adjustment may enable leaves 

on top to withstand lower water potentials without closing t heir 

stomata . SoJuble sugars in leaves had a vertical trend similar to 

solute potential, although this was not suffi ci ent ta account for the 

vertical gradient in solute potential (Hsiao et al 1976). Similar 

responses havP been ob <-i erved in wheat (Simmelsgaard 1976, Millar and 

Denmead 1976) , maize , surgbum and tobacco (Turner 1974) . There is also 

the possibility that photosynthetic activity becomes le s~ sensitive to 

de :;iccation with age . In vegetative mai ze , photosynthesis was reduced 

to 70% of that in 1vell watered plant s for leaf wate r potentials of -12 bar .J 

In comparison, the same dP-gree of inhibition during grainfill did not 

occur until leaf water potentials of - 16 bar (Boyer and McPherson 1975) . 

An importRnt considerat~on emerging from the foregoing is that changes 

in metaboli sm elicited by water stress may repre sent plant regulatory 

responses rather than unavoidable damage as a result of de siccation. 

These responses may be a form of adaptation that operate to minimise 

inhibiting effects of water stress on the seed formation process. 
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The differing sensitivity of the key physiological processes 

contributing t o seed yield is found to be i mportant when the effect s 

of stress at different stages of growth is considered agai nst thei r 

role in seed formation . Whereas cell expansi on is inhibi ted by a very 

mild water deficit , net photosynthesis i s less sensitive and 

translocation appears relatively unaffected at levels of str ess that 

limit photo synthesis . Thus plant growth is most likel y to be limited 

through inhibition of cell expansion by a water deficit during leaf 

area development provided the stress it not severe . Duri ng f l owering 

lack of both turgor and photosynthetic activity may be major contributors 

to a r educti on in yield. For the seed filling period however , photo­

synthetic activity is l ikely to affect seed devel opment most since l eaf 

area i s changing only by senescence and translocation is realtively 

less susceptible t o moderate stress levels . 

In providing a better insight for stre ss- yield relations in seed crops , 

it i s impo:rtant then , to plac e emphasis on the relations between the 

sequence of physioloeical event s developing as water stress sets in 

(Hsiao~~ 1976 ) and the timing of events during t he development 

of seed yield (Boyer and McPherson 1975). 
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1. 4 SAFFLOWER 

1.4.1 Origins and Uses 

Safflower is an ancient crop which has undergone considerable selection 

in the process of regional domestication (Ashri 1975a) . For centuries 

it was grown for dye extracted from the flowers and as a minor oilseed 

crop (Weiss 1971) . Fragmentation of the gene pool and subsequent 

isolation and selection operated with the traditional mode of 

cultivation, where safflower was grown in small plots , the farmers 

often planting their own seeds . A number of regional gene pools or 

centres of culture are recognised ; 1) Far East; 2) Indian subcontinent ; 

3) Iran, Afghanistan; 4) Israel , Jordan , Iraq, Syria; 5) Turkey; 

6) Egypt; 7) Sudan; 8) Kenya; 9) Ethiopia ; and 10) Morocoo, Spain, 

Portugal, France (Knowles 1969a, Ashri 1975a) . 

Only in the last thirty years has safflower developed as an oilseed 

crop of importance, largely due to the breeding of varieties with higher 

oil content and resistance to disease (Beech 1969). It is now grown 

on a commercial basis in western parts of the U.S.A. Mexico and Australia, 

as well as in its traditional areas of cultivation. In India it is 

almost entirely consumed locally. The U.S.A. and Mexico are the main 

exporters (Weiss 1971, Knowles 1975). As safflower oil is highly 

unsaturated and quick and evenly drying , it is used for both edible and 

industrial purposes . Initially its commercial uses were mainly 

industrial, in the field of protective coatings and at present is 

highly valued in the manufacture of alkyl resins. Edible uses have 

developed due to the superior level of stability and flavour retention 

at low temperatures of the oil and its possible medical benefits in 

reducing blood cholestrol levels of consumers . 
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1.4.2 Varietal Resourc es 

Safflower (Carthamus Tinctorius L. ), is a thistle-like annual belonging 

to the compositae family of plants (Beech 1969) . Most modern varieties 

have been developed in the U. S .A. since the 1940's . They were bred 

from germplasm collected in old centres of cultivation , and have 

recently been introduced into other countries of the old World replacing 

the older varieties (Knowles 1969a) . Fortunately, an extensive germplasm 

collection of safflower and wild species has been established with the 

U.S.D . A. It is designed to prevent the disappearance of local types , 

as agriculture improves in traditional centres of culture and to provide 

a source of material with which to help overcome problems of culture 

in the new areas (Knowles 1971) . The process of divergence in 

safflower has provided the germplasm collection with as much variability 

for morphological traits (Ashri 1975a, Ashri ~ al 1976) as it has for 

yield compoents (Ashri et al 1974), oil content (Ashri 1975a), and 

disease reaction (Ashri 1971) . 

The collection has provided sources of disease resistance (Knowles 

1975, Knowles 1971) and altered quality and quantity of the oil (Knowles 

1969b). India was the source of the ol gene which produces a new oil 

type with high oleic acid content (Knowles 1972) . Unlike regular 

safflower oil with high Linoleic acid content and stability at low 

temperatures , high oleic types are stable at high temperatures , making 

them excellent cooking oils (Knowles 1969b) . In order to increase 

seed oil content , efforts have involved a reduction in the hull content . 

The Rubis thin hull type has up to 46% oil (Knowles 1975) , .but is weak­

stemmed and low in yield due to the effect of reduced secondary 



thickening in the stem and in the anthers (Knowles 1969b) . More 

recently an extreme r educed hull type with an oil content of 50% 
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has been developed with normal pollen production and good quality 

oil. Correlations between yield and yield components and various 

other traits have shown the collection contains considerable genetic 

variability for these characters (A shri et al 1974) which can be used 

for yield improvement. It should thus be possible to breed earlier , 

higher yielding varieties with higher oil content (Ashri 1975b) . 

1. 4. 3 . The General Pattern of Growth and Yield Formation 

Growth and development of t he safflower plant has been recorded. for a 

number of varieties and a range of climatic ccnditions , however as 

these were not always clearly specified , correlation of different 

results is difficult. The various phases of safflower development 

have been carefully r ecorded under irrigation in Western Australia 

(Stern and Beech 1965) . After emergence , the stem apex of the seedling 

produces a number o.f leaves which form a rosette. There is no true 

r osette stage in cultivated safflower , although some Carthumus species 

require a definite cold period to initiate stem elongation (we::ss 1971) . 

The vegetative state lasted six to seven weeks , and the transition 

from 'rosetting ' to rapid elongation of the stem was between 413 and 

55 days from sowing (Stern and Beech 1965) . 

As the days become longer and temperatures rise , the stem will elongate 

more quickly and subsequent branching occurs from leaf axils on the 

main stem beginning at the top of the plant (Jackson and Harbison 

1973a) . The ma:'..n stem terminates with the pri mary head, whereas the 
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terminal heads of first-order branches are called secondary heads. 

Heads flower about 28 days after they appear as buds. During bud 

development the l eaf area rose to a maximum after 62 days and declined 

to almost nil by the final harve~;t . As flowering approached rayid 

development of bracts surrounding the heads occurred (Stern and Beech 

1965) . By flowering the plants have reached their maximum heig~1t 

(Jackson and Harbison 1973a) . In a similar sequence to that of bud 

development , flowering beings i n the primary head , followed by the 

most mature of the seco1·1dary heads. Florets of an individual head 

open over a period of 3 to 5 days , beginning at the margin of the 

head and proceeding centripetally (Weiss 1971) . The flowering period 

usually lasts about 21 days (Peterson 1965) . In the study by Stern 

and Beech (1965) seed formation commenced between 104 and 111 days , 

and the crop matured betwE:en 125 and 132 days . The seeds are 

physiologically mature about 20 days after 95% of the flowers have 

faded (Leininger and Urie 1964 , Jackson and Harbison 1973a, Abel and 

Driscoll 1976) . 

The regular order in which each of the reproductive organs develops 

and matures in safflower can be considered more generally in terms 

of sequential trait development in which each trait is a link in the 

process of yield formation , differing from the proceeding one only 

in the amount of enviro:1JT1ental resources it uses (Abel and Driscol l 

1976) . The trait s of seed yield (heads/ar ea , seeds/head and seed 

weight) develop sequentially, their final number and weight depending 

on interactions between genotypes , the environment , and the critical 
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stage of development. Although they can be independent of one another 

in their development they are closely associated with one another 

physiologically (Khidir 1974, Abel 1976a) . Abel and Driscoll (1976) 

found that genotype had a large effect on seed weight , which was 

generally inflexible in different tmvironment s , but a smaller effect 

on heads/unit area and seeds/head which were more flexible . Increases 

in seed weight will therefore have little compensatory effect on 

reductions in seed number due to environmental stress when seed number 

is being determined (Abel 1975 , 1976a) . However together the traits 

account for 97% of the variation in seed yield (Abel and Driscoll 1976). 

The influence of environmental stresses on the general growth pattern 

and yield of safflower will therefore be largely dependent on how 

successfully each trait in turn , can exploit the available environmental 

resources necessary for the successive stages of development. 

A defoliation study bas shown that the critical period for yield due 

to leaf removal i s from the beginning of branching until the start of 

flowering (Urie~~ 1968) . Seed weight was reduced most by leaf 

defoliation at the late bud and early flowering stages. Leaf removal 

between the late bud and late flowering stages increased oil percentage 

by about the same amount seed weight was reduced. The increase was 

directly related to a decrease in hull percentage . In particular , 

the experiments showed that removal of lower l eaves did not influence 

yield, and that severe defoliation (removal of all leaves except bracts), 

reduced yield by only 23% (Urie et al 1968) . It appears the bracts --
may play a particularly important role in contributing to seed development . 
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Aslamy (1972) found that the floral bracts of safflower have a higher 

stomatal density and chlorophyll content than the true leaves , and 

that during the flowering stage of growth , floral bracts showed a 

higher rate of co2 assimilation than did the true leaves . Both organs 

showed a decline of photosynthetic activity with advancing : age . 

1. 5 Environmental and Agronomic Aspects of Safflower Production 

Although safflower shows a fairly wide adaptability to climatic 

conditions , large scale production has been concentrated mainly in 

fairly l ow-altitude , semi- arid areas where it i s best adapted (Weiss 1971). 

Initial introductions from the traditional centres of India and 

Southern Europe competed unsucce:5sfully with established crops in 

tl1e new areas such as U . S ~A. because of poor adaptation , lack of 

agronomic information on growing the crop , high hull percentage and 

low oil content of the seed (Peterson 1965) . The successful development 

of safflower in the U.S .A. is largely the result of improvements in 

disease resi stance, and increased oil content of the seed, through 

plant breeding (Beech 1969) . Major improvements through plant breeding 

however, may have contribute<.l to some neglect of production research 

(Knowles 1958) . Certainly safflower production in Australia , with the 

benefit of improved varieties from the U.S .A., has been characterised 

by t he unpredictability , and lack of upward trend in seed yields since 

the industry began about 20 years ago (Basinski and Beech 1972) . The 

yields obtained have been re3tricted by poor adaptation to the 

environment ,and by disease (Cutting 1974) . This indicates that more 

information is required on crop growth and phenology in relation to 

environmental conditions , particularly so with the development of new 

varieties . 
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Much of the information concerning environmental limitations to 

safflower production has been ori ginally derived from initial adaptation 

trials , designed to provide initial , rough agronomi c reci pes . :Ct has 

indicated that the effects of the main environmental factors on 

safflower depend largely on the stage of its growth . This has 

important practical impl i cations , because safflower is primarily 

grown for oil obtained from t!·,e seed and agr')nomic consi derations 

must encompass those factors likely to influence the . development of 

seed yield . 

1.5.1 . Water 

In safflower , crop water relations are particularly important , as 

reductions in seed yield can re sult f r om both a water deficit and 

a water excess . Reductions i n yield due to excess moisture are often 

the result of disease infection due to greater susceptibility under 

such conditions . Root - rots are encouraged by excessively high levels 

of soil moisture, while head-rot and foliar diseases occur where 

rainfall i;.; frequent or humidity high (Knowles 1955 , Jackson ar.d 

Harbison 1973a) . To minimise their incidence , a deep pre-plant 

irrigation may be applied (Peterson 1965) , as saffl ower can obtain 

much of its water requirement from the subsoil (Jackson and Harbison 

1973b) . Frequent irrigations often necessary for other crops are 

harmful to safflower as this encourages microc l imates suitable for 

disease . Sub- irrigation from ditches has proved profitable (Knowles 

1958) as water can be maintained in them at a level related to growth 

of the crop and permeability of' the soi l (Weiss 1971). 
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High rainfall and high humidity may lead to yield reductions in 

safflower apart from disease infection. Prolonged rainfall at flowering 

has adversely affected pollination (Rabak 1935, Knowles 1955). For 

safflower plant s grown on high water table land and surrounded by 

flooded rice fields , greater sterility in heads of those grown 

in-field, has been attributed to higher humidity within the field than 

near the perimeter (Zimmerman 1972b). Using a controlled environment, 

Zimmerman (1972b) found that high humidity for 24 hours at anthesis 

was sufficient to reduce seed set . The anthesis stage and that prior 

to anthe sis were the most sensitive . The reduction in seed set for 

plants subjected to high humidity (60/55%) at medium (~3/380c) and high 

(29/43°c) temperature was 20 and 42% more respectively, than that of 

plants subjected to comparable temperatures and low humidity (40/45%). 

In the same study (Zimmerman 1972b) there was a 9% increase in seed 

weight of plants subjected to high humidity over those subjected to 

low humidity , at the medium temperatures . In Russia, 1000 seed weight 

and the hull weight increased under high rainfall conditions, while 

the oil content of the seed decreased (Weiss 1971) and in South Africa, 

excessive rain after flowering prevented the seed from filling 

(Sellschop 1951). In early Canadian experiments, the oil content of 

seeds was reported to have dropped from 26 .5% to 17.5% for c.v. N-6 

when grown under irrigation compared to dryland plantings (McGregor 

and Hay 1952). These results suggest that an increase in seed weight 

under conditions of high moisture availability does not necessarily 

increase oil content, and may be due to relatively greater increases 

in hull weight. This is supported by studies on seed composition 

which have shown that larger seeds have a lower kernel percentage due 

to a higher proportion of hull (Yermanos and Francois 1963, El Saeed 
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1966) . A further problem associated with prolonged rain or high 

humidity near harvest i s the hazard of seed germination i n the head 

(Knowles 1955) although wild selections with short term dormancy which 

readily interbreed with domestic saffl ower , have been found in a 

selection programme for pre- harvest dormancy (Zimmerman 1972a) . 

Rain grovm crops are usually more healthy since they are often planted 

in drier areas , but average yields tend to be low (W.eiss 1971) . 

Commercial production i s hazardous where water rec;_uirements of the 

plant are dependent only on rainfall d·uring the growing seasonr and 

in Australia, water t1tress i s considered to be t n.e main factor limiting 

yields (Basinski and Beech 1972) . 

Both wild species (Carthamus oxyacantha Bieb) (De shpande 1952) and 

cultivated safflower (Carthamus tinctorius L.)(CSIRO 1955) have gained 

the rep~tation of being drought resistant plants . This has been 

attributed to the deeply penetrating tap-root system safflower develops 

(Knowles 1955 , Peterson 1965) which presumably can enable the crop to 

withstand extended dry periods during the later stages of growth . 

However , in the early stages of growth , before the root system is fully 

established , the crop is sensitive to drought (CSIRO 1955) . For suitable 

deep soils , with no compacted Aubsoil layers , it has been reported that 

safflower roots can draw moisture from depths greater than three metres 

(Henderson 1962 , Fischer ~ 1967) and provided subsoi l moisture is 

availablet there is no response to irrigation. This i s i mportant as it 

reduced the need for frequent irrigations and associated incidence of 

disease . Comp~red with wheat , the root system of safflower appears to 



31 

penetrate deeper (Knowles 1958, Weiss 1971) , develops a small er 

proportion of root s near the soi] surface (ICRISAT 1974) and draws 

more water (Harbison 1968, Basinski and Beech 1972 , Naughtin 1973) . 

Suitable conditions for extensive root development are often not met 

however , and either dense subsoils that retard root development 

(Weiss 1971) or shallow soil s , may limit yields due to an insufficient 

moisture supply (Kno~les 1958) . 

\··ith adequate drainage , safflower has shown considerable r espor:se to 

irrigation (Claassen and Hoffman 1950, Peterson 1965 , Basinski and 

Beech 1972) although the amount of water reqi..:.ired to produce a crop 

varies considerably with seasonal climatic conditions (Weiss 1971) . 

The consumptive use of water by safflower under irrigation, as recorded 

by various workers , ranges from less than 500 mm (Stern 1965 ) to well 

over 1000 mm (see , for example , Erie and Frer.ch 1969) . In some studies 

however , equivocal results suggest that timing is as important as 

quantity (Abel 1976b) . 

From early times in U.S . A. the importance of adequate soil moisture , 

along with warm soil temperatur e for germination , hasbeen.recognised 

(Rabak 1935) . On dry land , sowings often result in poor stands , 

apparently due to the hard seed coat and fast drying out of the upper 

soil layer after sowing (Singh and Wilson 1974) . In practice therefor e , 

it is often the coming of rains that determine planting date under 

rainferl conditions (Jackson and Harbi son 1973b) . Under various amounts 

of simulated rainfall , seed germination has been shown to decrease to 

33% for 3 mm of water and 13% for 15 mm of water compared with 70 
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to 87% for 6 to 12 mm applied to soil in pots with a water holding 

capacity of 18 mm (Bassiri and Sionit 1975) . During the first 25 days 

of early establishment , 15 mm of water at 3 day intervals was required 

to prevent wilting. On the other hand , continued wet weather at this 

stage of growth may retard crop development (Rabak 1935), possibly due 

to soil saturation at a time when oxygen demands by the plant are high. 

Germination percentage of three safflower varieties in a non-electrolyte 

osmotic agent was reduced 90% at -13. 5 bar osmotic potential in one 

variety and 35% in another compared with non- stressed seeds (Sionit 

et al 1973) . The most rapid decline occurred below about -5 bar . 

These studies confirm the need for adequate although not excessive soil 

moisture for good germinat i on and early establishment of safflower . 

The only systematic research on the effects of water stress at different 

growth stages was carried out in pots under glass-house conditions 

(Seydlitz 1962). The stress level imposed was expressed as 30% of the 

soil moisture capillary potential, compared with controls maintained at 

70%. Water stress during the normal period of maximum growth, between 

formation of the rosette and flowering , reduced seed yield by 25%, 

whereas water stress at flowering or after flowering reduced yield by 

about 40%. However in contrast to the work of Bassiri and Sionit 

(1973), stress during the first seventeen days, from emergence to forming 

of the basal rosette, did not adversely reduce growth or yield. The 

timing of water deficit was reflected in yield components. Number of 

heads per plant were reduced most by water stress between bud initiation 

and the start of flowering . Seeds per head were unaffected by stress 

before bud initiation, but were reduced by 20fo or more at other stages 

of growth. One thousand seed weight and oil content was reduced most 
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by water stress after flowering. In contrast to the work of Seydlitz 

(1962), Dastane et al (1971) reported that no irrigation during the 

leaf stage reduced yield by 3C/fo compared with a reduction in yield 

of 2C/fo during branching. No irrigation during flowering or seed 

maturation reduced yield even less compared with irrigation at all 

stages. This study suggests a declining sensitivity to stress, rather 

than an increasing one, assuming the stress levels were even at each 

growth stage. 

In the U.S.A . detrimental effects of irrigation cut-off dates ranging 

from three weeks before first flower, until harvest, increased in 

severity for each increase in the time without irrigation (Erie and 

French 1969) . Seed yield was reduced over half for the earliest cut­

off date, and was reflected in fewer heads, fewer seeds per head, a 

lower seed weight and oil content of the seed. It is often considered 

that the last irrigation should be at least one week after full bloom, 

to ensure the seeds are well filled (Weiss 1971). However Abel (1976b) 

found that terminating irrigation five days before 95% flower, had no 

adverse effect on yield or yield components, and that oil conteut of 

the seed was not affected. Similarly, other experiments have shown that 

irrigation after the last flowers have opened, or when seeds are 

maturing does not necessarily improve yields (Stern and Beech 1965, 

Erie and French 1969). 

Drought occurring ~n two spells , frequently hae a greater effect on 

yield and its components than only one, and the period of floral 

development and flowering appear particularly susceptible (Seydlitz 
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1962 , Erie and French J.969 , Da3tane et al 1971 ). Fischer et al (1967) 

fow1d that, a pre- irrigation f ol lowed by one at the bud ~~tage and one 

at first flowr::r gave highest yield ~~ ~ These findings indicatine the 

sensitivity of safflower t o water st .cess at thi s stage , are generally 

endorsed by earlier experience with the crop . Rabak (1935) noted 

considerab·J e moisture i s necessary until the flowering period , aft er 

which le ss moi sture i s re;qu j.red . Generally it is stated that when 

irrigating fo r maximum yield , it i s important irr i gation be given 

early after bud initiation , and then at flowerine (Claassen and 

Hoffrnctn 1950 , Knowl.e :. 1955 , Pet erson 1965 , We i ss 1971) . 

Apart ~rorn the comrr:only aclmowh'dged sensitivity of safflower during 

f lor al development, cont r asti ng report s of sensitivity for other stage s 

of gr owt h may have arisen i n part due to differences in r;xperimental 

conditions , and in part dUf! t o the techniquPs em11loyed . The value of 

much i nformation i s J.i mi ted be~ause the magnitude of stresses imposed 

cannot be accuratP.ly extrapol a ted . A critical period after floral 

initiation may reas (mably be expecteJ when water availability is low , 

because direction of growth processe s t owards the formation of 

reproductive organs r esults in a higher plant r equirement for water 

(Henckel 1964). Saffl ower shows particularly rapid growth during this 

stage throughout which the crop is a very heavy user of water (Erie 

and French 1969) . 

1 . 5. 2. Diseases and Wat.er :relations 

The majority of diseases that have been recorded on safflower are of 
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minor importanc.e (Weiss 1971), however there are several often fatal 

diseases associated with excess moi~.>ture in the soil or atmosphere 

(Knowles 1955) . Susceptibility to such diseases has resulted in 

comme::-cial pLantings being located in generally dry areas , and has 

1imited the successful ada~tation to new areas for commercial production 

(Peterson 1965) . Phytophthora r·oot - rot presents a major problem in 

some areas, af.; saffl ower is often grown on soils of heavy texture. 

Slow drainage of the se soils after irrigation or rainfall , increases 

the risk of attack by the disease organi sms , and rapid death of plants 

may result particular ly when soil temperatures are high (Jackson and 

Harbisor_ 1973a , Cutting 1974) . The wilting induced by Phytophthora 

root--rot is due to the d e:: velopnient or a~'1 internal plant water deficit 

(Duniwo.y 1975) . 

Infection by Botrytis head-rot i s encouraged by warm temperature 

ccmbined with high h1m.icli t y caused by irrigation , showers of rain, or 

frequent dew:'> (Knowle ::o 1955) . It is a major factor limiting yields 

of experi.nentaJ trials in New Zealand (Massey University Agronomy 

Department, unpublished data) as currently available varieties ::lo not 

have complete Botrytis resistance . Spores of the fungus are windborne 

(Weiss 1971 ) and infect seed heads in regions where there are prolonged 

periods of high atmospheric moisture prior to and during f10wering. 

Yield reductions result from under developed seed, and with bad 

infections :ietatchment of seed heads from stems results due to the 

bract area tissue being destroyed (Weiss 1971 , Peterson 1965~. 
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Humid, wet conditions also predi spo:3e the plant t o several l eaf 

diseases the most i mportant of i~hi ch are rust , caused by Fuccinia 

carthami cda ., and Alt. ernaria leaf spoL (Jackc_;on and Harbi son 1973a). 

Rust is present i n all the saffl ower pr oducing areas although it s 

occurrence is less pr eval ent under dryland conditions than under 

irrigation (Peterson 1965 , Ashri 1971) . In most years damage to dryland 

safflower i s not considered important , although under conditions of 

high humidity rust could become serious as it can be fairly destl'."llctive 

i f it attacks the hypocotyl of the young plant s (Knowles 1955 ). 

The practical importanc e of these di seases conducive to humid conditions 

i s that susceptible variet i es cannot be gr own successfully i n hu.~id 

regions where water i s often more availabl e . When grown in dry ar eas , 

the crop i s more healthy , but yields are l ow due to lack of water 

(Weiss 1971) . In many cases , irrigation in these war m dry ar eas r esults 

in disease organi sm infection (Peterson 1965 ). Of greatest economic 

value in overcoming the disease problem with safflower has been the 

evaluation for manipulation of genetic source s of disease re si stance 

(Knowles 1971) . Possibly as a result of varying selection pressures , 

there has been a geographical divergence in disease reaction throughout 

the years (Ashri 1971,A shri 1975), which should provide valuable 

material for genetic r ecombination in an effort t o develop variaties 

re si stant to disease . 

1.5.3. Temperature and Photoperiod 

Safflower will i n general , tolerate a wide range of temperature (Peterson 

1965 ) and much of the information relating to temperature effects on 
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safflower, concerns the damage caused by extreme temperatures . 

Although there are varietal difference s in tolerance (Knowles 1955) 

the effects depend largely on the stage of growth . Soil temperature 

at sowing, together with adequate soil moisture , are the main factors 

influencing emergence in Safflower . Low seed bed temperatures has an 

inhibiting effect on germination , and practically no germination occurs 

at 2 . 5°c , but almost complete germination at 5°c (Weiss 1971 ). Jowever 

at this temperature germination i s very slow (several weeks) (Harbison 

1968) and temperatur es of 13°c to 18°c are r equired for quick (less 

than a week) even emergence (Peterson 1965 , Weiss 1971) . In the 

seedling stage , most vari etie s will tol erate temperatures down t~ -7°c 

(Claassen and Hoffman 1950 , Weiss 1971) . However once the stems have 

begun to develop the plant becomes more susceptible to frost damage and 

temperature s down to -4°c will damage most varieties (Jackson and 

Harbison 1973a) . During flower bud development and flowering any 

0 temperature below O c may cause damage in the form of sterile heads 

without apparent damage to the foliage (Peterson 1965 , Harbison 1968 , 

Weiss 1971) . Frosts after flowering and during seed maturation can 

reduce the quality and yield of seeds (Claassen and Hoffman 1950 , 

Knowles 1955 , Weiss 1971) . 

It has been claimed that , given plentiful water , safflower does ~ot 

suffer undue damage from temperatures well over 40°c although yields 

are generally higher when day time temperatures at flowering are in 

a more moderate range of 24- 32°c (Knowles and Miller 1965) . However 

experiments under irrigation in Australia showed harmful effects of 

daily temperatures above 27°c during flowering and r i pening on yield , 



and to a lesser extent , on oil content (Basinski et al 1961 , Beech and 

Norman 1963) . The effects of high temperature on safflower appear 
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most sever e at flowering as steril i ty and poor seed set can result 

(Phillis 1961 , Peterson 1965) . Beech and Norman (1963) found that the 

pollen of plant s with r educed seed set was morphologically normal . As 

fertilization of florets occurs early in the day, it appeared that 

successful fert ilizat i on was dependent on duration of the early morning 

cool period for growth of the pollen tube . Usually a11 florets that 

open during a given day have begun to elongate by sunrise , and another 

dehiscence occur s soon after (Claassen 1950) . Pollination and 

fertilization , ar e dependent on an actual increase in length of the 

style by cell elongation , and on elongati on of the embryosac before entry 

of the pollen tube respectively (Banerji 1940) . Some of the reduction 

in seed set attributed to high temperatures may t herefore be confounded 

with possible water stress effects , since water deficit can excerbate 

the deleterious effects of high temperatures at flowering i n safflower 

(Weiss 1971) . 

I n comparison , Zimmer~an (1972b) found that seed yields of plants 

subj ect ed to high humidity (60/55%) in low (17/31°c) , medium (23/38°c) 

and high (29/43°c) temperature , were 10 , 19 and 86% less , respectively, 

than those subjected t o comparable temperat ures with low humidity 

(40/35%) . In these experiments then, the adverse effect of increasing 

temperature was worsened by raising the relative humidity. Yield 

reductions were due to fewer seeds . In the high temperature/humidity 

regime it appeared some impairment of processes i nvolved in seed 

development occurred , as it last ed throughout seed development and 
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resulted in lower seed weight . Temperatures up to 26 . 5°c throughout 

seed deve~0pment , have shown no influence on seed oil content or fatty 

acid composition (Canvin 1965) . However in Australia , Basinski and 

Beech (1972) , have stated that effects of high temperatures on seed 

development can be even more serious than on pollination. 

Research on the effects of moderate temperatures on phasic development 

and yield of safflower appears to have been relatively neglected. 

Usually , a decline in yield occurs with delayed planting where temperature 

is considered a major influencing factor . Beech and Nor man (1963) found 

there was a general reduction in leaf number , plant height and yield 

due to later sowing. This was associated with the later phases of 

development being progressively curtailed as temperature increased , 

with the later sewings. In contrast , Naughtin (1975) found that yield 

reductions from later sewings resulted from reductions mostly i n the 

period to stem extension and to flowering , but did not influence final 

maturity date . Higher yield with earlier sowing was considered largely 

due to the advancement of flowering ih the season allowing maturation 

under less severe moisture stress . In the u.s .A., by sowing up to three 

months earlier , lower temperatures lengthened the rosette period, and 

higher yields resulted from more heads and seeds per head developing 

(Abel 1975) . When pl anted at optimum times in differ ent al titude 

locations , the cool location (10/22°c winter/summer mean) , had the 

highest yield because of increased heads per plant , seeds per head and 

seed weight . Earl y planting i n the warm temper ature r egi me (14/25°c 

winter /summer) was associated with some seed abortion and decrease in 

oil percentage of the remaining seeds due to an i ncr ease in their hull 



content . This was attributed to the short rosette stage , and the 

internode s elongating when temperature s were apparently too low for 

normal fl oral development . As these were irrigated experiments , it 

40 

is apparent that a sufficiency of water does not compensate for 

suboptimal planting dat es . Late planting increases the risk of 

harvesting difficulties and seed quality deterioration from rain at 

harvest, whereas if sown too early , there is the risk that the crop may 

be frost damaged (Jackson and Harbison 1973b , Cutting 1974) . However 

in Australia , May or July sowings sometimes yielded as well as June 

(optimal) (Naughtin 1975) . In the U. S .A. the mean yield was not always 

related t o the reduc ed growth of later sown plants , and oil percentage 

of the seed wa s not affect ed by days to flower or duration of flowering 

(Abel 1976b). Safflower germplasm evaluation showed that yield per 

plant was not correlated with the l ength of the season , or oil content, 

although the most i mportant yield component was number of heads per 

pl ant (A shri 1975b), fo llowed by seeds per head (Ashri et al 1974) . 

These relations are important , because they suggest that a telescoping 

of the early phases of development can be engineered without necessarily 

reducing yield, but that at the same time , the environment must be 

suitable for normal reproductive development since yield components 

formed at these stages of growth affect yield so markedly. 

Reviews by Beech (1969) and Weiss (1971) have indicated safflower is a 

day neutral plant , however stages in development of the apex at floral 

initiations have been shown t o be strongly influenced by photoperiod 

and variety (Horowitz and Beech 1974) . As floral development was slower 
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with longer days, varieties which are non-photosensitive may be required 

to prevent late flowering and the risk of drought during the seed 

development stage of rainfed crops . At Leeton , Australia , later sowing 

reduced the day degrees required for crop development, largely due to 

a reduction in those required for the period of stem elongation, indicating 

both temperature and photoperiod influence phasic development (Basinski 

and Beech 1972). Photoperiod also influences duration of the rosette 

habit (Zimmerman 1973 ). Under high temperature (10/20°c min/max) in 

controlled environment rooms, rosette habit persisted longer in short 

photoperiod (10 hours) than in long (14 hours) . In some entries, there 

was a longer duration of rosette habit at low temperature (5/15°c) and 

long photoperiod, than at the high temperature and short photoperiod. 

This data, along with that for the time of planting experiments, suggest that 

phasic development of safflower is dependent on temperature, photoperiod , 

and genotype. Temperature may be more important until stem extension 

(or probably floral irtitiation) whereas day length is also important 

for floral development from initiation until flowering . The lengths of 

growth stages from flowering to maturity are less affected by time of 

sowing. Safflower may require relatively cool , short days for development 

of the rosette habit and establishment of its root system, but longer 

and warmer days for reproductive development and crop maturation. 

1 . 5. 4 Soils and Nutrition 

It is usually stated that safflower requires deep , well-drained fertile 

soils of neutral reaction (Knowles 1955 , Peterson 1965 , Harbison 1968, 
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Beech 1969, Weiss 1971). Despite the importance of soil physi cal factors 

influencing water holding capacity , drainage , and root devel opment , 

only general reference to the suitability of different soils for safflower 

is found. The preferred soils have ranged from open sandy soils, to 

sandy loams , clay loams and clay (Rabak 1935 , Knowles 1955 , Pete~son 1965 , 

Weiss 1971) . 

Responses to fertilizer depend on soil type (ICRISAT 1974) , soil moisture 

level (Harbison 1968 , Jones and Tucker 1968) , cultural practices, 

(Weis s 1971, Abel 1976b) and the inherent fertility of the soil. 

However there i s little evidence to suggest that safflower 

nutritional requirements differ greatly from those of other crops . 

As safflower i s a deep rooted crop , it can draw on a relatively large 

volume of soil for it s nutrients , and phosphate requirements in terms 

of added fertilizer are seldom great . Phosphate requirements of 

safflower are generally moderate (Weiss 1971) and if cereal grains 

produce satisfactorily without fertilizer , safflower is expected to 

re spond the same (Peterson 1965 ) . The minimum recommended rates for 

other crops in an area are applicable to safflower , although on soils 

deficient in phosphorus , good yield responses can be obtained even 

in rain grown crops (Harbison 1968) . Small amounts at planting usually 

give a more rapid initial growth , allowing the young plants to compete 

more effectively with weeds . 

Nitrogen is generally the nutrient most often r equired by safflower in 

any quantity. Field observations in Califor ni a i ndicate at least as 

much nitrogen as that for small grains is required, and often more 
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(Knowles 1955) . In Australia , when moi sture i s adequate , nitrogen 

can become the next factor in limiting yields (Harbison 1968). 

However variable responses have been r ecorded under irrigation (Weiss 

1971) and rainfed conditions (Peterson 1965) . Nitrogen can influence 

total seed yields , but does not generally affect oil content (Abel 

1976b) or iodine value of the oil, except at very high levels of 

application (Werkhoven et al 1968) . Largest yield responses from 

nitrogen appear mainly through its effect on head number per plant 

(Gilbert and Tucker 1967 , Hoag et al 1968) , the gr eatest increase being 

with lower order heads (Yer manos and Hall 1964) . Jones and Tucker 

(1968) found that nitr ogen increased seed yield through development 

of more t ertiary heads and increased weight per head in secondary and 

tertiary posi t i ons . I ncreased head weight was due to heavier seeds in 

secondary heads , and larger numbers of seeds in tertiary heads . It 

appeared the i ncreased supply of metabolites due to added nitrogen 

were first utilized in the initiation of more tertiary heads with 

larger numbers of f l or ets and increasing seed size in secondary heads . 

Primary heads were little affected , possibly since these normally have 

more access to initially available metabolites in the plant than the 

later developing heads . 

Yields have increased with each 50 kg increment of nitrogen up to 

150 kg/ha applied at planting, although f urther increases result from 

splitting total nitrogen into two applications (Gilbert and Tucker 1967) . 

High levels of nitrogen at planting damages seedlings , especial~y when 

moisture is low. Stern and Beech (1965) found split applications at 

planting and budding most favourably improved head number and weight , 



although nitrogen applied at flowering had little effect on final seed 

yield. However , Jones and Tucker (1968) have indicated that nearly half 

of the nitrogen uptake occurs between flowering and maturity. In 

experiments by Abel (1976 ) it appeared residual nitrogen was adequate 

to produce maximum oil % at all levels of applied nitrogen. Possibly 

greater yield responses are realised from an increase in heads per 

plant because yield i s so markedly affected by this component , whereas 

late applications may alter the pattern of water usage , and retention 

of green leaves or a prolonged growth period may render harvesting 

more difficult , thus limiting any desirable effects . It is appa.rent 

that with safflower, nitrogen response is particularly-dependent on 

timing of application (Stern and Beech 1965) , however amount (Gilbert 

and Tucker 1968) ~vailaQle moisture (Jones and Tucker 1968) planting 

date (Abel 1976b) and other factors are also important to the way 

nitrogen can infJ uence saff:I ower development and yield. 

Compared with many arable r.rops , safflower i s relatively tolerant to 

salinity, although it s tolerance levels appear to vary with moisture 

conditions (Weiss 1971) stage of grow-th (Yermanos ~ ~ 1964) and 

variety (Francois et~ 1964 , Ghorashy ~al 1972) . It has similar 

tolerance to barley when rain grown (Knowles 1958) but is slightly more 

sensi tive than barley and cotton when irrigated (Harbison 1968) w 

Safflower is especially tolerant of sodium salts , and will accumulate 

high concentrati ons in semi-arid regions to which the plant is 

relatively well adapted (Weiss 1971)i Sodium applied at 4 meg/l itre 

to safflower grown in nutrient solutions of PH5. 5 has increased growth 

by 40 to 50% (Aslam 1975) . This beneficial effect suggeets that sodium 

accumulation may be e ssential for safflower under certain conditions. 
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Very higl: l::vcls of salinity result in plant responst~s similar to those 

occurring with water drc:~;s , although :::affl o1r1er i s onJy half a s 

to l •:: rant during germi nation 3.:.:: during later ~:rlagts of growth (Ye:~rn&.nos 

et al. 1964) . Saljn:'..ty deJays initia.J emergence which ::->ubsequently 

tends to he irregular , while vE.:ry high Jevel3 of sa2.inity also reduce 

the germination percentac;e . At ]ater growth stages , plants growr. i n 

:3aline wati:-.r becor.ie thicker .:rnd tla.ck0r· green i n appearance . Plant 

height is reclu-:-cd and ·.:be :::-educti on in vegetative growth closely 

µarallels reduct Lo:-i :in saed yield (Weiss 19?::. ) . F'rancci s et al ( 1964) 

found that salh!ity :1ccsl~rntecl fJ .1rrer-ing and maturat ion. This effect 

or. rlevelop:r.ent re.:;ultec j ...-. feLer i'lov;&rir.g r.eada =i.nd lower seed yield 

per head , dur; to lighL·::r- f:eed . SeecJ m:..n1be. r per head remained fail ·ly 

constant . Oil j:erccntage of t.i:e ::;e~d \·Jas also recLiced , :.i.lone wit.h an 

increased hull con~.E.:nt. l'nder high ~;a l i r.ity , dec r ease in oil content is 

me s'C p:..Aor:ounc·~d in tert i.arJ anJ 1 eaut in i•ri mary 1182.ds , \vherP.&s nor mally , 

the prirnar,>' head.3 have l:ig}.e~;t, hull c0nter>t , s•::ed '11eight and 10\·rns t oil 

cor:tent . Oi1 con1posi.tion hoir.·evf;r , is not cha:"".gec (-Yerl"!ano:: et al 1.964) . 

An importar1t :fa-::tor emergir.g L:r·or.1 lhe foregoing i s that crop development 

and yield in safflower is particularly dependent on availabil ity of the 

necessary environmental inputs at the appr opr iate stages of development . 

Many of the reported differences in response of saffl ower to environmental 

limitations , may be r esolved when studied on a quantati ve basis , not 

limited l argely to yield data alone , and the i nteractions between each 

taken into account . Poor adaptation of varieti es to environment have 

therefore resulted in low yields (Cutting 1974) . However safflower 

shows consi derable potential for overcoming these l i mi tations through 



agronomic and varietal manipulations , provided further research 

develops the necessary information . 
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CHAPI'ER 2 - METHODS 

2 . 1 Environmental Conditions 

Safflower plants (var 022) were grown from seed in controlled 

environment rooms of the Climate Laboratories , DSIR, Palmerston North . 

6 - 2 The environment consisted of 12- hour photoperiods of 1 0- 180 Wm 

light intensity, with day/night temperatures of 23°c/18°c ~ o . 5°c . 

The corresponding relative humidit i es were 75% and 85% ~ 5% re spectively. 

Carbon dioxide was maintained at ambient levels . The seeds were sown 

in 1. 5 litre containers equally filled with a sterilized soil mix of 

1: 1 Manawatu fine sandy loam and Opiki loam. The containers were 

supported by drainage trays on trolleys . Soil moisture content was 

made even by saturating the soil in each container with water and 

allowing to drain . Seeds of 50- 60 mg were selected and sown just under 

the soil surface . Four were sown in each container , and after 20 days 

plants were evenly thinned to one per container . Half- strength 

Hoaglands nutrient solution was added , and thereafter at two- weekly 

intervals . 

2 . 2. Treatments 

2 . 2 .1 Definition of Growth Stages 

Plant water deficits were induced at f i ve different growth stages, 

and were defined as follows : 
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Treatment 
Mean period of stress 
in days after sowing 

Mean duration of 
peri od i n days 

T1 Water stress duri ng 

floral initiation 

T2 Water stress during 

inflorescence development 

T3 Water str ess during flowering 

T4 Water stress during secondary 

head flowering 

T5 Water during the post floweri ng 

period 

34- 53 19 

53- 75 22 

75- 95 20 

83- 95 12 

95- 114 19 

Preliminary studies under glasshouse conditions had indicated that 

these growth stages could be specifically determined by observing 

morphological changes in development . The approach of floral 

i nitiation was determined by dissecting exci sed apices and noting 

changes in the shape of the stem apex under a dissecting microscope . 

The stage of development taken as floral initiation was the same as 

that illustrated by Horowitz and Beech (1974) . At this stage the 

meri stem is surrounded by t he developing inner involucral bracts , and 

the first floral initials are just visible at the base of the apex. 

The appearance of the tertiary buds in leaf axi ls signified that floral 

initiation was complete in all developing heads as very few tert i ar y buds 

developed . The first growth stage was therefore defined as froffi the 

pre- floral initiation state of the apex unti l the appearance of 

tertiary buds . As plants treated at floral ini tiat i on did not ini tiate 

tertiary buds , the treatment was terminated when tertiary buds tecame 

visible in well watered plants . 



The stage of inflorescence development was defined as that from the 

appearance of tertiary buds , until the morning the f irst florets of 
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the primary head elongated , signifyi ng the start of anthesis . The 

appearance of tertiary buds coincided with the stage at whi ch the 

initials of the earliest buds had formed flo r ets . These then developed , 

and leave s expanded until flowering began . 

Once fertilization has occurred , the florets wilt and fade . At 95% 

flower fade , all but very late heads have flowered , signifying the end 

of flowering for heads that will develop mature seed . The flowe~ing 

stage was therefore defined as from and including bud burst in the 

primary head , until 95% of the f lowers had faded . The primary head 

flowers first , followed by the secondary heads in order of development . 

The stage of secondary head flowering was from and including bud burst 

in the fir st flowering secondary head until 95% of the flowers had faded . 

Both flowering treatments therefore finished at 95% flower fade . The 

first started at primary bud burst , whereas the second did not start until 

secondary head bud burst , after the pri mary head had flowered . The final 

stage of development was from 95% flower fade until physiological 

maturity when most leaves and bracts had turned brown, 20 days after 

95% flower fade . To overcome plant to plant variations in rate of 

development , the start and end for each of these stages were determined 

on a per plant basis to ensure each plant was treated according to the 

correct stage of development . 

2 . 2. 2 Treatment Implementation 

The daily watering system needed to be efficient to minimise the time 

plants were out of the controlled environment, accurate to ensure all 
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plants were treated similarly, and able to water to a predetermined 

soil moisture content . These requirements were met with an electro­

mechanical device (DSIR internal report) which was used to rewater the 

soil in each container to a preset weight accurat e to ±2 g . Control 

plants were watered every second day , while treatment plants were watered 

daily. With 200 plants involved , the watering operation required less 

than one hour for well watered containers , and about t hr for treatment 

containers. Treatments were initiated by withholding water until a 

predetermined soil moisture content had been r eached. Drying down 

usually r equired about 2 days . A plastic cover was placed over tte top 

of the soil to reduce water l oss from the surface . In the same way as 

for well watered plants , the soil was cycled between an upper and lower 

soil moisture content, except water was added with a large plastic syringe 

through a small hole in the plastic cover . The watering nozzle of the 

electromechanical device dispersed water over the soil surface, therefore 

using a syringe prevented water loss at the container sides, and the 

covers could be l eft in place . Nutrient solution was not added to 

containers during treatments. 

2.2.3 Measurement of Treatments 

Soil water potential 

The relationship between soil water potential and soil moisture content 

(SMC) was found from the soil moisture retention curve (Fig 1) , which was 

determined using a pressure plate membrane apparatus . Soil moisture 

content was related to the water holding capacity of the soil to establish 

container weights of various corresponding soil moisture contents . 

Initially, a few grams of soil were lost from the container , due to fine 
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Figure 1 Soil moi sture r etention curve 
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material washing out. Once settled the water holding capacity was 

just over 500 g . Well watered containers were cycled above approximately 

-0 . 3 bar soil. This corresponded to 36- 46% SMC, or initially, 1450 to 

1550 g container weight . As the experiment progressed , these weights 

were increased to account for increases in plant weight . Treatment 

containers were cycled between 20% and 24% SMC which corresponded to 

a rewatering minimum of about - 3 . 5 bar soil and initially, 1300 g 

container weight . The watering regimes were checked at the end of 

each treatment by determining the gravimetric moisture content of the 

weighed soil from containers of harvested plants . 

Plant water potential 

Leaf and flower head water potential wer e measured using the pressure 

chamber method (Boyer, 1969). Pressure seal s were made from silicon 

rubber polymerised in situ to accomodate the crescent-shaped petiole 

of the leaf, and the circular shape of flower head stems . Gas entering 

the pressure chamber was humidified by bubbling it through water at 

the base of the cylinder. Measurements of water potential were taken half 

an hour before the photoperiod began. This also represented the minimum 

soil moisture content in the cycle as containers were rewatered after 

the measurements were taken . A torch was used to locate plants, and 

excised leaves and flower heads were immediately placed in the pressure 

chamber for measurement . A low heat dissecting lamp was used to 

illuminate the cut end of the petiole , and the end point was observed 

. using a lOxmicroscope lens. Young, rapidly expanding leaves 

were used for measurement until flowering began. Thereafter young 

flower heads were selected as most leaves by this time had fully 
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expanded . Three measurements were made from well watered plants , and 

three from treatment plants every second day throughout , from the 

beginning of T1• 

2 .3 Measurement of Plant Re sponse 

Plants were harvested at the beginning and end of each treatment , 

except the beginning of T
4

• Five plants per treatment were used at 

each harvest except the final one in which ten plants per treatment 

were u sed . The number and dry weight of plant components (stem, leaf , 

bract , heads) were measured where applicable . As all buds that formed 

in the leaf axils did not develop the number of visible buds were 

recorded separately from the number of developing buds . Plant material 

wa s dried in a vacuum oven at 40°c for 24 hours , then equilibrated 

at 22°c and 55% RH for a few hour s before weighing . Plant height was 

measured from the stem base at the soil surface , to the uppermost part 

of the plant. Leaf and bract area were measured with an AAM-5 type automatic 

area meter. 

At 95% flower fade and at final harvest, additional components of seed 

yield measured were potential and actual seed number per head , and 

1000 seed weight . As each floret and associated embryosac in the head 

is capable of producing a seed , their total number were termed the 

potential number of seed per head . The embryosacs and seeds were counted 

after clipping off the florets with scissors and removing the bracts 

with tweezers to expose the capitulum. The proportion of seeds was 

therefore a measure of seed set . One thousand seed weight was determined 

for each plant by dividing the weight of seed per plant by the number 



of seeds per plant and multiplying by 1000. Flowering dates were 

recorded on tags tied to each inflorescence the morning they began 

flowering. 
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Seed quality was measured by determining the proportions of hull and 

kernal in the seed at 95% flower fade and at final harvest. Seeds were 

split open with a sharp scalpel blade and the kernel removed from the 

hull for weighing. At final harvest, oil content and quality was 

determined by gas liquid chromatography (Slack, 1976) . Protein content 

of the seed was estimated from determinations of percentage nitrogen 

in the seed using a modified micro Kjeldahl method as· described by 

Haslemore and Roughan (1976) . 

2.4. Statistical analysis 

A completely randQmised experimental design was used due to the 

flexibility in physical arrangement of experimental units (plant s) 

available in the controlled environment rooms . In the process of 

routine watering , trolleys were moved to new positions within the room, 

and plants were moved to new positions on the trolleys . As there were 

no identificable sources of variation among the experimental units 

other than treatment effects , this design was initially most useful, 

and preferred for its relative simplicity. The recorded data was 

analysed by one way analysis of variance , using a Social Science 

Stastical program available for use on the B6700 computer unit at 

Massey University. Least Significant Difference was applied for mean 

separation in cases where mean inequality was statistically significant 

at the 5% level or less . Relationships between yield and yield 
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components were determined by multipl e regressjon. A preliminary 

analysis of the data indicat.3d that l~he variances from different 

treatments were approxi.rn .. 1tely proportional to the rneans therefore a 

log transformation was applied to the data before the Analyses . 

The higher mean s were largely associated with plants well watered 

throughout, ::i.nd plants not treated until later stages of maturity. 

'I'he larger variatice:-; of the se means may have been associated with 

greater expression of variability i n i..he later treated plo.nts . 



CHAPI'ER 3 - RESULTS 

3 . 1 Soil Water Status 

The minirnl~m soil moisture contents for harvested r·lants are shown in 

Table 1. The overall me.s.ns c:c::cre<ipond to 2.pproxi:nate ly - 3 . 5 bar 

and - 0 . :3 bar scil water potential for treatment and contr ol plants 

r espect ive ly (see Fig 1 ) . There was little variation in s oil rroisture 

content for plants harvc~stt:d a t differerit stc.ges of growth . Differences 

between c:on.tain1:;rs with:Ln trea~me:r'-ts at each l1arvest were a lso .sr::.al l , 

a lthcuf5·h well wate:red one.:: we re slightly more variable . Some of thjs 

variatior:. wa.s .s.t-cTibl1table to sorr.e plan"'Gs having a h i gher f r esh ueight 

thru1 others. The results i11d:icate that adjustment in container 

r ewateri ne; we i ghts fo:c· ch.sne;es in me en plai.1t fresh we i ght mjnj rni::>ed 

differences between tres.tL1er'-ts , and the rewatering system based 011 

container weights w1cts effective in maintaining the diffe re::i.ce between 

treatment ru~ control soil m0istur e contentso 

TABLE 1 Meen Gr av i metri c Soil Mo i sture Content (% g/g) at Harvests 

Harvest Nu.mber Da;y:s from Sowing Treatment Control 

34 34 . 3 

2 53 20 . 1 ( T 1 ) 35 . 1 

3 75 21 • 1 (T2) 41.1 

4 95 19 .4 (T3) 

18 . 8 (T 4 ) 36 . 6 
c; 11 4 19 . 7 (T5) 34 . 8 ~· 

Overall Meen 19 . 8 36 . 4 

3 . 2 Plnnt Water Status 

Leaf and head water potential , corresponding to the rewater ing soil 

moisture content , gr adually dec lined throughout pl ant growth and 

development (Fig 2) . There was more day to day var iability in the water 

potential of water s tressed plants , possibly because s mal l differences 
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in soil moisture content had a relatively greater effect on plant water 

potential at treatment levels than at control levels (see Fig 1 ). 

Differences in heen water potential were greatest toward the end of 

the final treatment when flower heads were drying down and nearing 

maturity. As most readings were within a 2 bar range , a reasonably 

even difference in water potential was maj_ntained between 'well watered 1 

and 1water stressed' plants throughouto 

3o3 Plant dry weight 

Well watered plants increased in dry weight most rapidly once floral 

initiation began, and during the flowering stage of growth (Fig 3). 

Plant dry weight was reduced most by water deficit during floral 

initiation (T 1 ), and was 3Cffo less than control at final harvest. Water 

stress during flore.l deve lopruent (T) reduced dry weight 18% by the 

stage of 95% flower fade ~nd 19% by final harvest. Stress during 

secondary head flowering (T
4

) resulted in a significant reduction in 

dry weight of 11 % after flowering. Treatments T
3 

and T
5 

followed the 

same trend, but were not significantly different from well watered 

plants at final harvest. 

3.4 Components of plant dry weight 

The cumulative changes in dry weight are shown fpr each treatment in 

Figs 4 to 9. 

3.4,1 Stem 

Total stem dry weight accounts for a large proportion of the plant, 

a."'l.d changes due to water stress at the different growth stages resulted 

in similar trends to those for· plant dry weight o Primary stem dry 

weight was almost halved by T1 and was significantly less than that 
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for other treatments at all stages of growth (Fig 10) . The reduction 

due to T2 was 22% by the stage of 95% flower fade and significantly 

less than later treatments , but at final harvest was 15% and not 

significantly less than that of the later treatments (T
3

, T
4

, T
5

) . 

The dry weights of secondary head stems increased most markedly between 

53 and 95 days from sowing, after much of the primary stem had developed 

(Fig 11 ) • It was severely r estricted by T 1 , being only 13% of that of 

well watered plants at the end of the stress period, and 25% of that of 

well watered plants by final harvest. Treatment T2 reduced dry weight 

of secondary hend stems 53% by the end of flowering. There was no 

significant reduction due to T
3 

or T
4 

at the stage of 95% flower fade, 

but thereafter T3' T4 e.r.d T5 resulted in a decline toward final harvest 

which was most severe for T
5

o 

3.4.2 Leaf 

Leaf dry weight increased most between 34 and 53 days from sowing 

(Fig 9) and was considerably reduced by water stress at any stage after 

this (Figs 5-8). Treatment T1 reduced leaf dry weight 56%, however by 

the stage of 95% flower fade it was not significantly less than that of 

well watered plants . By final harvest the leaf dry weight of T1 and 

control was 72.% greater than that of other treatments . 

3.4.3 Head 

The total dry weight of flower heads per plant increased to a maximum 

at the stage of 95% flower fade (Fig 9). Head dry weight was reduced 

74% by T1, although this was only 3(J'/o by the start of flowering. 

By final harvest it was significantly lower in all treatments, compared 

with well watered plants, with T
4 

having the smallest reduction of 11%. 
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Primary head dry weight of T
1 

and T2 was not significantly less than 

control at the start of flowering but by the end of flowering were 2Cf/o 

and 2~ l es s respec tively than control , while that of T3 and T4 was not. 

By final harvest, the primary head dry weight for all treatments was loss 

than that of well watered plants (see appendix) . As witl:: tota l head dry 

weight, the late:r the stage in development at which stress occurred, 

the less was t he effect on fil1al secondary head dry weight . 

3.4.4 Brc:..cts 

Bract dry weight increased most rapidly between 53 and 75 days after 

sowing, reaching a maxi mum at 95% flower fade, after 95 days. The 

pre-flowering treatments T
1 

and T2 highly significantly reduced ·bract 

dry weight (65 and 44% r es pectively at flowering) whereas for the flowering 

and post- flowering treatments T
3

, T
4 

and T
5

, it was not significa:..'ltly 

reduced c0mpared with we ll watered ccntrols . Primary head bract dry 

weight was r educed. 59Jb by T
1 

and fi% by T2 , whereas for secondary heads , 

T2 was more severe than T
1 

a 

3.4.5 Dead Matter 

The dead matter was leaf material which had tu:med brown as a result of 

leaf senescence . None appeared in well watered plants until the flowering 

stage and most senescence occured after flowering (Fig 9). Treatment T1 

caused a significant amount of dead matter to develop by day 53, and 

persisted with little change until the final harvest when there was 

significantly less for T
1 

than for well watered plants (see Appendix). 

Treatment 2 resul ted in accumulation of dead matter more severe than T
1 

by the start of flowering but not significantly different from well 

water£<l plants at final harvest. Treatments T
3 

and T
4 

had most dead 

matter at 95% flower fa.de, with T
5 

causing the more severe increase. 
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Fieure 4 Cumulative chan&es in mean dry we i,s-ht per plant. (T1) 
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Ficure 6 Cumulative cllariee~ i n mean dr y woicht per pl ant ( T3 ) 
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Figure 8 Cumulative change~ in mean dry wei(Sht per plant(T5) 
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Figure 9 Cumulative chanees in mean dry weight per plant (C) 
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Figure 10 Mean primary stem dry weight per plant 
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Fi::;ure 11 Mean secondary stem drJ weight per plant 
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At final harvest, T5 had the highest amount of dead matter, although it 

Has not significantly greater than that of treatments T2 , T:~ and T4• 

3.5 Plant Height 

Plant height increased. very rapidly once floral initiation had started 

(Fig 12). In well watered plants, plant height had essentially reached 

a maximum by the start of flowering. Treatments during and after 

flowering had no significant effect on plant height.. -However T 
1 

and 

T2 which were applied dW'ing the period of rapid height increase, 

resulted in plants sj gnifica..'1.tly lower than those of later treatments 

and well watered ones. Treatmcmt T 
1 

had the most severe effe ct with 

plB.i."1.ts of significantly lower height than in T2 except at 95% flower fade. 

3 . 6 Green Leaf Number 

The number of green leaves developing reached a maximum by the end of 

the floral initiation stage . Thereafter in well 1vatered plants, leaf 

numter gradually declined until final harvest (Fig 13). Changes in 

green leaf number were similar to the changes in lee£ dry weight already 

described. Treatment 1 significru1tly reduced the number of' green leaves 

developing by the end of the stress period. Green leaf number was 

reduced during and after the stress period by T2, T3' T
4 

and during T
5

• 

3.7 Green Leaf Area 

As with green leaf number, T1 hignly significantly reduced green leaf 

area during and following the period of water stress (Fig 14). Non­

reversible reductions in green leaf area resulted from later treatments 

which were imposed after maximum laaf area had been reached in well 

watered plants. By the stage of 95% flower fade plants in all treatments 
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Figure 14 Mean l eaf area per plant. Treatment duration 
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except T 1 had a significantly lower green leaf area than well watered 

ones. At final harvest plants from T1 and control had highest green 

leaf area despite the smalle:· size of plants from T1 • Treatrr.ent T 1 4 

caused a highly significant reduction in green leaf area at final 

harvest even though this was the shortest period of water stress. 

3.8 Bract Area Ber Head 

Ch,.,.ngss in br9.ct area rer head were similar to changes · in bract dry 

weight . Most bract area increase occurred between 53 and 75 days from 

sowing in well \v9.tered i:lants (Fig 15, Fig 16) . Bract area per head 

was reduced by wl::l.ter stress before flowering (T1, T2 ) but not during 

or after flowering (T
3

, T
4

, T
5

). At final harvest plants from '.11

1 had 

a significantly lower bract area per head than those from T2 which in 

turn were significantly different from treatments T
3

, T
4

, T
5 

and control. 

Bract area per primary head was highly significantly reduced by T1 and 

T2 (Fig 1 G) . During flowering, bract area increased to a greater degree 

in these treatments than in well watered plants, and by final harvest 

there was no statistically significant difference between T2 and later 

treatments or control. However the bract area per primary head was most 

severely reduced by T1 which at final harvest was significantly less than 

that of all other treatments and control . Changes in bract area per 

secondary head were similar to those for all heads (see Fig 15). Bract 

area per secondary head tended to be reduced more by T2 than T1 whereas 

bract area per prireary head was more severely reduced by T1 than T2• 

3.9 Visible Bud Number Per Plant 

The number of buds that were visible increased to a maximuni over the 

period of floral initiation (Fig 17) . Only Treatment 1 significantiy 
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reduced the visible bud number compared with well watered plants . 

3.10 Developing Head Number Per· Plant 

In well watered p1ants, changes in the number of developing heads were 

similar to those for the visible bud number although not all visible buds 

deve loped into flowering heads (Fig 18). As expected , T1 reduced the 

number of developing hea.ds compared with well wate red plantso Treatment 

2 had a significantly lower number of heads developing after approximately 

10 days of water stress . Al t hough the number of developing heads per 

plant increased in l at er harvests , there were significantly f ewer developed 

heads per plant at final harvest than on plants fro m later treatment and 

control plants . 'l'reatments 3, 4 and 5 had little effect on the n'J.mber 

of developing heads and wer e not significantly differ ent from control. 

3 . 11 Phasic Development 

The mean dc:;.tes for different stages of growth are shown for each 

treatment in Table 2 . There vras very little difference between treatments 

2.n time taken to reach different stages of development. Plants that were 

well watared throughout t""nded to bP slightly later tha.n wat er s t ressed 

plants duI·ing the later stages of development. There was no significant 

difference between treatments in the mean period of flowering or duration 

of flowering per head . However plants from T2 started flowering 

significantly earlier than well watered plants . They reached 95% flower 

fade earlier and wer e physiologically mature earlier than plants well 

watered throughout. 



TABLE 2 

Phasic Development 

Da;zs from sowing 

Stage of Development T1 T 
2 T3 T4 T5 c Overall Mean 

Start of floral initiation 34 34 

End of floral initiat ion 53 53 53 

Primary bud. burst 81 75 80 79 81 82 80 

95% flower fad e 96 93 95 95 95 99 95 

Physiologi cal maturity 114 1 ·11 114 114 115 118 114 

3 . 12 'Seed Yie l d per Plant 

Seed yield was reduced by al l tre a tments , however this was statistically 

signif i cant only in the pr e-flowering treatments T1 and T2 (•rable 3). 

'.rhe lowest seed yi eld. per plant resulted from T2• Although seed yield 

per pl ant from pri mary heads followed the same trend , these differences 

were not statistically signifi cant . Seed yield from sec ondary heads 

was the major source of yield per plant . Plants from T2 had a lower seed 

yield per plant from sec0ndary heads than other treatments or cont rol. 

TABLE 3 

Mean Seed Yield Per Plant (g) 

Treatment T1 T2 T3 T4 '.:2 Q 

1.80 1.43 2 . 95 ~ . 64 2. 59 3 . 32 

b b a a a a 

Mean Seed Yield Per Plant from Primary Heads (g ) 

Treatment T1 T2 T3 •r __± T5 Q 

0 . 46 0 . 39 0. 77 0 . 71 o.66 0 . 66 

(n . ;:; . ) 
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Table 3 cont ' d 

IJJ:ean Seed Yield Per Plant frorr: Secondary Heads (~) 

Treatment T1 T2 ~ T4 T5 c 

1. 34 1.04 2 . 18 1.93 1.93 2 . 66 

a b a a a a 

3. 13 Compone nts of S2ed Yield 

The three direc t components of s eed yield. a r e the number of heads per 

plant , the number of seeds per head and seed weight . As the potential 

nUID.ber of sites av ailc.ble from which seed may set can be variable , the 

potent:!_al number of seeds ~ e r head was also considered as a compon ent 

of seed yield . 

3 . 13.1 Number of Heads per Plm1t 

The mean number of productive heads per plant ra.r..ged f r orr:. 3 . 4 for T
1 

to 5o0 for well watered plants (Table 4) . Treatments 1 and 2 result e d 

in a significantly lmver number of heads per plant at final harvest 

whereas water stress durin~ and after flowerine had not significMt effect . 

The number of productive secoi1d::try heads per p l ant wer e r educed most by 

Plants from T. also produced significantly fewer sec ondar y heads 
I 

than well watered plants but not signi~icantly less than t reatments 3 , 

4 and 5 . 

TABLE 4 

Mean Number of Productive Heads per Plant a t Final Harvest 

Treatment Total Secondar;y: 

T1 3 . 4 b 2 .7 be 

T2 3 . 5 b 2 .5 c 

T3 4 . 2 a 3 . 2 ab 

T4 t~ . 2 a 3 .2 ab 

T5 4 .3 a 3.2 ab 

c 5.0 a 3 .6 a 
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Plants from all treatments produced one primary head per plant except for 

several in T
1

, where the primary he~td did not deve:J.op past a sruall bud 

stage . A few late tertiary heads had developed in the whole population 

by final harvest. These were confined to plants from T5 and controJ. and 

made a negligible contribution to seP.d yield 

3 .1 3 . 2 Potential Number of Seeds per Head 

A highly significant r eduction in potential number of seeds per head 

resulted from water stress during floral initiation (T1 ) (Table 5). For 

water stress at all other stages of growth there was no significant 

change from that of plants well watered throughout. The reduction in 

potential seed number per head due to T1 tended to be slightly le ss 

severe in the later developing secondary he3ds than in pri~ary heads . 

TABLE 5 

Mean Potential seed number rer head 

Treatment Total Per Primary Head Per Secondary Head 

T1 25 b 22 b 25 c 

T2 36 a 40 a 35 b 

T3 39 a 41 a 38 ab 

T4 37 a 41 a 35 ab 

T5 42 a 44 a 42 ab 

c 42 a 45 a 42 a 

3.13.3 Number of Seeds per Head 

In all cases, the potential number of seeds per head was not realized 

and actual seed number per head was considerably lower. The total 

number of seeds per head were highest in T
3 

and lowest in T
2 

(Table 6). 
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Treatment 2 had significantly fewer seeds per head than all other 

tre atments except T1 . Although T1 tended to have fewer seeds per head, 

this was significantly less than the f lowering treatment s T3 and T4 only. 

These trends were evident for seed number per primary head, but not 

statistic ally significant . For the larger number of secondary heads , 

number of seeds per head showed the same significant difference as 

those developed over all heads. 

TABLE 6 

Mean Seed Number per Head 

Treatment Total Per Prinary He ad Per Secondary Head. 

T1 9. 2 be 8 . 1 (N . S.) 9 . 7 be 

T2 8 . 3 c 6 . 2 9 . 2 c 

T3 14 .8 a 14. 2 15.0 a 

T4 13 . 2 a 13 . 5 13.6 a 

T5 11.9 ab 10. 4 12 . 3 ab 

c 12 . 5 ab 9. 3 13 . 4 ab 

3.13 . 4 Potential and Actual seed number per plant 

The effect of differences in heads per plant, potent ial and actual seeds 

per head on potential and actual seeds per plant are shown in Table 7. 

TABLE 7 

Mean Potential and Actual seed numbe1· per plant, and per centage seed set 

Treatment Mean potential seed Mean seed number Percent§!:ge 
number "!2er 12lant 12er 12lant seed set 

T1 93 c 34 b 37 a 
T2 1 31 b 29 b 22 b 

T3 163 a 62 a 38 a 
T4 155 ab 57 a 37 a 
T5 177 a 50 a. 29 ab 
c 197 a 58 a 29 aq 
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The potential seed numb8:.".' per plant was not significantly different for 

treatments T3, T4 9.Y~ T5 however the overall trend is an increase in 

the potential number of seeds per plant f:r·o:n T 1 through to Control. 

A comparison between treatments at flowering (T3 and T4 ) and other 

treatments i a given jn Table 8 . 

'.I'ABLE 8 

Comparison of Treatments for mec:m seed number per head and mean percentage 
seed set 

(i) Mean number of seeds per head 

Total Prim&r;y head Secondarv head 

T1 ' T2, T5 , c 10 . 5 b 8 . 3 b 11.0 b 

T3, T4 14. 0 a 13.5 a 14.0 <?1. 

(ii) Mean nercentae;e seed set 

Totnl PrimaYll he ad Seco~dar;y:: head 

T1 ' T2, T5 ' c 29. 9 b 22 . 3 b 31 • 2 b 

T3•· T4 37 . 2 a 33 . 5 a 39.0 a 

When gr ouped. together, treatments durir .. g the flowering period gave a 

s i gnifi cantly hj_gher ;iercentage seed set and number of seeds per head than 

other -treat ments and well watered pl ants. 

3.1 3.5 Seed Weight 

One thousa::id seed weight at 95% flower fade was not significantly different 

for any treatment (Table 9). The weight of seed from secondary heads was 

about half that from primary heads. 

At final harvest 1000 seed weight of plants from T1 and control was 

significantly greater than that from treatments 3 and 4 (Table 10). 

Total 1000 seed weight tended to be lower in plants from T2 and T5 
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however these differences were not s t at istically significanta There was 

little difference in 1000 seed weight for primary head seed, although 

that of well watered plan ts tended to be higher. The lower me an 1000 

seed weight for primary head seed in T1 is merely due to some plants not 

developing seed bearing pri.m ary he1:.ds. Practically al l the differences 

between treatments in seed weight were due to th<ise in the secondary hee.d 

seed . 

TABLE 9 

1000 Seed weight (g) at 95% fluwer fade (Harvest 4) 

Treatment Total F'or Primar--i head seed For Seconda.r" head seed 

T1 1 a.a (N .S. ) 39 .6 (N . S.) 1 5 .4 (N .S.) 

T2 26 . 0 30 . 0 21. 8 

'r 3 26 . 4 42 . 4 23.4 

T4 23 .4 38 . 2 2c . 2 

c 1.S . 4 37 . 4 15 . 4 

TABLE 10 

1000 Seed weight (g ) at final harvest 

I 

Treatment Tot al For Primar;z head seed For Secondar;y head seed 

T1 57 . 1 a 46 . 9 (N . S. ) 56 . 4 a 

T2 :;2 . 7 abc 64 . 1 49 . 5 abc 

T3 44 . 0 c 59 . 6 40 . 7 c 

T4 46 . 8 be 58 . 8 45 . 5 be 

T5 54 . 8 ab 63 . 3 52 . 0 ab 

c 57.2 a 77 . 3 54 . 3 a 
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J . lh Relationships between yield and components 

The relationships between seed yield per plant and its components were 

determined by multiple r egressi on , and are summarised in Table 11. 

Over all treatments , 95% of the variation :i.n seed yield could he 

accounted for by the three components seeds per head , heads per plant 

and 1000 seed weight . Seed number per head had the highest single 

correlation coefficient , and the highest standardized partial 

r egression coefficient (Bet&) . There was a small negative 

correlation between seed yield per plant and 1000 seed weight . 

Treatment three had a slightly lower multiple correlation coefficient 

between yield and yield components , and relatively less variation in 

seed yield (74%) was accounted for by these components than in the 

other treatments . Water stress after flowering (T5 ) resulted in the 

largest negative correlation between saed yield and 1000 seed weight . 
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TABLE 11 

Summary for multipl e r egress ion of seed yield on s eed yi eld components 

Treatment Trai t 

T1 1000 se ed wei ght 

Seeds / head 

He ads/ plant 

T2 1000 seed we i ght 

Seeds/head. 

Heads / pl ant 

T3 1000 seed wei ght 

Seeds/head 

~-leads/plant 

T
4 

1000 s eed we i~h~ 

Seed s /hec..d 

Heads/pl ant 

T5 1 000 seed weight 

Seeds/head 

Heads/pl ant 

C 1000 s e ed weight 

Seeds / head 

Heads/ plant 

Multiple R 

0 . 47 

Oo93 

0 . 94 

0 . 26 

0 . 94 

1. 00 

o. 32 

0 . 85 

0 . 86 

0 . 03 

0 . 78 

0 . 98 

o. 79 
0 . 86 

0 . 99 

0.58 

o . 69 

L OO 

R2 

0 . 22 

0 . 86 

0 . 89 

0 . 07 

0 . 89 

0 . 99 

o. 10 

0 . 72 

0 . 74 

o.oo 
0 . 60 

0 . 97 

0 . 63 

0 . 86 

0 . 99 

0 . 34 

0 . 4 8 

1. 00 

Simple R 

- 0 . 47 

0 . 90 

0 . 40 

- 0 . 26 

0 . 85 

0 . 01 

0 . 32 

0:83 

0 . 28 

- 0 . 03 

0 . 60 

0 . 80 

- o. 79 

Oo93 

- OoOO 

- 0 . 58 

0.69 

0. 40 

3. 15 . 1 Seed hull and kernel we i ght s at fine.l he.r-vest 

Bet a 

0 . 37 

1 • 13 ** 

0 . 15 

0 . 57 ** 

1. 33 ** 
0. 33 ** 

o. 17 

0 . 78 ** 

0. 13 

0 . 65 ** 

0 . 75 ** 
0 . 66 ** 

0.73 ** 

1 .7C ** 

0 . 50 ** 

0 .32 ** 

1 . 24 *°* 
0 .80 ** 

Differences in seed weight be tween treatment s for the s eed sampl e used in 

the kernel and hull analysis foll owed simil ar trends to those f ound for 

all s eed . J.n s eed frc.m primary heads , '11

4 had the l owest kerne l we i ght 

whereas T5 harl the highest (Fig 19). Primary head seed f J'.'om well watl'lred 

plants had a part icularl y hi gh hulJ wei ght , while that from the 

flowering per iod treat men t s had low hull weight . 
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The high percentage kernel in Ti:: (Table 12) appear~> to be due to the 
_; 

high kernel weight, whereas fo.!'.' T3 E«:..1d T4. it appears to be due to the 

low hull we ight. 

TABLE 12 

Percentage kernel 

Treat ritent 

In Primsi·y bead seed 

In Secondary head 
seed 

'l' 1 

L0.4 

c 

35 . 1 

cd 

T2 T3 

41. 7 44 . 2 

be ab 

36 . 2 42 . 1 

be ab 

·r 4 T5 c 

43.4 45 . 1 35.3 

abc a d 

42.7 39.4 31.8 

a abc d 

Differences between treatments in the proportion of hull and kernel for 

secondary he r.id seed were similar to those for primary he ad seed (Fig 20) . 

In secondary head seed tt.P.re was no sigr.ificant difference in kc::~rnel 

weight betwel?.n trea.tllle~ts. Hcw::iver the hull weight of seed from well 

1i'atE·red pl ants wns s:i.gnif j_ca.ntly greater than that in a ll treatments 

except T 1 • Treatments 3 and 4 had t:rn lowest hull weight for seconda.ry 

:"lead seed. As wi t:h primary heed seed, this recmltecl in the flowering 

and pos t f'lowe:ring trcatment::i having seed of hi~hest percentage kernel 

(see Table 12). 

3 .15.2 Seed and Hull weight at 95% flower fade 

As the s e condary he ad seed had just 11egan to develop by tb.is stage, only 

the primary head seed was sampled for analysis of kernel and hull 

proportions . There was no significant dj.fference between treatments for 

1000 seed weight (Table 13 ), as fo1md for all seed at 95% flower fade. 

The 1000 seed hull weight was lowest for T2 , T3 and T
4

, although the 

difference for T3 and T
4 

was not significant at t hiG stage of g:rowth. 
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The mean percentage hull in the seed and the mean hull weight as a 

percentage of the final hull weight was 84% (Table 14) . The seed 

of treatments 3 and 4 developed only 2!fo more hull after flowering in 

contrast to a further 37% developed in seeds of well watered plants . 

TABLE 13 

Sample seed and hull weight of primary head seed at 95% flower fade 
(Harvest 4) (g) 

Treatment 

3.16 Seed Composition 

TABLE 14 

1000 seed weight 

38. 9 (N .S . ) 

33 . 3 

36 . 4 

40 . 3 

37 . 8 

1000 seed hull weight 

34. 4 a 

26 . 5 b 

31 . 7 ab 

31 . 7 ab 

33 . 3 a 

Mean Proportion of hull in seed (%) Mean hull weight as % of final 
hull weight 

Treatment 

Tl 88. 4 84. 5 

T2 79 . 6 74. 2 

T3 87 . 1 97 . 5 

T4 78. 7 99 . 1 

T5 82. 8 

c 88. 1 63 .3 

Mean 84. 4 % 83 . 6 % 



3 .16.1 Seed Hull, Kernel and Percentage Oil Composition 

The r esult s from a bulked sampl e analysis used for the oil quali_ty 

analysis are given in Table 15. Differences between treatment s in 

seed weight , hull wei ght and% kernel in these samples are simi1-ar to 

t hose alr eady described. Percentage oil in the kernel tended t o · be 

high in seed from T
5 

and well watered plants. Percentage oil in_ the 

seed varied little between treatments, except in T
5 

where a high 

percentage kernel and percentage oil in the kernel combined to g:::ive a 

slighter higher percentage oil in the seed . The hi gh percentage oil 

in the kernel of seed from well watered plant s was not associatec:i with 

a high seed oil content , probably because this seed hacf a high hU..111 

weight and low per centage kernel. 

TABLE 15 

Sampl e seed and hull weight , % kernel and % oil 

Treatment Seed wei ght Hull wei ght % Kernel % Oil in ~ OiLl in 
(mg) (mg) kernel SE!ed 

Ti 72 44 38 62 23 .6 

T2 59 38 35 65 23 . 2 

T3 52 32 38 61 2:;3 .. 2 

T4 58 35 41 58 233 . 7 

T5 69 41 40 67 2S . 5 
c 71 50 30 74 2~ .3 

Mean 64 40 37 65 23: . 8 

3 .16.2 Seed Oil Quality 

Oil from the seed was of high quality and showed little variation_ betweern. 

treatment s (Table 16) . The mean percentage of linoleic acid was 
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relatively high (85%). The slightly lower l evel in T1 and C was 

associated with an increase in percentage oleic acid . 

TABIE 16 

Percentage Oil Composition 

Treatment Palmitic Stearic Oleic Linoleic -
Tl 6. o 1. 9 8. 2 84. 0 

T2 5. 5 1. 7 7.1 85 . 7 

TJ 5. 9 1. 6 6. 4 86 . 1 

T4 5. 9 1. 7 7. 0 85 . 5 

T5 5. 4 1. 9 6. 6 86 .1 
c 5. 4 2. 7 9. 5 82 . 4 

3 . 16 . 3 Seed Protein Content 

Water stress had little effect on seed protein content as estimated 

from percentage nitrogen in the seed , for any stage of growth (Table 17) . 

TABIE 17 

Seed Protein Content (% N x 6. 25) 

Treatment c 

15.0 14.0 14. 7 

Seed . from T2 had the lowest protein content , however the difference 

between highest and lowest values was only 1.9% and there was little 

evidence of a specific stress effect . 



3.17 Harvest Index 

The harvest index or efficiency of seed production in each treatment 

is shown in Table 18. 

TABIE 18 

Treatment c 

Harvest Index 26.L 

a a a a a 

The harvest index was not significantly reduced due to water stress 

at any of the growth stages except floral development (T2) . Following 

the rapid increase in plant dry weight during floral initiation, the 

effect of water deficit on development of florets probably contributed 

to the low harvest index in T2• Water stress during floral initiation 

(T1) reduced plant dry weight (Fig 4) and this resulted in lower seed 

yield but not a lower efficiency of seed production. The values of 

harvest index obtained in this study compare favourably with those 

obtained elsewhere . Stern and Beech (1965) reported a range of 13-20 

depending on plant density , while Beech and Norman (1963) gave values 

of 21 to 25 depending on planting date. The high values in Table 

13 probably result from favourable growing conditions obtainable in 

controlled environment rooms . 
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CHAPTER 4 - DISCUSSION 

From the review of literature it was evident that an approach to 

interpreting stress-yield relations should consider the plant response 

according to stage of growth , within reference frames of stress 

severity and duration. Also it was apparent that due to the sequential 

development of traits of seed yeild, the effects of stress on seed 

yield of safflower would be dependent on the stage of plant growth. 

The results will be discussed in terms of plant responses for the 

different stages of growth at which water stress was imposed. 

4.1 Stress Severity 

The role of the watering system was to provide similar levels of stress 

severity at different stages of growth , and to maintain an even 

difference in water potential between 'well watered ' plants and 'water 

stressed' plants . The plant water deficit as measured by leaf and 

head water potential was reasonably even for all treatments, mostly 

between -8 and -10 bar . To what extent plant water deficit may have 

increased during the photoperiod is not known, although on these values 

alone, the treatments represented at least 'moderate' water stress. 

Control plant water potentials were mostly between about -2.5 and -4.5 bar. 

Duniway (1975) has recorded leaf water potentials of about -2 bar in 

young well watered safflower plants using psychrometric methods. He 

considered that the resistance to water movement through the stem was 

small in comparison with resistance to water uptake in the leaves. In 

safflower the lower leaves of even well watered plants tend to drop at 

the later stages of growth. In this experiment the control plants 
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exhibited rapid rates of leaf enlargement indicating that in these plants , 

turgor-dependent processes such as cell expansi on were not inhibited 

at the water potentials measured . I n the absence of information on 

this aspect of safflower other than that of Duniway (1975) , a critical 

comparison of the absolute values of the water deficits measured is not 

possible. It i s of intere st to note that safflower is suited to similar 

conditions as those for cotton and the two crops are often grown in 

rotation (Wei ss 1971) . Cotton plants may never attain water potentials 

above - 3 to -5 bar i n well watered soils (Keipper et al 1973; Bielora.i 

and Hopmans (1975) . 

In quantifying the stress severity , the water potential measurements in 

thi s experiment indicate that a stress of similar severity was imposed 

f.-:i r each of the growth stages consi dered . That an even difference in 

water status between well watered and water stressed plants was 

maintained i s support ed by the r~su1.ts in Tabl 1 which indicate the 

corresponding soil moisture cont ent s determined at each harvest . 

4 . 2 Stress Duration 

The treatment s were designed to provide periods of water deficit of 

comparable duration at different stages of growth. As there was little 

change in phasic development due to water stress at any of the growth 

stages (Table 2) , it was possible to maintain a sLrnilar period of stress 

duration. This was about 20 days in all treatments except T4 which was 

12 days due to the shorter stage of development being consi dered . 



Plants water stressed curing floral development (T2) began flowering 

before well watered ones , 75 days after sowing . At this stage plants 

selected for water stress during flowering (T
3

) were dried down so 
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that they were at stress levels by primary head bud burst a few days 

later. Therefore although in well watered plants the stage of floral 

development was slightly longer than the period of flowering (Table 2), 

the actual duration of water stress 1vas similar for both and comparable 

with that for the other stages of growth except secondary head flowering. 

The mean duration of water deficit can be considered as at least 

moderate, in which many indirect and secondary alterations to plant 

growth and metabolism would be expected to occur . Nevertheless, such 

period of drought can be reasonably expected under rainfed conditions 

of safflower production, and it is the resulting changes due to the many 

physiological respon ses contributing to seed yield that are being 

considered in this study. 

4.3 Stage of Growth 

4.3.1 Water Str ess during floral initiation (T1)• 

W~ter stress during floral initiation reduced seed yield by almost half 

that of well watered plants. The basic source of yield reduction was 

due to fewer seeds per plant (Table 7) since seed weight was not affected 

by water deficit at this stage of growth (Table 10). Both fewer heads 

per plant and fewer potential seeds per head contributed to a reduction 

in potential number of seeds per plant. Because the lower number of 

inflorescences was associated with a lower number of visible buds 

(Figs 17 and 18) water stress at this stage appears to have reduced 
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head number by limiting floVIer bud development . The lower potential 

seed number per head in stressed plants appears to be a direct result 

of fewer florets being initiated on the apex of each flower bud . 

This type of response has been r eported in sunflower (Marc and Palmer 

1976) and barley (Nicolls and May 1963 , Hussain and Aspinall 1970) . 

As fewer florets developed i n each head , seed number per head tended 

to be low, however the perc sntage seed set was relatively high (Table 

7) thus the ::i.ctual seed number per head was not sigmficantly less than 

that of well watered plarits. 

The reduction in plant g~owth r·esulting from water stress during floral 

initiation was expref>sed by lower dry weight of practically all plant 

organs (Fig 4). This may in part be due to the effect s of water str ess 

on cell division and expansion in organ primordia which by restricting 

early development of the primordia c::mld limit the final organ 3ize . 

Slatyer (1969) has indicated that slower rates of organ development 

are generally associated witn smaller mature organ size . Thi s response 

has been found in leaf development due to an extended period of water 

stress (Fisher and Hagan 1965 , Boyer 1970a) . Certainly t he dry weight 

of bracts and flower heads which were initiated at the time of stress 

but developed largely after the period of stress was significantly 

lower than that of well watered plants . The bract dry weight of 

secondary heads tended to be less affected than that of primary heads 

since secondary head bracts are later developing . Green leaf number 

was reduced during the period of stress , probably due to a reduction 

in the rate of foliar primordium initiation before transition of apices 

to a reproductive state . In sunflower stressed at levels greater than 



-5 bar (Marc and Palmer 1976) total leaf number was reduced due to a 

lower rate of leaf initiation at that stage of development. After 
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the period of stress , a further reduction in green leaf number was in 

part due to the death of several basal leaves. Leaf expansion was 

severely inhibited during the period 8f stress and showed little recovery 

until flowering began (Fig 12). Durin8 flowering however, there was 

some increase in leaf area per plant along with a general increase in 

the size of other plant organs . At final harvest the plants had a 

similar leaf area to that of well watered plants de spite their smaller 

size . Thi s was largely due to the relative increase in leaf area of 

plants from T1 during flowering when that of other plants was declining 

(Fig 14). As most leave~> on the main stem had rea ched mature size 

by flowering , the increase in l eaf area was probably due to late secondary 

stem leaf development . 

Post flowering leaf senescP.nce t ended to be slower in the T1 plants so 

at final harvest they had a higher proportion of green leaf but similar 

actual leaf area to well watered plant s . These responses appear to have 

had no significant influence on the harvest index (Table 18). The 

apparent postponement of plant growth therefore has not affected the 

efficiency of seed production. However the smaller plant size compared 

with well watered plants limited the yield per plant obtainable. 

4.3.2. Water Stress during inflorescence development (Tzl_. 

Plants that were water stressed during the stage of inflorescence 

development suffer~d the greatest reduction in seed yield, being less 

than half that of plants which were well watered throughout. 



Inflorescence development has been reported as the most sensitive 

stage to water stress in safflower by numerous workers (Seydlitz 

1962, Erie and French 1969, Dastane et~ 1971), although the extent 

of yield reduction varied. In many other annuals also, the stage 

between floral initiation and .flowering results in the greatest 

reduction in seed yield (Salter and Goode 1967). The large reduction 

in seed yield resulted from t h se plants having the lowest number of 

seeds per plant . Apart from those of TJ and T
4

, they also had the 

lowest 1000 seed weight . Langer and Ampong (1970) found that prolonged 

water stress in wheat prior to flowering was associated with lower 

grain weight . However in this ::>tudy the 1000 seed weight was not 

significantly less than that of control (Table 10). A lower seed 

number per plant re sulted from a reduction in both the potential number 

of seeds per plant and the percentage seed set , or the proportion of 

potential sites actually filled (Table 7). 

The reduction in potential seed number per plant was due to fewer 

productive secondary heads developing. Floral initiation had occurred 

before the period of water stress , thus the potential number of seeds 

per head was not affect ed (Table 5). As in this study, Seydlit.z 

(1962) found that the severity of yield reduction at this stage of 

growth was the result of head number per plant being reduced more than 

at other stages under stress conditions. Unlike plants stressed 

during floral initiation, the lower head number was not associated 

with a lower visible bud number (Figs 17 and 18) therefore the early 

development of flower buds was not affected by water deficit at this 

stage. However at final harvest the number of developed heads as a 
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percentage of the visible bud number was 69 . 4% for plants stressed 

during floral development, and 79 .4% ~ o. 6 for all other plantsa 

The visible buds which had not developed into flower heads on the 

stressed plants were mostly supported by a short stem , rather than 

remaining in the axils of leaves on the primary stem. This suggests 

that water deficit during floral development reduces the productive 

head number by preventing the development of a porportion of buds that 

have formed and begun development into a flower head .- The stress 

probably re sult Ad in a delay between bud formation and e:x-tension of 

the stem , which could prevent further dev.e1opment of the bud a s 

described for barley by Gallagher et al (1976) . 
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A lower percentage seed set in heads that did develop resulted in fewer 

seeds per head . This may have been due to interference with the normal 

development of flor ets because at this stage there is intense competition 

for assimilate within the plant , and a reduction in the availability of 

carbohydrates or nutrient s can result in a lower seed number (Slatyer 

1969) . A low seed set due to water stress during floral development has 

also been reported for other seed crops (Aspinal et al 1964, Langer and 

Ampong 1970 , Moss and Downey 1971) . As this tYPe of response has a 

direct influence on the seed yield it can be expected to reduce the 

efficiency of seed production , and appears to have been the case in 

this study (Table 18) . 

The period of water deficit continued to a stage where plant height 

had reached a maximum in well watered plants , therefore in stressed 

plants the inhibition of increase in plant height was not reversed 



On stress relief (Fig 12). As leaf area was near a maximum at the 

start of the stress, the reduction in green leaf area was largely the 

result of leaf senescence rather than an inhibition of leaf enlargement. 

This is apparent from Figs 13 and 14 1vhich show an irreversible decline 

in leaf number and. area toward maturity. As the largest leaves on the 

plant are near the stern base, and these senesced first under stress , 

it is poc:;sible that some development of upper l eaves occurred while 

the green leaf area per plant was declining. Yellowing of leaves 

declined after streS!3 r elie."'.:' as indicated by a fall from 50fo to 25% 

during flowering of the prcportion of green leaf yellowing. Nevertheless , 

leaf senescence was more severe at this stage of growt·h than dw:-ing 

floral initiation and probably contributed to a reduction in assimilate 

supply result ing in reduced seed yield. This response appears similar 

to that found by Urie et al (1968) in defoliation studies with 

safflower, where leaf removal was mo2t critical to yield during this 

stage of inflorescence development. 

1.'he floral bracts which normally grow most rapidly at this stage of 

growth were severely restricted in size but showed no signs of 

senescence. Work by Aslamy (1972) suggests that development of floral 

bracts is particular1y important to the safflower plant. They are 

very active photosynthetically from flowering onwards. The inhibition 

of bract area expansion during floral development would limit the 

assimilatory surface available particularly where leaf senescence has 

also occurred. The smaller bract size of the water stressed plants 

therefore probably contributed to the reduction in seed yield that 

resulted. 

9' 
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4.3.3 Water S~~~~g__!_lower~ng (T3) 

In contrast to the severe reduction in seed yield due to water stress 

during floral development, stress sover the flowering period caused 

no significant reduction in seed yield . The number of heads and potential 

number of seeds in each had been determined before flowering therefore 

these components were not a source of yield reduction . A low seed 

number was not involved , since there were more seeds per head in 

these plants than in those stressed at other stages of growth (Table 6) . 

The significant stress effect was a lower seed weight . The most severe 

reduction in seed weight occurred it1 seed from secondary heads (Table 10). 

As the process of flowering in safflower is sequential in nature, the 

flowering period al su includes the phase of rapid seed development 

immediately after anthesis , and appears to be the main reason for the 

reduction in final seed weight due to water stress at this stage of 

growth . ~uch of the initial increase in seed weight is due to development 

of the seed hull. By the stage of 95% flower fade, seed from primary 

heads of all plants consisted of more than 80'/o hull (Table 14). The 

lower weight of seed from plants stressed during the flowering period 

is thus largely due to a low hull weight . By restricting growth of 

the hull(most rapidly developing seed component) during the period of 

water deficit, further hull development on stress relief was restricted . 

In contrast, the kernel weight increased toward maturity and was 

comparable with that of well watered plants at the final harvest (Fig 19). 

These re sponses led to seed of higher percentage kernel and lower hull 

content. 
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Water stress over the flowering period had little influence on the 

increase in dry weight of most plant organs that had reached mature 

size . Thi s included dry weight of t3tem , head and bracts . However a 

large increase in jead matter resulted due to enhanced leaf senescence 

as evidenced by a rapid decline in green leaf area, and more so after 

95% flower fade , leaf nurnber (Figs 13 and 14). This was associated 

with a decrease in green leaf dry w~ight (Fig 6) . The greater reduction 

in dry weight of stem5 and flower heads of these plants than wel l 

watered ones may have been partly in response to the loss of green l eaf 

material during the period of stress . Urie et al (1968) has found that 

seed weight in safflower is reduced most by leaf removal at the late 

bud and early flowering sts.ges . As T3 involved the early flowering 

stage , the enhanced senescence of leaves may have resulted in lower 

seed weight due to similar mechanisms involved in defoliation at this 

stage of growt~ . The defoliation studies also show that decrease in 

seed weight due to defoliation at flowering i s directly relat ed to a 

decrease in hull content. The results are similar to those found in 

this study , where leaf senescence was rapid due to water stress at 

flowering. Although seed weight was depressed , seed yield was little 

affected since the number of heads per plant and number of seeds per 

head accounted for most of the variation in yield . As indicated by 

the findings of Urie et al (1968) and Aslamy (1972) the floral bracts 

appear to have played an important role in maintaining seed development , 

compensating for the severe loss of green leaf material . 

4.3 . 4. Water stress during secondary head flowering (T4) 

The primary head tended to be less vulnerable to stress effects than 

MASSEY Un ·'.''"RSfTY 
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secondary heads. This may be due to components of the primary head 

having a lower relative growth rate than those of secondary heads at 

this stage of growth . In other studies (Williams and Shapter 1955, 

Aspinall et al 1964) it has been r eported that when water is limited, 

organs growing most rapidly suffer the greatest check to growth . 

As would be expected from the result ~ of T3, the significant effect of 

water stress during secondary head .flowering was lower seed weight 

(Table 10). A similar r esponse pattern in T 4 to that resulting from 

stress over the whole f1owering period (T3) occurred for the proportions 

of hull and kernel in the seed (Table 12) . 

Water stress at this stage of growth (T4) was designed to affect both 

seed set in the secondary heads, and seed weight increase in the primary 

head, ~;ince both procesi'3es would be occurring at the same stage of 

growth. The yeild of both primary and secondary heads was influenced 

by effects on both seed set and seed weight . 

A response to water stress common to both treatments 3 and 4 was the 

tendency for a high number of seeds per head not found in plants water 

stressed at other stages of growth or in well watered plants . Overall 

variation in seed number per head is due to differences in the 

potential number of seed sites and the proportion of these that are 

filled . I n T1 where the potential number of seeds per head were low 

and percentage seed set tended to be high , both traits were important 

in determining seed number per head. Water stress during the flowering 

period did not i~fluence the potential number of seeds per head , thus 

the percentage seed set was most important in determining the number of 
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seeds per head. The close association in T3 and T4 of a high seed 

number per head with a high percentage seed set (Table 8) suggests 

that under the environmental conditions of this experiment , water 

stress during the flowering period tended to increase seed set thereby 

increasing the number of seeds per head . A similar response has been 

reported in wheat and pepper plants (Campbell et al 1969 , Kaufmann 

1972). 

The fertilization process of safflower is severely impaired by high 

humidity , and has been affected at levels lower than those used in 

this study (Zimmerman 1972b) . Therefore any changes in plant water 

relations or the immediate environment around the reproductive parts 

of the plant that might r educe the effects of high humidity may also 

allow an increase in seed set . The stress effect on seed set was 

similar for both TJ and T4 (Tabl e 8) . If the fertilization process 

only was impaired, then it would be expected that the primary head 

from T4 would not be affected . However the results indicate that the 

primary head from T4 was affected similarly to that from T3 (Tables 

6 and 8) . There i s the possibility that rapid leaf senescence during 

the period of water deficit may have increased the flow of metabolites 

to sites of fertilization . Slatyer has reported that an early change 

associated with leaf senescence is the movement of nitrogen from the 

senescing leaf toward meristematic regions . An increase in the 

supply of carbohydrates or nutrients may increase seed set , since a 

reduction in the availability of either can lead to a reduction in 

seed number (Slayter 1969) . 
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Apart from t he increase in dead matter due to leaf senescence, there 

were insignificant changes in dry wei ght of plant organs during this 

period of stress . Thereafter however significant reductions in the 

dry weight of stem , heads and gr een l eaf (but not bracts) r esulted 

(Fig 7). This may have been in re sponse to the premature onset of 

rapid leaf senescence . Despite the shorter period of stress involved, 

water stress at this stage of development re sulted in green leaf 

area per plant as low as that for TJ and T5 by the final harvest . 

4.3.5 Water Stress during the post flowering period (Ts) 

Water stress during the post flowering period had no significant effect 

on seed yi eld per plant , and in contrast to str ess at earlier stages 

of gr owLh , had negligibl e influence on any of t he direct components 

of seed yield . This is in contrast to the large reduction i n yield 

found by Seydlitz (1962). However other s (Stern and Beech 1965 , Erie 

and French 1969 , Abel 1976b) have shown that water stre ss after 

f l oweri ng does not necessarily decrease yields. Nevertheless stress 

effects on indirect components of yiel d appear to have influenced 

seed quality . 

The plant re sponse at this stage of growth was characterised by a 

reduction in the dry weight of plant organs that was greater than in well 

watered plants . The reduction in dry weight of secondary head stem, 

flower heads and leaf were particularly severe whereas that of the 

floral bracts was more moderate (Fig 8). At final harvest plants 

from T5 had accumulated a large amount of dead matter as a result of 

extensive and rapid leaf senescence . Of the green leaf area that 
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remained, virtually all of it was yellowing whereas for that of well 

watered plants in the process of natural senescence , about half was 

yellowing. The rapid rate of senescence may have influenced the 

amount and type of metabolites reaching the seed, thereby altering 

seed quality . This type of response to water stress has been suggested 

by Wardlaw (1971) in studies with wheat . 

The hull weight of the T5 seed was greater than for plants stressed 

during the flowering period since much of the hull had developed before 

the treatment was imposed . Increase in hull weight must be restricted 

to a certain extent by water stress after flowering since well 

watered plants tended to have a greater seed hull wei ght than those 

from T5• Studies that have associated hi gh hull content with excessive 

rain or high humitidy after flowering (McGregor and Hay 1952 , Weiss 

1971) suggest that seed quality could deteriorate if excessive water 

i s present during seed maturat i on . Water stress during the flcwering 

period increased percentage kernel in the seed largely by restricting 

an increase in hull weight . A higher kernel weight may have also 

contributed to the high percentage kernel in the seed of plants stressed 

in the post flowering period. During the post flowering period it 

appears that proportionately more hull than kernel accumulated in the 

seeds of well watered plants . The seed of water stressed plants tended 

to accumulate relatively more kernel than hull . Therefore by final 

harvest seeds from the water stressed plants had a greater percentage 

kernel and a lower hull weight than those from well watered plants . 

These differences suggest that water deficit at this stage of growth 

may have resulted in an increased flow of as similates from other plant 

parts into the kernel of the seed , since there was a reduction in the 
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dry weight of plant organs to a greater extent than in well watered 

plants. As with water stre ss during the flowering period, the degree 

of leaf senescence was of such an extent that the bracts enclosing 

the seeds in the head became a large proportion of the remaining 

photosynthetically active surface area. As a r esult of the large loss 

in green leaf area the bracts may have played an important role in 

maintaining assimilate supply to the seed , during this stage of seed 

development. 

Seed from plants stressed after flowering had a relatively high 

percentage oil in the kernel and in combination with a high percentage 

kernel, resulted i n having the hi ghest seed oil content. Well water ed 

plant s also had a hi gh percentage oil in the kernel but this was offset 

by the high seed hull content which limited the percentage oil in the seed1 

4.4 Effects of Water Stress on the Sequentially Developing Traits 

of seed yield 

Over all treatments, 95% of the variation in seed yield per plant was 

determined by the sequentially developing traits heads per plant, seeds 

per head and seed weight (Table 11). However differences in yield may 

not be as marked as those for its components because of mutual 

compensation of the components (A shrie et al 1974). It may therefore 

be useful to consider the effects of water stress on trait development 

when the traits of seed yield are transformed into directly comparable 

units. The effects of water stress at different stages of growth on 

the sequential development of traits are compared in Fig 21. The 

original units of the traits (xl = heads/plant, x2 ~ seeds/head, x3 

seed weight) were placed on the same scale by transformation to plus 
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and minus deviations with a mean of 0 and a variance of 1 by the 

formula: -

x 1 (Log x1) - P1 

r1 

Where P1 and r 1 denote, respectively, the sample mean and standard 

deviation of log x1 (Driscoll and Abel 1976). 

The negative deviations for each trait are closely associated with 

water stress at the stage of growth in which each trait was developing. 

Therefore the trait heads per plant which was determined between floral 

initiation and flowering suffered the greatest reduction due to stress 

at this stage of growth (T1 and T2) . Increase in seed weight was 

most rapid during the flowering period therefore it was limited to 

the greatest extent by water stress at that stage (T
3 

and T
4
). These 

comparisons emphasisetheneed for environmental resources to be 

available at the appropriate stages of development. 

The effect of water stress on seed yield was thus dependent on the 

stage of growth, because this determined which traits would be 

restricted. Figure 21 shows that plants from T1 had a high seed weight 

whereas plants from T3 had low seed weight. As plants from T3 had a 

higher seed yield than those from T1 is appears that seed weight has 

relatively little influence on seed yield. On the other hand, plants 

from treatments with positive deviations for heads per plant (T3, T4, 

T5, C) had higher seed yield than those with negative deviations for 

this trait (T1 and T2). A close relationship between seed yield per 

plant and the number of seeds per head indicates that changes in seed 
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Figure 21 Comparison of sequentially developing traits in 
standardis ed form 
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number per head were also an important determinant of seed yield . 

This relationship i s supported by t he multiple r egression of yield 

onto the yield components . 
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Water stress during and after flowering thus had little effect on seed 

yield because a reduction in seed weight was relatively unimportant. 

Hbwever the large effect on seed yield due to a change in head number 

per plant contributes greatly to the greater sensitivity of seed yield 

to water stress between floral initiation and flowering . A low seed 

number per head in plants from T2 on the one hand, and a high value for 

plants stressed during flowering on the other emphasises the strong 

effect this trait had on seed yield. 

4.5 Implications to Agricultural Production 

The traits of seed yield in saffl ower develop sequentially but differ 

in the extent to which they can influence total seed yield, therefore 

the effects of water stress on seed yield of safflower are particularly 

dependant on the stage of growth . High seed yields are especially 

dependant on the availability of adequate water between floral 

initiation and flowering because seed yield is reduced most due to 

water stress at this stage of growth. Crops which are sown late will 

have more risk of being affected by drought , therefore provided 

safflower is planted early, the critical stage of inflorescence 

development will usually occur under more favourable moisture conditions. 

If the cropping rotation or a factor of the environment such as low 

temperature does not permit early planting, then irrigation during 

this stage of growth should be considered under dry conditions to 

prevent depression of seed yields . 
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Water stress after flowering improved seed quality without 

significantly reducing seed yield, by reducing the seed hull content 

compared with plants kept well watered. In humid conditions or where 

the seed is maturing late in the season and subject to autumn rain, 

the seed may develop a high hull content which is undesirable. 

Early establishment may therefore improve seed quality by avoiding 

wet conditions during seed ripening , without risk of large yield 

reductions due to drought after flowering . Safflower may be suited 

to areas with dry late summer/autumn periods , provided temperatures 

are warm enough for early planting and moisture adequate during 

inflorescence development. 

As the plants were grown in containers the root system was restricted. 

Nevertheless seed yield was resistant to water stress during the later 

stages of development . This indicates that safflower may not necessarily 

entirely depend on an extensive root system for its independence of 

late season rainfall as suggested by Weiss (1971). The floral bracts 

are probably important organs under stress conditions due to the large 

loss of green leaf through enhanced senescence . Should a physiological 

basis for drought resistance be determined in safflower, genetic 

material from the world collection could be utilized to improve 

safflower yields under dry conditions. 
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EFFECTS OF WATER STRESS ON PLANT GROWTH (1) 
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Plate 1. Tr eatment 1 compared with contr ol 
56 days from sowing 
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EFFECTS OF WATER STRESS ON PLANT GROWTH (2) 
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Plate 2. Leaf senescenc e and earlier flowering 
in T2• 78 days from sowi ng 
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EFFECTS OF WATER STRESS ON PLANT GROWTH (3) 

Plate 3. 88 days from sowing. From left to right the 
plants are , respectively, well watered , T4, 
T3• Lower leaves are green for well watered , 
yellow for T4, yellow and brown for TJ plants . 
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EFFECTS OF WATER STRESS ON SEED DEVELOPMENT 

Treatment 3 

Non-developing seed 
Tr eatment 5 

Treatment 2 

TreatmenL 5 

Devel oping seed 
Tr eatment 5 
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DIFFERENT STAGES OF APICAL DEVELOPMENT I N SAFFLOWER 

Vegetative apex . Si de view 

Ear ly stage of floral i nitiat i on 
Top vi ew . (T1) 

Floral initials fully 
f ormed . Top view (T1) 

Vegetat i ve apex 
Top vi ew 

Floral initiation almost 
complete . Side vi ew . (T1) 
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DIFFERENT STAGES OF INFLORESCENCE DEVELOPMENT IN SAFFLOWER 

Flor et s devel opi ng within 
encl osi ng i nvolucral bract s (T2) 

Post flowering stage (T5) . Non-developing 
seed at far left , middle and far right 



STATISTICAL ANALYSES 

Summaries of the statistical analyses are presented for the 

transformed data . All analyses were made after transforming to logs . 

The analyses for dry weight and seed yield were made using log 

(number + 1) to avoid negative logarithms . The time of harvest is 

shown in brackets after each harvest number , i n mean number of days 

from sowing . For the statistical notation , values having the same 

letters are not significantly different at the 5% and 1% levels for 

small and capital l etters respectively . 
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ANALYSES OF VARI ANCE OF !<'.RAH DRY WEIGHT PER PLAI'll' 

HARVEST 2 (53) 

SOURCE d:f m.s. 

BEI'll.EEN GROUPS 1 3.344 

WITHIN GROUPS 8 0.089 

TCYI'AL 9 

HA.WEST 3 (75) 

df m.s. 

2 1 ..469 

12 0.109 

14 

HARVEST 4 ( 95) 

df 

4 

20 

24 

m.s. 

0.517 

0.058 

GROUP ME:ANS AND STATIST IC AL NCITAT ION FOR MEAil\J SEPA'U.TION 

T1 Oo691 b B 0.988 b B 1 0850 b B .. 
T2 1.897 a A 2.096 b B 

T3 ~-454- a A . . 
T4 2.583 a A 

T5 

IC 1 .848 a A 1 . 954 a A 2.558 a A 

HAHVEST 5 ( 114) 

df 

5 

54 

59 

10 761 

2.021 

20309 

2.238 

2.308 

2.502 

m.s. 

0 .,681 

0.056 

d c 

c BC 

ab A 

b AB 

ab A 

a A 

~ 
--.J 



ANALYSES OF VAHIANCE OF 1.:EAH Tffi'AL STE:.: DRY 1"/EIG::i"T PER ?LANI' 

-
HARVEST 2 (53) HA.WEST 3 (75) HARVEST 4 (95) HARVEST 5 ( 114) 

SOURCE df m.so df m.s. df m.s. df m.s. 

BEI''NEEN GROUPS 1 1 .958 2 1 .167 4 0.438 5 Oo579 

WITHIN GROUPS 8 0.065 12 0.061 20 0.042 54 Oo048 

TCJrAL 9 14 21+ 59 

GROUP - MKANS A._l\ID S'l'!:.TISTICAL NaI'ATIOii FOR l.~AN SEPARATION 

T1 Oo672 b B 0.669 b B 1 0142 b c 0.900 c c .. 
T2 1 .429 a A 1.402 b BC 1 .324 b B 

T3 1. 708 a AB 1 .Li54 ab AB 

T4 1 .808 a A 1 .378 b AB 

TS 1 .458 ab AB 

c 1.557 a A 1.566 a A 1 .822 a A 1 .602 a A 

;t:> 
00 
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.ANALYSES OF V A5.IANCE OF W~AN PRI ~.'.ARY STEM DRY '.'/EIGHT PSR PLANI' 

-
HARVEST 3 (75) HARVEST 4 ( 95) HARVEST 5 ( 114) 

SlDURCE elf' m.s. df m.s. df m.s. 

BETWE:.""'N GROUPS 2 1 0038 4 0.348 5 0.479 

WITfilN GROUPS 12 0.058 20 0.035 54 O.C41 

_TO'l'AL 14 21+ 59 

GROUP - MEANS Pi -TD STATISTICAL NOTAT ION FOR !.EA?i SEP.A.0 ..ATION 

T1 o.648 b B 1 .077 c c o.854 c B 
. 

T2 1 .361 a A 1 .331 b BC 1 .262 b A 

T3 1 .578 a AB 1 .348 ab A 

T4 1 .665 a AB 1 .274 b A 

T5 1 .372 ab A 

c 1.495 a A 1. 7CY+ a A 1.493 a A 

' 
~ :i> 

'° 
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ANALYSES OF V .A.?.IPJ~CE OF UEAN S"SCONDA..ttY HEAD STE!.'. DRY WE.:IGh"T PER ?LJJlI' 

HAn"VEST 3 ( 75) 

SOURCE df m. s . 

BETlflEEN GROUPS 2 0.096 

\':.CTHIN GROUPS 12 0.010 

TC1l'AL 14 

HARVEST 4 ( 95 ) 

df' m.s. 

4 0 .. 165 

20 0.022 

24 

HA-~lEST 5 ( 114) 

di' 

5 

54 

59 

m.s. 

0.130 

0.019 

GROUP - l.!EANS Al·iD STATISTICAL NOI'ATIC'I'-1' FOR :.~...ti.H SSP.A..1.ATI ON 

T1 

T2 

T3 

.T4 

·T5 

. c 

Oo037 b B 

0.252 a A 

0.295 a A 

0.191 b c 

0.249 b BC 

0.513 a AB 

0.590 a A 

0.532 a A 

0.110 d c 

0.207 cd BC 

0.360 ab AB 

0.334 ab AB 

0.286 be AB 

0.439 a A 

;x:> 
I-' 
0 



. ANALYSES OF V .ARIJ..NCE OF L:EAN LEAF DRY YIEIGHT PER :i?LA?IT 

HARVEST 2 (53) HARVEST 3 ( 75 ) HAINEST 4 (95) 

. SOURCE di' m.s. di' m.s. di' m,s. 

BETV/EEN GROUPS 1 1 .032 2 0.352 4 0.122 

WITHIN GROUPS 8 0.025 12 0.041 20 0.036 

TCYI'AL 9 14 21+ 

GROUP '..'.EA.t\TS AED STATISTIC.AL NaI'hTICN FOR i.-:EA.i"i SE1'A_P..ATION 

T1 0.480 b 'B 0.413 b B o. 713 '. ab .. 
T2 0.747 a AB 0.549 be 

T3 0.411-5 c 

T4 0.552 be 

T5 

c 1 .122 a A 0.936 a A Oot'40 a 

HA.WEST 5 (114) 

di' 

5 

54 

59 

0.500 

0.208 

0.152 

0.044 

Oo175 

0.547 

a 

b 

b 

b 

b 

a 

m.s. 

0.414 

0.055 

A 

B 

B 

B 

B 

A 
;i::.. 
t-" 
t-" 
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..ANALYSES OF :V.ARIA.HCE OF :.'SAN TCfl'AL H2AD DRY '.'8IGI-ir PER PLAflT 

HA..llVEST 2 (53 ) 

SOURCE df' m.s. 

BEJ.",'IK:.:N GROUPS 1 Oo270 

WITHIN GROUPS 8 0.005 

TarAL 9 

HA.l'NEST 3 ( 75) 

df 

2 

12 

14 

m. s. 

0.285 

0.025 

H.ARVEST 4 (95) 

df 

4 

20 

24 

m.s. 

0.246 

0.029 

GROUP MEPJ~S AfID STATISTICAL NCJI'ATIOH FO!l '.EA"~ SEFA.:"U\TION 

T1 0.114 b B 0.561 c B 1 .076 c c 

T2 1 .039 a A 1 .263 be EC 

T3 1 .561 a AB 

T4 1.602 a A 

T5 

c Ooli43 a A Oo806 b .AB 1.478 ab AB 

HARVEST 5 ( 114) 

df' 

5 

54 

59 

0.848 d 

1 oC45 . C 

1.169 be 

1 .141 be 

1 .197 b 

m.s. 

Oo273 

0.024 

c 

B 

AB 

B 

AB 

1 .339 a A 
:x> 
f--' 
l\) 



. ANALYSES OF VP.RIANCE OF i~EAN PRI;,~11.Y EE.AD D:::tY 1.'iEIGh"'T 

HAtt~ ST 3 ( 75) 

SOURCE elf' m.s. 

BETWEEN GROUPS 2 0.1 01 

i'IITHIN GROUPS 1 2 0.053 

TCJrAL 14 

H!u.WEST 4 ( 95) 

elf' 

4 

20 

~ 

m.s. 

0.034 

0.005 

HA.T{VEST 5 ( 114) 

elf' 

5 

54 

59 

m.s. 

Oo0S7 

0.007 

GROUPS J,::EAHS AND '.:TATISTICAL NCIT AT ION FOR :.5.k'T SEPARATION 

T1 0.379 n. s. 0.485 c c 0.264 b B 

T2 o.6L1-6 ... . . ~ ~ -. 0.535 be BC 0.434 b B 

T3 o.641 a AB 0.456 b B 

T4 00621 nb AB 0.452 b B 

T5 00461 b B 

c 0.429 o.686 a A Oo492 a A 

:i::--
f-> 
VJ 
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ANALYSES OF V.A~IM.:CE OF !.:EAfT SECOIIDA .. ttY !BAD DRY WEIGHT PER PLAHI' 

HMNEST 3 (75) 

SOURCE df m.s. 

BETWEEN GROUPS 2 0.340 

WITHIN GROUPS 1 2 0.021 

TOTAL 14 

HARVEST 4 (95) 

df 

4 

20 

21+ 

m.s. 

0.276 

0.035 

HA..~ST 5 (114) 

df 

5 

54 

59 

m.s. 

0.199 

0.028 

GROUPS MEANS AND STATISTICAL Ii01'A'.I'Imr FO!t :.E.AN SE?ARATION 

T1 0.262 c B o.834 c c o.698 d c 

T2 0.783 a A 1 .04-1 be BC 0.832 ~d BC 

T3 1.348 a AB 0.970 abc AB 

T4 1.407 a A 0.938 be AB 

T5 0.991 ab AB 
-

c 0.533 b AB 1 .224 ab AB 1.105 a A 

.. 

;t> 
~ 

+-
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ANALYSES OF V!JtL~·TCE OF ME.AN TarAL BRACT DRY YTEIGn PER PLPJIT 

H.ARViST 3 ( 75) H.A.'lVEST 4 ( 95) HA.tzVES'l' 5 ( 114) 

SOuRCE di' m. s. di' m.s. di' m.s. 

BECTlEEN GROUPS 2 o.083 4 0.080 5 Oo101 

ViTIHIN GROUPS 12 0.006 20 0.,014 54 0.010 

Tal'AL 14 24 59 

GROUP MEAi~S .kill STATISTICAL NaI'ATION FO~ :. '.E.AN SEPARATION 

T1 0.138 b B 0.290 b BC 0.198 b B 

T2 0.219 b B 0.279 b c 0.223 b B 

T3 0.493 a AB 0.405 a A 

T4 0.556 a A 0.369 a A 

T5 0.385 a A 

c 0.390 a A Oo477 a ABC 0.,437 a A 

::<> 
f-" 
Vl 



ANALYSES OF VA-ttIANCE OF ~!BAN P!U;,~'\.RY HEAD S..'lACT DRY 'NEIGHT 

HA.WEST 3 ( 75) 

SOURCE df m.s. 

BE'n'IEEN G!tOU? S 2 0.013 

WITHIN G~OUPS 1 2 0.001 

TOTAL 14 

HARVEST 4 (95) 

di' 

4 

20 

24 

m.s. 

0.007 

0.002 

HARVEST 5 ( 114) 

df 

5 

54 

59 

m.s. 

0.014 

0.002 

GROUP MEANS AED STP.TISTICAL NOTATION FOR !.IB~~ SEPA .. 11.ATION 

T1 0.079 b B o.~o6 c B 0.062 b c 

T2 0.085 b B Oo135 be AB 0.095 b BC 

T3 0.179 ab A 0.148 a A 

T4 0.192 a A Oo133 a AB 

TS 0.149 a A 

c Oo170 a A Oo191 a A 0.152 a A 

:i> ...... 

°' 



ANALYSES OF VPS IANCE OF t'.EAH SECONDARY HEAD BRACT DEtY ~'i"EIGHT PER PLANT 

HARVEST 3 ( 75) 

SOURCE elf m.s o 

BETWEEN GROUPS 2 Oo045 

WITHIN GROUPS 1 2 0.003 

.TCYI'AL 14 

HARVEST 4 ( 95) 

elf m.s. 

4 0.059 

20 0.011 

21+ 

H.AR'TEST 5 ( 114) 

d.f 

5 

54 

59 

m. s. 

0.057 

0.007 

GROUP ME.AI~S Arm STATISTICAL NCYrATION F OR !.~~ SE?A.:.).ATION 

T1 0.065 b B 0.207 be BC 0.144 b B 

T2 Oo146 b AB 0.172 c c 0.140 b B 

T3 0.366 a }J3 Oo294 a A 

T4 0.428 a A. 0/267 a A 

T5 0.265 a A 

c 0.253 a A 0.338 ab .ABC 0.311 a A 

!I> 
I-' 
-.J 
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ANALYSES OF v J.3IA.r:cE OF MEAN D~AD !.'.ATTER DRY WEIGrrr' PER PLA~'IT 

HARVEST 2 ( 5 3) HARVEST 3 ( 75) HA-lNEST 4 ( 95) 

SOURCE df rn.s. df m.s. df m.s. 

BETVi'EEN GROUPS 1 0.195 2 0.126 4 0.339 

WITHIN GROUPS 8 o.ooo 12 Oo~ 20 0.023 

TOTAL 9 14 24 

GROUP J.~ANS A::'ffi ST1\..'.i'ISTICAL NCJr.ATIOIJ FO~ ~::EAN SEPA..'tATION 

T1 0.279 a A 00166 b B 0.131 d c 

T2 0 .. 318 a A 0.556 be .AB 

T3 0.796 a A 

T4 o.697 ab A 

T5 

c o.ooo b B o.ooo c c 0.415 c B 

HARVEST 5 ( 114) 

df 

5 

54 

59 

0.302 c 

0.744 ab 

0.788 ab 

0.812 ab 

m.s. 

0.393 

0.039 

B 

A 

A 

A 

0.819 a A 

o.64.o b A 

:i> 
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ANALYSES OF VAH! .ANCE OF ME.AN PL.ANT HEIGHT 

HAi.'1VEST 2 (53) HA .. tNEST 2b (64-) HP.RVEST 3 (75) HA..WEST 4 (95) W.RVEST 5 (114) 

SOURCE df mos. df m.s. 

BEI'WEEN GROUPS 1 o.626 2 0.729 

WITHIN GROUPS 8 Oo007 57 O.O()J 

Tal'.AL 9 59 

df llloS • 

2 0.262 

12 Oo005 

14 

df m.s. 

4 0.097 

20 0.013 

24 

GROUP MEANS Al'ffi STATISTIC.AL Nal'ATIOH F OR t~AN SEP.fu'tld'ION 

T1 

T2 

T3 

T4 

TS 

c 

3.736 b B 3.973 c c 

4.194 b B 

40236 a A 40353 a A 

30927 c c 4.079 b c 

4.171 b B 4.188 b BC 

4.355 a AB 

40400 a A 

4.385 a A 40390 a AB 

d£ 

5 

54 

59 

m.s. 

Oo19-l 

0.00) 

3.955 c c 

4.198 b B 

4.327 a A 

4.,291 ab A 

40264 ab AB 

1tA299 ab A 

;:i:. 
....... 
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.ANALYSES OF VARI.ANGE OF ME.AN GREEN LZ.AF Nln!BE..'R. PE...~ PLAlri' 

HARVEST 2 (53 ) H.A.li.VEST 3 ( 75) HA.WEST 4 ( 95) 

SOURCE df m.s. df m.s. df m.s. 

BEI'YiEEN GROUPS 1 1 0316 2 00867 4 0.025 

VIITliI N GROUPS 8 0.015 1 2 Oo049 20 0.065 

TOTAL 9 14 24 

GROUP ME.ANS MW STATISTICAL I!OTA'I' I O:N FOR !.ZAI~ S!'.:PA.:1.AT I ON 

T1 3.232 b B 3.060 b B 3.622 n.s • .. 
T2 3.716 a A 3.537 

T3 3.512 

T4 3.613 

T5 

c 3.957 a A 3.833 a A 3.688 

H.AHVEST 5 ( 114) 

df m.s. 

5 10.019 

54 1 0605 

59 

2.395 a AB 

2.402 a AB 

0.980 b BC 

0.842 b · C 

1 .246 b BC 

3.357 a A 

:i> 
I\) 
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ANALYSES OF V ARIAf!CE OF UEAN GREEN I.2AF PJrEA PER PLAIIT 

HARVEST 2 (53) 

SOURCE di' 

BETWEEN GROUPS 1 

WITHIN GROUPS 8 

Till AL 9 

m.so 

3.852 

0.059 

HJJNEST 3 (75) HARVZST 4 ( 95) 

d.f m.s. df m. s. 

2 10703 4 0.554 

12 0.173 20 0.173 

14 24 

HARVEST 5 ( 11 4) . 

di' 

5 

54 

59 

m.s. 

19 • .349 

20443 



. I 
I 

SOURCE 

BETWEEN GROUPS 

WITHI N GROUPS 

TCfl'AL 

GROUP 

T1 

T2 

T3 

T4 

T5 

c 

.ANALYSES OF V A.:1IAECE OF EE.AN BRACT AREA PE..."1 HEAD 

HAJNEST 3 ( 75) HARVEST 4 (95 ) HA.i.:tVEST 5 ( 11 4) 

di' m.s. d f m.s. df 

2 1 o~5 4 0.530 5 

12 Oo1 o6 20 0.129 54 

14 24 59 

MEAHS Kill STATISTICAL 1''.Cfl'AT ICN FO:t ~'.EA: : SEPA.TUITI CN 

1 .818 b B 

1 .608 b B 

2.483 a A 

1 0968 b 

1 .993 b 

2.556 a 

2.580 a 

20588 a 

1 0599 c .. 
1 .970 b 

2.385 a 

2.323 a 

2.287 a 

2.363 a 

m.s o 

0.971 

0.101 

c 

BC 

A 

AB 

AB 

A 

:i=-
l\.) 
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ANALYSES OF V A.B.IANCE OF 1.!E.,.\R BRACT A."fEA PER PRI MARY HEAD 

HARVEST 3 ( 75) 

SOURCE di' m.s. 

BEI'VlEEN GROUPS 2 1 0063 

VIITHIN GROUPS 1 2 0.118 

TCfl'AL 14 

HARVEST 4 (95) 

di' m.s. 

4 o.624 

20 Oo112 

24 

HA.WZST 5 ( 11 4 ) 

df' 

5 

54 

59 

m.s. 

2.567 

Oo250 

GROUP MEANS A.1\JD STATI ST ICAL NCfl'.~ION F OR. ME.t.JI SEPARATION 

T1 20012 b B 2.223 b B 1 .376 b B 

T2 2.026 b B 2.426 b .AB 2.267 a A 

T3 2.,9 23 a A 2.655 a A 

T4 3.003 a A· 2.,583 a A 

T5 2.621 a A 

c 2.818 a A 2.933 a A 2.679 a A 

. 
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N 
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ANALYSES OF V.AJUANCE OF. }.!EK·T B~CT A..'REA P3R SECOiillA..'lY HE.AD 

HARVEST 3 (75) 

SOURCE d:f m.s. 

BET','IEEN GROUPS 2 1 .151 

WITHIN GROUPS 1 2 0.121 

TC1l'AL 14 

HA.WEST 4 (95) 

df 

4 

20 

24 

m.so 

0.687 

Oo096 

HA.WEST 5 ( 114) 

df 

5 

54 

59 

m.s. 

0.770 

o.086 

GROUP MEANS A.:~D STATISTICAL NC1l'ATI ON FOR ! .~AN SEPA.":tATION 

T1 

T2 

T3 

T4 

T5 

c 

1 0625 b B 

1 ..427 b B 

2.339 a A 

1 0936 b B 

1 .860 b B 

2.546 a A 

2.594- a A 

20575 a A 

1 .608 b B . 
1 .8o+ b B 

2.277 a A 

2.224 a A 

20163 a A 

2.235 a A 

:;t>-
1\) 
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ANALYSES OF VARHJ~CE OF- l.'.E..AN VISIBLE BUD t-iU~~ER PE:l PLA.t'IT 

HARVEST 2 (53 ) HARVEST 2b ( 64 ) HA."R.VEST 3 (75) HA.WEST 4 (95) HA.'!WEST 5 ( 114) 

SOURCE df 

BEI'Vili'EN GROUPS 1 

WITHIN GROUPS 8 

TOI'AL 9 

m.s. 

1 0257 

OoC48 

df m. s o 

2 2.007 

57 Oo074 

59 

df m.s o 

2 0.255 

12 Oo059 

14 

df m.so 

4 OoC40 

20 o.o+5 

24-

GROUP MEANS AND STNrISTICAL NC!r.ATION FOR :.:EAN SE?.AH:ITI ON 

T1 1.455 b ·B 1 .313 b B 1 .329 b N.S. 1 .588 n.so . 
T2 1. 788 a A 1. 781 a 1. 726 . 

T3 1 .813 

T4 1.772 

T5 

c 2.164 a A 1 .914 a A 1 .553 ab 1 .786 

d.f m.so 

5 0.193 

54 0.066 

59 

1 0477 b 

1 o7C4 ab 

1 .705 ab 

1. 711 a 

1 .716 a 

1 .915 a 

N.S. 

:;t> 
l\) 
\.Tl 
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SOURCE 

B1"'T\'iEEN GROUPS 

WITHIN GROUPS 

Tar.AL 

GROUP 

T1 

T2 

T3 

T4 

T5 

c 

ANALYSSS OF V A.'t{IA.NCE OF l~-6.N DEVELOPING IEAD NUtP>ill PER ?LAIIT' 

HA.ttVEST 2 (53) HA..WEST 2b (64) HA .. ~TIST 3 ( 75) HARVZST 4 ( 95 ) 

df m.so df m.s. df m.s. di' m.s. 

1 1 o0'+.9 2 2.550 2 0.70'+. 4 o.o62 

8 Ooe1+4 57 0.002 12 0.0'+.9 20 0.020 

9 59 14 24 

~!EANS AND STA'l'ISTIC.A.L NarATI!DN FOR t!EP3 SEPA-:U..TION 

1 0214 b B 0.821 c B 0.855 b B 1 0258 b N.S. 

1 .061 b B 1 0512 a A 1 0386 . ab 

1 0476 a 

1 .557 a 

1 .862 a A 1 0523 a A 10498 a A 1 0386 ab 

- ------------ ---------

HARVEST 5 ( 114) 

df m.s. 

5 0.175 

54 Oo035 

59 

1.214 b c 

1 0243 b BC 

1 .431 a ABC 

1 ..420 a .ABC 

1.449 a AB 

1 .559 a A 

:x> 
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ANALYSES OF VARIANCE OF 1¥'.EAN DAYS TO FLOWER, DAYS T.O 95% FLOi'/ERF.ADE, DAYS TO H.A..WES"I', DURATION 

OF FLO . .'iE...~ING AHD DUR.hTION OF FLO'.':'ERING PERIOD ?Ert HEAD. 

DAYS TO FLOi'/ERU:G DAYS TO 95% FLO't/ERFADE DAYS TO HARVEST D'JHATION OF DURATIO?I ?.t:.=t 

SOURCE df m.so df m. s. df m.s. 

BETWEEN GROUPS 5 0.008 5 0.006 5 O.Ga+. 

WITHIN GROUPS 113 Oo002 79 Oo002 54 Oo001 

TOTAL 118 84 59 

GROUP MS.ANS AND STATISTIC .'IL NOl'ATION F CiR ~.Z..<\N SE?A.t{ATION 

T1 40394 ab A 40562 b AB 4.739 be AB 

T2 4.350 c B 40528 c B 4.709 e B -
T3 40388 ab A 4.555 be All 4.739 be AB 

T4 4.374 be AB 40551 be B 4.732 be AB 

T5 40395 ab A 40551 be AB 4~74} ab AB 

c 4oh07 a A 40591 a A 40770 a A 

FLG.'iE?.ING 

df m.s. 

5 0.018 

79 0.051 

84 

20638 n.s. 

2.674 

2,674 

2o 715 

2.637 

2o 721 

HEAD 

df 

5 

79 

84 

1 0392 

1 .386 

1 .234 

1 .251 

1 .213 

1-.223 

m.s. 

0.098 

O.C49 

n.s. 

;t> 
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ANALYSES OF VARIANCE OF MEAN SEED YIELD PER PLANT AND PER HEAD 

MEAN SQUARE.S 

SOURCE df SEED YIELD PER PLANT SEED YIELD PER PRIMARY HEAD SEED YIELD PER PLANT 
FROM SECONDARY HEADS 

BETWEEN GROUPS 5 0. 446 0. 101 0. 296 

WITHIN GROUPS 54 0. 057 0. 050 0. 109 

TOTAL 59 

GROUP MEANS AND STATISTICAL NOTATION FOR MEAN SEPARATION 

Tl 1. 009 b BC 0. 337 N.S. 1. 001 a N.S. 

T2 o. 866 b c 0. 312 • o. 687 b 

T3 1. 344 a A 0. 559 1.069 a 

T4 1.267 a AB 0. 520 1.041 a 

T5 1.262 a AB 0 . 479 1. 048 a 

c 1.415 a A 0. 483 1.204 a 

:x>-
1\) 
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SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

GROUP --
Tl 

T2 

T3 

T4 

T5 
c 

ANALYSES OF VARIANCE OF MEAN FDTENTIAL SEED NUMBER PER HEAD 

MEAN SQUARES 

df MEAN FDTENTIAL SEED NUMBER 
PER HEAD 

5 0.372 

54 0.028 

FDTENTIAL SEED NUMBER 
PER PRIMARY HEAD 

2. 985 

0. 483 

MEANS AND STATISTICAL NOTATION FOR MEAN SEPARATION -

3. 204 b B 2. 399 b B 

3. 576 a A 3. 673 a A 

3. 643 a A 3. 691 a A 

3. 601 a A 3. 715 a A 

3. 724 a A 3. 782 a A 

3. 719 a A 3. 798 a A 

POTENTIAL SEED NUMBER 
PER SECONDARY HEAD 

0. 342 
0. 042 

3. 218 c B 

3. 531 b A 

3. 627 ab A 

3. 551 ab A 

3. 702 ab A 

3. 730 a A 

:i> 
l\) 
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SOURCE 

BETWEEN GRDUPS 

WITHIN GROUPS 

TOTAL 

Group 

Tl 

T2 

T3 

T4 

T5 

c 

ANALYSES OF VARIANCE OF MEAN NUMBER OF HEADS PER PLANT 

MEAN SQUARES 

df TOTAL NUMBER OF HEADS PER PLANT NUMBER OF SECONDARY HEADS PER PLANT 

5 0 . 175 0 .168 

54 0 . 035 0 . 043 

59 

MEANS AND STATISTICAL iJOTATION FOR MEAN SEPARATION 

1 . 214 b c 0 . 977 be BC 

1.243 b BC 0 . 896 c c 
1 . 431 a ABC 1.156 ab ABC 

1 . 420 a ABC 1 . 138 ab ABC 

1.449 a AB 1 . 156 ab AB 

1 . 559 a A 1 . 240 a A 

::z::,. 
\..U 
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ANALYSES OF VARIANCE OF MEAN SEED NUMBER PER HEAD 

MEAN SQUARES 

SOURCE df MEAN SEED NUMBER PER HEAD SEED NUMBER PER PRIMARY 
HEAD 

BETWEEN GRDUPS 5 0. 619 1.678 

WITHIN GRDUPS 54 0. 180 0. 906 
TOTAL 59 

GROUP MEANS AND STATISTICAL NOTATIONS FOR MEAN SEPARATION 
-

Tl 2. 183 be AB 1. 514 N.S. 

T2 2.009 e B 1. 531 

T3 2. 686 a A 2. 510 

T4 2. 571 a A 2.353 

T5 2. 405 ab AB 1. 999 

c 2. 428 ab AB 1. 970 

df SEED NUMBER PER 
SECONDARY HEAD 

5 2. 316 

178 0. 617 
183 

2.028 be AB 

1. 823 e B 

2. 557 a A 

2. 538 a A 

2. 305 ab AB 

2. 242 ab AB 

;t>-
1.JJ 
I-' 



.ANALYSES OF VA_1tIANCE OF :.SAN PCJI'E;·ITIAL SEED :ru r.:BER P~H HEAD FOR rL\.:1.VESTS 4 A? :D 5 c o;.:SI NED 

SOu"RCE df 

BEI"N~EN GROU? S 5 

WITHIN GROUPS 79 

Tar AL 84 

GROUP 

T1 

T2 

T3 

T4 

T5 

c 

MEAN Pm.'31ITIAL SEED NlHSER 
P'~R HEAD 

m. s. 

Ooh1 6 

Oo031 

ParENI'I.AL SE2D NU!fl3Zrt 
PER P:U MA.BY HEAD 

m.s. 

2.347 

Oo395 

MEANS AiID S?ATISTIC.AL NarJ.T::i:ON FO!l :.'.EA1~ SE?A:.l.ATIOH 

3.292 c c 20789 b B. 

3 .511-0 b B 30658 a A 

30643 ab .AB 3.720 a A 

3.670 a .AB 3.756 a A 

3.721+ a AB 3.782 a A 

3.751 n A 3.84-5 a A 

PC1I'E:ITIAL S§D ~tu:s.3E3. 

PER SEC ONDP..RY .HEAD 

mo So 

O.h01 

o.~3 

30287 c c 

30485 b BC 

3.616 ab AB 

30621 ab .AB 

3.702 a Jill 

3.742 a. A 

:i:> 
VJ 
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ANALYSES OF VAEUANCE OF 1B .. AN SM:D NUMBER PE.-q HEAD FOR H.A..wt:STS 

4 k"ID 5 C 01.'.BHIBD 

M3AJ.'{ SEED I'fuMBSR PE~ HEAD SESD NU ll~:i. PErt .PRE'.A .. :.l.Y HEAD SE~;D NU:..B:S:q PER 

SOURCE df 

BEl";'/EEN GROUPS 5 

WITHIN GROUt='S 79 

Tar AL &... 

GROUPS 

T1 

T2 

T3 

T4 

T5 

c 

m.s. 

1 0165 

0.265 

m.s. 

1 0639 

o.899 

UEA.t'iS k\TD S'i'ATISTICAL NITTATIOiI FOR :.EAN SEPA.1iMlION -
2.248 a AB 1 .593 n.s. 

1 0861 b B 1 0560 

2 ·'+35 a A 2.213 

20612 a A 20374 

2o4o6 a AB 2.000 

2.558 ·, a A 2.084 

SECONDA.'tY HEAD 

m.s. 

1 .276 

0.307 

20237 be AB 

1.878 c B 

- 2;~50 ab A 

2.610 ab A 

.. 2.413 ab AB 

20686 a A 
:i:--
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ANALYSES OF VARIANCE OF MEAN PJTE~1TIAL SF'.::'D r~ur-rn:·:H. P_ER PLA !~T ' MEAN SEED r:u:-::?::P ?:::R PI.P.::1-L M!D 
MM:: ?! ~RC~·-: ::. . .:.. c:::·. ~)i~C::n ~>:.r 

SOURCE 

BETWEEN GROUFS 

WITHIN GROUPS 

TOTAL 

GROUP --
Tl 
i12 

T3 
T4 
T5 
c 

MEAN SQUAR.;:5 

df POTENTIAL SEED iJU[ffiER PER PI.A iJT SEED NUMBER PER PLA::1 

5 
54 
59 

0. 696 
0.061 

1. 188 

0. 194 

MEANS Af TD S'ft,TISTICAL WYI'ATJO!! FOR MEAN SEPARft.TIC'·:: ----··- - · -·--·· -·------- -···- ------- ---·-----·------ --- -

4. 512 c c 3. 436 b BC 

4. 842 b B 3. 230 b c 
5. 074 a AB 4.099 a A 

5.023 ab AB 3. 985 a A 

5. 161 a A 3. 833 a AB 

5. 238 a A 3. 951 a AB 

PERCEi !TAGE SE~D S:ST 
PER Pl.AMT 

o. 576 
0. 174 

3. 541 a N.S. 

2. 993 b 

3. 631 a 

3. 567 a 

3. 276 ab 

3.319 ab 

:i> 
VJ 
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ANALYSES OF VARIANCE OF MEAN SEED NUMBER PER HEAD FOR GROUPED DATA , Tl T2 T5 C VRS TJ T4 

SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP 

Tl , T2 , TJ , T5 , C 

T3 , T4 

MEAN SQUARES 
df MEAN SEED NUMBER PER HEAD SEED NUMBER PER PRIMA.RY HEAD 

1 

58 

59 

1. 846 

0. 189 

6. 124 

0. 882 

MEANS AND STATISTICAL NOTATION FOR MEAN SEPARATION 

2. 256 b B 1. 754 b N.S. 

2. 628 a A 2. 431 a 

SEED NUMBER PER SECONDARY 
HEAD 

1.635 

0 . 242 

2. 276 a N.S. 

2. 626 b 

ANALYSES OF VARIANCE OF MEAN PERCENTAGE SEED SET FOR GOUPED DATA , Tl T2 T5 C VRS T3 T4 

MEAN SQUARES 

SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP 

Tl ,T2 , T5 , C 

T3 , T4 

df PERCENTAGE SEED SET PER HEAD PERCENTAGE SEED SET 
PRIMARY HEAD 

1 

58 

59 

1. 337 
0. 188 

7. 839 

1. 256 

MEANS AND STATISTICAL NOTATION FOR MEAN SEPARATION 

3. 282 b B 2. 566 b N.S. 

3. 599 a A 3. 333 a 

PERCENTAGE SEED SET PER 
SECONDARY HEAD 

1. 463 

0. 218 

3. 312 b N.S. 

3. 643 a 

;t> 
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ANALYSES OF VARIANCE OF MEAN SEE.') NUMBER PE:?. PEAD FOR GROUPED DATA, Tl, T2 T5 C VRS T3 T4 

SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP --
Tl, T2 7 T3, T5, C 

T3 7 T4 

. . MEAN SQUARES 

df MEAN SEED NUMBER PER HEAD SEED NUMBER PER PRIMARY HEAD SEED NUMBER PER SECONDARY 
HEAD 

1 1.846 6.124 1.635 

58 0.189 0.882 0.242 

59 

MEANS AND STATISTICAL NOTATION FOR MEAN SEPARATION 

2.256 b B 1.754 b N.S. 

2.628 a A 2.431 a 

2.276 a N.S. 

2.626 b 

ANALYSES OF VARIAJlCE OF MEAN PERCENTAGE SEED SET FOR GROUPED DATA, Tl T2 T5 C VRS T3 T4 

MEAN SQUARES 

SOURCE. 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP --
Tl, T2, T5, C 

T3, T4 

df PERCENTAGE SEED SET PER HEAD PERCENTAGE SEED SET 
PRIMARY HEAD 

1 

58 

59 

1.337 

0.188 

7.839 

1.256 

MEAKS AND STATISTICAL NOTATION FOR MEAN SEPARATION 

3.282 b B 2.566 b N.S. 

3.599 a A 3.333 a 

PERCENTAGE SEED SET PER 
SECONDARY hEAD 

1.463 

0.218 

3.312 b N.S. 

3.643 a 

;i::.. 
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SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP 

Tl 

T2 

T3 

T4 
T5 
c 

ANALYSES OF VARIANCE OF MEAN 1000 SEED WEIGHT AT FINAL HARVEST (HARVEST 5) 
MEAN SQUARES 

df 

5 

54 
59 

4. 029 

3. 935 
3. 776 
3. 831 

3. 991 
4.037 

TOTAL 

0.117 
0.035 

FOR ?RI MARY HEAD SEED 

2. 382 
1. 327 

FOR SECONDARY HEAD SEED 

0. 146 
0.043 

MEANS AND STATISTICAL NOTJ,TIGN FOR MEAN SEPARATION ------· 
a N.S. 2. 914 n .. s . 4.015 a A 

abc 3. 811 3. 871 abc AB 

c 4.057 3. 696 c B 

ba l~.047 3.794 be AB 

ab 3. 81.5 3. 936 =tb AB 

a 4. 332 3. 982 a A 

:i> 
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SOURCE df 

BETWEEN GROUPS 4 
WITHIN GROUPS 20 

TOTAL 24 

GROUP -
Tl 

T2 

T3 

T4 

T5 

c 

ANALYSES OF VA5tIAMCE OF MEAN 1000 SMD WEI GHT AT 95 % FLOWER.FADE (HARVEST 4) 

MEAN SQUARES 

TOTAL 

0.158 
0.081 

FOR PRIMARY HEAD SEED 

0. 624 

0. 597 

FOR SECCNDARY HEAD SEED 

0. 189 

0. 110 

MEANS AND STAT1STICAL NOT ATION FOR MEAN SEPARATION 
2. 872 n . s . 3. 647 n . s . 2. 661 n . s . 

3. 231 2. 853 3.031 

3. 243 3. 693 3. 104 

3. 124 3. 611 2. 974 

3. 124 3. 611 2. 974 

2. 902 3. 608 2. 727 

:i:-­
VJ 
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.ANALYSES OF VA.:.TI.ANCE OF tZAN 1000 SE.:D '<'iEIGh"T FO:t SE::D F:EtO:,! P2-TALYS:2:S OF lillLL & K::.K3L F'RO?O~IOifS . 

ME.AN SQUA.'tES 

SOURC3 df rnr:.'.A..-qy HSAD 1000 SESD 1.'i'EIGriT SECOllDA..t{Y H3.AD 1000 SED 'HEIGHT 

BEI'WE.SN G~OUPS 5 Oo228 Oo139 

\'TITHIN GROUPS 54 Oo030 o .. o.34 

T<J.rAL 59 

GRO-:.JP ME.ANS A'.':D S'l'P.T I STICAL NCfI' .il..TION F en :.3Al'T S:2.;?A.!L\TION 

T1 40267 a AB 4014-3 ab A 

T2 4o101 b BC 4.ofl+ ab !ill . 
T3 4.047 b c 3.87 3 c B 

T4 40014 b c 4.015 be AB 

T5 40283 a Jill 4.076 ab .A3 

c 40391 a A 40219 a A 

> 
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Ai.'fALYSES OF v ARI AnCE OF 1.!EA.N 1 000 SE :n KERI TEL ·:mIGrIT AlID ~ZAN 1 ()()'.) SEED HULL WEIGHT 

MEAN SQUA'1ES 

SOURCE df FRI W'l. .. f:lY HEAD S~D SEC01.ID.A..-qI HEAD SEED FRI MA.."tY HEAD SE'.::D St:C OHDARY HEAD S33D 
Kr.."'R; IB L i'lEI G n"T KSRHEL '.','EIGHT HULL \'/EIGHT HU.:..L 'UEIGn"T 

BEI'WEEN G~OU PS 5 Oo 140 0.032 0.369 0.320 

WITHIN GROUPS 54 0.030 0.061 0.01+1 Oo050 

T0rAL 59 

GROUP l1SA:~S A-TJ ST.ttT I S'i.'IC!'J- NOTP.J'IQl; FO~ ~.3 . .\.'l\T ~?ARATION 

T1 3.357 ab 30074 n. s . 3.749 b .AB 3.7Ci+ ab AB 

T2 3. 227 be 3 .O'+O 3 .561 ed BC 3.613 be AB 

T3 3.234 be 3.025 3.4:60 d G 3.325 d c 

T4 3.166 c 30159 3 .lt-47 d c 3.457 cd BC 

T5 3ol~91 a 30137 3.676 be BC 3.626 be AB 

c 3.351 ab 3.037 30949 a A 3.829 a A ,, 

• 
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SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP --· 
Tl 

']''l 
-"" 
T3 

T4 

T5 

c 

ANALYSES OF VARIANCE OF MEAN PERCENTAGE KERNEL 

df 

5 
54 

59 

PRIMARY HEAD SEED 

0 . 079 

0 . 009 

SECONDARY HEAD SEED 

0 .162 

0 . 031 

MEANS AND STATISTICAL NOTATION FOR MEAN SEPARATION - ---------
3 . 694 e B 3 . 537 cd BC 

3 . 726 be AB 3 . 582 be ABC 

3 . 793 ab AB 3 . 739 ab AB 

3 . 758 abe AB 3 . 750 a AB 

3 . 813 a A 3 . 666 abe A 

3 . 566 d c 3 . 421 d c 

t _., 



· ANALYSES OF V A.'ttI.ANCE OF L'.ZAlJ 1 000 SK~D ',\"SIGffi' , .A?m . I.:EAN 1 (X)() S§D HULL WEIGHT FROLf ffiE:A..~Y 
HE/J) SEED M 95% FLO"/f~"flFADS (H4 ) 

SOURCE df 

BEI'VIEEN GROUPS 4 

WITHIN GROUPS 95 

TOTAL 

GROUPS 

T1 

T2 

T3 

T4 

c 

99 

!BAN SQU.A...~S 

1 ooo ss.~~n 1;·,r~1GET 

Oo212 

0.129 

1 000 SE:D HULL YiEIGill 

0.215 

Oo064 

t-BA .. 1\TS AnD S'i'JD:'ISTICAL NO'l'ATIO:·: FO!t rSAN SE?A..1.ATION 

30637 IloSo 

3.'+93 

~.424 

30662 

30618 

3.516 a N.s. 

3.259 b 

3.364 ab 

3.1+28 a 

3..492 a 

:i> 

t 



SOURCE 

BETWEEN GROUPS 

WITHIN GROUPS 

TOTAL 

GROUP --
Tl 

T2 

T3 

T4 

T5 

c 

df 

% 
54 

r:..9 

ANALYSES OF VARIANCE OF MEAN HARVEST INDEX PER PLAN'I' 

MEAN SQUARES 

0 . 284 

0 . 065 

HF.ANS AND STATISTICAL NOTATIOTJ FOR MEAN SEPARATION 

3 . 380 a A 

2 . 388 b B 

3 . 258 a A 

3 . 294 a A 

3 . 217 a A 

3 . 222 a A 

:i> 
e; 
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