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CULBARY

in tzi. study on salilower production, the experimental |
data showec thut the square planting treatazent produged the
alohiest soed Jicld per unit area. 8 row width increased,

a gte Jy . _c.. . in seed yleld per unit arec recultede
owever, ., incdoouing the esowing rote cight fold, the seed
vield wic ..oie thun doubled (2699 to 6200 kKg/Be)e

Tie ol ndllicuntly high seed yield per unit area
ovtained .Lrow Lhe s uere plenting trestment and the highest
sowing retle troctnent wes largely dus to the total number
of secd Leocs produced, Thic was confirmed by the high
and positive correlstion vetween seed yield ond the number
of planis ww nuuber of seed heads por unit area. However,
Gin 4 pex plent Lrsls, seed yield uppeured to depend on the
nunter o1 leiue oer plent, nesd | clpht, nundber of seeds per
nead onc seed welight,

"roi dota obteined in this ctudy, both row spaeing
and sowing rote affected the srowth end development of
safflowers .U Lhe same sowing rate, it eppeared that nurrow
row sprcing and square planting reculted in bigger plants
with & _recsier number of leaves and bLranches and aleo
earlier [lowcringe ide row spacing (72 em) showed only
one positlve Lrend in plant character, viz. an increase in
helght.

“he wulin effect of ineressing the sowing rate was the
reduction in plont size, 1ts associcted features (i.e.
fewer branches and leaves), and the delay in flowering.

Growth analysis revecled that R0, KAR and LAR showed
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& rapid initial increase during the first 7 weeks before
starting to cecline with time, This trend in safflower
growth eawrves noy be attributed to its pecullar growth
pettern which inecludes the rosette stoge, after emergence.
In this study, the seecdlinge renained in this rosette stage
for epproxiuately 5 to 6 weeks with little evidence of growth
activitye The (GR of sefTlower wos 1n fact found to be
similer to that of spybean but reatly accelerated after the
rosetic stujc. lfiarvest index (HI) velues were high end
corresporniec Lo the high seed yield obtained in this study.

ividenes from growth components l.ee ROR, NAR, LAIX
and LAR ghowed little support in their relationship with the
high seed yield ss fer as row spacing treetmentc were
concernsd. lovever, in sowing rete treatwmsnts, the relation-
ship between 1..I and high eeed yield wss evident but other
growth corponents showed no such relationship.

lweither plant speeing nor sowing rete hed any
significant eficct on seed moisture and seed viability.
veed oil content, which ranged from 26 - 284, was also not
significently affected by the difierent trestmsnts.

¥From the evidence of thie study, it appeared that
plent competition had been the mejor factor affecting
safTlover growth end developments It is coneluded therefore,
that this agronounlc aspect of salflower needs further
rescarch undor controlled environment conditions.
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ZSTRMUCTION

Major interest in the potential of o0il seed crop
in New leclrnd azriculture has been shown ovay the past few
years., Throah extensive research, soybean has been
successfully estaulished as & erop in locel egriculture,

This ig evident by the substantiel increase in soybean aereoase
(2000 « 3000} in the Gisborne area this year. In the South
Island, oil seed crop such as sunflower has also been grown
successfulliy.

The main interest in oilseed crop production is
thc oil and ite composition, Vegetable oils which contain
high level of polyunseturated fatiy ncids are highly sought
after becouse of their low cholesterol praaty. in the past,
this type of 0il has been used mainiy for making iow cholesterol
contont mergarine and cooking. lHowever, the recent interest
in eagy-cpreod butter and the discovery by research scientisto
of the C.S.I.,R.0« in Australia that feeding stock with
vegetaeble olls containing poly-unsaturated fatty acids reduces
cholesterol levels in both meat end milk have increased
interest in ollisced crop in this country.

Safflower is one of the oilseed crops known to
produce ©¢il contalning very high polyunsaturated fatty acids
(73-80%), liowever, lack of sgronomic informetion in New Zeolend
may well hasper the possible large seale production of this
erops Thus, the present sfudy is an attempt to gether come
informetion regariing the growth of saffliower under local
conditions, Planting pettern end sowing rete are two of
the major considerations in its successful development and
an early understanding of these agronomie factors is regarded
as importent for the rapid expension of a potential oilseed
erop industry in New Zealend,
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Cafflower (Cepthemus tinctorius 1), one of the
world's oldest crop, is thought to have originated either
from Carthasmg lonatus L (saffron thistle) or Carthamus
oxyscantha Bied (wild sefflower) (Knowles 1958), in two
primery centres of origin viz. the mountainous regions of
Abyssinie and /fghanistan (Knowles 1955 end 1958; Velss
1971)e For centuries its culture wes confined to regions
of India and other areas of Asia, ifrica and Eurocpe, where
the flovers were used a source of dye for clothing and
food (Cobley 19573 EKEnowles 1955 and 1958; Knowles and
uiller 1965; veiss 1971)s In recent times safflower has
been introduced to the United Ctates and South America
(Beech 1969; inocwles 1955), South Africa and Australia
(Anon. 19633 ‘lorowits and Kleinig 1958; Knowles 1955
and Welss 1971).
1.12 BORAY

Severel investigators have recorded the botanical
charecteristics of safflower (Anon. 1961; Beech 1969;
Clessen 1949 and 19503 Cobley 1957; Enowles 1955 end 1958;
Enow les and liller 1965; MeGregor end Hay 1952; and Weiss
1971)s Texonomicelly safflower belongs to the compositae
subfemily Cynsrese. The plant is a much brenched, herbaceous,
thistle~like amvmal varying in height froam 30 - 150 em.
It haes & decp tap root with numerous thin laterals and a
strong stem w hich is stiff, solid, circular in section,
thick at the base and tapering with height. All branches




are teraminated by individusl flowering head consisting of

20 - 150 tubular hermaphrodite florets and the extent of
brenching vories with environment, vaeriety and pleant spaecing.
The leaves ore sisple, usually dark green and short spines
may or moy not be pressnt depending on the variety. The
flower heads or cspitulum are protected by several series

of involucral bracts. The inner involucrel bracts are
imbricated in several lsyers sround the !ead and completely
enclose the uncpened florets.

flowering begins in the head that terminstes the
mein axis (primary heed) of the plent and proceeds basi~
petally with the upper branches flowering firet and the
lower branches last. The flowers of an individual head
open over & period of 3 to 6 dayse Those at the margin
of the head open first and flowering proceeds centripetally.
Flower colour varies with varieties froz red through orange
and yellow to white. Each floret mey produce one seed,
an achene, with a2 white mll (pericarp) and the psppus
normally sbesent. Few varieties have grayish, brown or
striped seed. The seed is oleaginous and exalbuminous.

1«13 YARIETIES

Safflower varieties differ in flower colour,
degree of spininess, diameter of seed heads, o0il content,
resistence to disesse, and ease of harvest.

Fost widely grown verieties were known as N-10
and Paeific 1 snd other commereially important varicties
are US=10 and GIL.: (inome 19613 Enowles end ¥iller 1965).
Recent work on safflower selection and hybridization has
produce varicties with higher oil content (Ashri and Knowles



19603 Kbert snd Enowles 1966 and 19683 Urie and Zimmer
19702 and 1970b)s These new varieties include the thin-hmll
and strip-seed character (Fbert and Knowles 1966 and 1968;
Knowles and Uiller 1965) snd the reduced ~-hull seed character
(Crie and Zimmer 1970b).

The new variety is referred to as striped becsuse
the ull of the seed hes altermating white and brown stripes.
The other type is termed thin-hull because it hss paper thin
balls, grayish or brownish in colour (EKnowles and Niller 1965).
The thin-hmll type cennot be ueed directly in commercial
production because of the plelotrophic manifestations of the
ih gene giving weak stems and structures and male sterility
(Evert and Lnowles 1966).

The letest release is the reduced-hull charscter
resulting from = reduction of outer sclerenchyms layers of
pericarp. -tudies have shown that reduced-hull lines
significantly outyield US-10, & stenderd check variety (Urie
and Zimmer 1970a). Hull reduction is of precticel import-
ence in view of the negative correlation between oil content
and hull percentage (Beech 19693 Classen et al 1950;
Pawlowski 1961; Yersmanos and Mencols 1963; Yermanos et al
1967)e fccording to EKnowles smd ¥iller (1965), with less
hull, the whole seed oil content is above LOL snéd the protein
content increases from 12 - 155 up to es high as 21%.

inother variety of safflower has been discovered
which gives o corpletely different type of oil from the
normal type of safflower. This veriety, UC-1, has a high
percentege of oleic and low linoleic acid, the reverse of
the normel type (Xnowles 1965)s The original line was found



in iustrelia (Horowitz snd Winter 1957)es The change in the
proportion of oleic and linoleic acid makes the oil from
this veriety chenically similar to olive oil. The variety
UC=1 has an cverage oil content of 365 and iodine value of
50

The vordability in the composition of the oil
is the most interesting aspeet for future b(oodlng worke.
Enowles and Hill (1964) in their investigation found thsat
selections from an introduction from the Azerbdaljan area
of Iran have an oll with an iodine value ranging from 109
to 123, depending on environment. Apparently one allele
is responsible for the fatty aecid composition, This
compares with the 'normal' iodine value of around 140. The
oil composeition also varies in having a linoleic acid content
averaging L6 and oleic scid content of some 43k.

1«14 Climste
The cultivated sefflower shows a fairly wide

edaptability within certaein geographicael limits (weiss 1971),
but does not fovour extremes either of heat or cold (Beech
1960 and 19G9; UBeech and Normen 19633 FPhillis 1961 and
Enowles 1950). large scale safflower production is ususlly
confined to srcas below 900 metres becsuse the low temperatures
in the higher altitudes limits growth and restricts seed
yield. Weiss (1971) reported that in the United Stotes and
Ruseia, safflower is grown commercially between 30° amd 45%N
end in justralias between 15° and 355, ucwally under irri-
gation, or with supplementary water available should the
reinfall be insufficient.

1o 141 Zemporature
Frost-resistance denends mainlv om wvariate and



the stage of development of the sefflower plant (Beech 1969;
Classen and ‘offumsn 19503 Knowles 1955 and 1958; Knowles
and killer 1905; and Weiss 1971)e In the United States,
et seedlin: stcze, most safflower varieties will tolerate
temperastures down to =7°C (Classen and Hoffmen 1950). At
elongation stoge, safflower plants appear to be more susceptible
to froet injury. Klarges (1954) observed that young plants
had nvmlmamotnutdmatat;ewatmor
~2.2°C.  In Caneda, safflower wes reported to be uninjured
by frost which damaged maise (leGregor and Hay 1952). At
flowering and seed-maturation stage, the crop must be frost-
free because frost can reduce the quality and yicld of seed
(Classen and Hofrman 19503 Harbison 1968; Klarges 1954).

Seed germination takes place when soll temperaturec
are above 40°F (Classen and Hoffmen 1950; Dennis and
Rubis 19663 Knowles 1955; &nd Weiss 1571), and the rate of
gerninstion increases as tempersatures increase up to 60°%r
(Clessen snd Hoffman 1950; Klarges 1954; EKnowles 1955; and
Vieiss 1971). .urm temperature during esrly growth reduces
the period spent in the rosette stage, and the transition ean
be rapid when there 1s no cool period after emergence.
a detrimental effect on safflower. According to Phillis (1961),
high temperatures tend to reduce the success of floret fertile
igation and tius subsequently reduces the seed yleld. Other
investigators (Enowles 1955; Knowles and ¥iller 1960 and
1965) have indicated that safflower tends to give higher
yields when daytime temperatures at flowering and seed
development are moderate;, in the range of 24 - 32°C.



However, Covin (1965) found that high teaperatures up to
26.5%°C during seed development d1d not affect seed oil content
or the fatty ecid corposition of the oil.
1142 Ruinfall

£lthough safflower is considered to be drought-
resistent (Dcech 19693 Clessen and Hoffmen 19503 Knowles
1955 and 19583 Palti end HAizeni 1953; s&and telss 1571),
adequate so0il moisture is essential to see the crop through
to meturity (Inowles 1955; FEnowles end iiller 1960 and 1965;
and Weiss 1971). With adequate preplanting soil moisture and
the abgence of hot dry winds, 300 mm of rain prior to flowering
will produce good yields (veise 1971). Safflower becomes more
susceptible to hall damage during the stem-elongation stage
(Beach 1969; ‘ifnowles 1955; aond tieiss 1971), and heavy rain
during flovering cen seriocusly affect pollination (EReech
1969 ang Inowlez 1955)e. Rain after flowering may discolour
the seed and ecvergely effect its development and oil content.
Al80 prolonged rain and warm tempersture after the crop is
mature csuses the sced to germinate in the head (Knowles 1955
and Wedss 1971)e

A%t all steges of growth, excessive rainfall or
hurtdity favours fungal diseases such as leaf spot, rust,
root rot and head rot (Davis 1965; Dennis and Rubis 1966
Hapbison 1968; Inowles 1955 and 1958; Knowles and ¥iller
1965)e

Prolonged rain or waterlogging due to poor drainage
is detrimental to safflower. Damsge to the erop is accentuated
with high tempersture (Enowles 1955; and Weiss 1971).
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The maturc plant is extremely wind resisteant, and
even after seeds are mature there are few losses from lodging
or shattering (Weiss 1971). Knowles end ¥iller (1965) reported
thet in California, winds of 24 km per hour csused no damage
to the crop. However, etiolated plante due to very close
spacing may be damaged by wind (keiss 1971).

1.2  Qenerel Orowth Pattern

The growth pettern of safflower has been recorded
by & number of workers. Of these, studies by Stern and
Beech (1965) in /sustralia, and Knowles and uiller (1965) im
UsSehey give a good account of the general growth and develop-
ment of safflower. Germination and development of safflower
is very slow &t ainimunm temperatures. luring cold weather,
time teken for secdlilngs to emerge may be up to three weeks,
Seedlings emerge ro idly (3-4 days after planting) when soil
temperature rises. /{ter emergence, the seedlings remsin
close to the ground (rosestte stage) and produce numerous
leaves. The plants stay at the rosette stage for sbout 5-6
weeks before the stenm begins to elongate. Rapid elongation
occurs between LB -« 55 days after plenting, and after 76
days branching anxl flowering begin. GSeed formstion takes
place between 104 and 11 days from sowing and the seed matures
in about 25 days after flowering. Within o head, the flower-
ing snd meturing of individuasl florets and seod nmey range up
to 7 dayse On the average, 2 field is ready for harvesting
sbout 35 to 40 days after flowering.

Various factors such as tesperature, availsbility
of soil moisture, variety, weeds and disesse infestations

can modify the general growth psttern of this crop. (Beech



1960, Beech and Norman 1966, Knowles 1955 and Knowles and
iller 1965 end ieise 1971).
1.3  Orowth inelysis
In thls section, the procedure of growth analysis
is reveiwed. Various investigstors have been involved in
growth analysis of a nuaber of crops but to dete complete
growth snalysis of safflower is not availcsble.
Before proceeding, growth analysis psrameters
end components erc celined,
W = mean total asccumulsted dry weights.
A = mean total leafl area per plant.
RHO = the nusber of plants per unit areas.
Relative growth rete (RGR) - dry weight accumulated per unit
of plant dry weight per unit of time.
fiet sssimilation rote (NAR) - dry welght acoumulated per unit
of leaf area per unit of time.
leaf ares ratio (ii2) - leafl area per unit of plant dry
welght.
lesf area index (1.1) = leaf srea per unit of land sres.
Leaf area duration (LiD) - leaf area intergrated over time.
Crop growth rete (COR) - dry weight accumulated per unit of
land area per unit of time.
Hervest index (HI) - economic yileld divided Ly total plant
dry weight x 100,
Grouth anelysis have been reviewed by Eagles 1571;
Redford 1967; wulloce et al 1972 and Watson 1952. With
growth enalysis, scan totsl accumulated plent weights (v),
mean leaf erees (), and zeen dry weight of the different

CIBRARY
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plant organs including weights of economically isportant
organ (economic yield) are obtained at the beginning and

end of a time poriod of plent growthe These parameters are
used to calculate the various components cf growth analysis
such as ROR, NiR, LAR, LAI, LAD, CGR and HI und other
measures of capacity and efficiency of growth and yield.

The LAR indicates the relative a2 mount of A supporting & unit
of W 1.e. the photogynthetiec capacity per unit of respiring
and growing tissue. The function of LAR is further indicsted
in thet LAR and 1.2 sre physiological components of RGR.

(RGR = HAR x LiR)e.

Buttery (1969) illustrated the effects of planting
density and fertilizer trestments on various growth compon=-
ents of soy bean. T2 decreased with increasing planting
density and declined in all treatments throughout the growing
seasone RGR declined linearly with time and the lower
values of RGR were clearly associated with higher densitics.
The spplication of fertilizer however tended to ulow the
decline in RORs LAR declined with declining density in the
early stages but toword the end of the growing season the
situation was reversed. There was in incresse in COR for
the firet 60 - 70 days but it declined guite sharply after
that period., Higher densities generally resulted in higher
value of CGR. Under conditions of low illumination (i.e.
high population density) high LAR value would be expected '
(Buttery 1969)e Gtern and Beech (1965) reported that the
LAI of safflower rose repidly to a pesk of L.5 st 62 days
from plenting and declined to almost nil by the final harvest.
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During the pesk growth, there were approximstely 100 leaves
per plsnt. They also found that the low HI values were
possibly due to the direct effect of high temperature during
flowering anx ripening.

In this section, the verious factors affecting
the crop establishomont, vegetative and reproductive growth
and @evelopment of saliflower will be reviewed. (Oreater
esphasis is placed on the following factors, il.¢. populstion
édensity, seeding rate, plant specing and planting pattern
since they are most mievant to the subjeet of this thesis.

A brief acecount of the other factore is also included.
1.41 Eactors .focting Orowth snd Development

Sarfflover can be supessfully grown on & wide range
of soil types (inowles 1955; velss 1971), but does very well
on fertile, fairly decp and well drained soll of neutral reactio.
(Classen end Hoffmam 1950; Kspusta et al 1962; Xnowles
19553 Peterson 1965; Ohaw end Joppe 1963; and Weiss
1971). For good crop establishsent, the seed bed should be
well prepared with firm subsoil, a surfaece tilth free froa
large clods and moist ait 1 in. below the soil surface (Anon
1961; and Welss 1971).

About 300 mm of rain is essentisl for a good crop
(knowles 1955; and Wedss 1971)e In irrigated crops,
depending on veriety end location, safflower requires sbout
2 = 3.5 feet of water. (Beeech 1960; Enowles 19553 Knowles
and Niller 1965; Lucbe et el 1565; Stern 19653 and Weiss
1971%.

Safflover responds to fertiliser application, N
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in particuler, where adeqguate soll moisture is available.
(Beech and Normem 19683 Jones and Tucker 1968; Knowles

and ¥iller 1960 and 1965). The crop requirements depend on
the seoll fertility, the previous cropping history and the
aveileble moisture (/non. 1963; Beech 1960; Demnis and Rubis
19663 end velss 1971).

The growth habit of safflower makes it extremely
susceptidble to weed competition in the early growth stages.
(Enowles and iiller 1960 end 1965; Vwelss 1571). Heawy
infestations later in the growing season tend to interfere
with mechanical harvesting (Enowles and liller 1960 and 1965;
and Weiss 1971)s ©EBoth these factors tend to reduce safflower
yields thus weed control is essential. Under dry land
conditions weed control is echieved by harrowing, (Classen
end Hoffmen 1950; Ilages 19543 Know}les 1955; Shaw and
Joppe 1963; Tongren 19643 and Weiss 1971), and inter-row
cultivation is procticed when the erop is grown in beds or
under irrigation (. non. 1961; Classen and Hoffman 19503
Enowles 19553 eand Tongren 1964). Recently, selective
herbicides heve become sveilable for use in safflower (Knowles
end Miller 1960 ond 1965; Tongren 1964; Ven Rijn 1962 end
Weiss 1971). Investigators heve shown that pre-emergence
herbicides such as EPTC, trifluvelin and diuron are superior
to those of post-emergence which sppeer to depress seed yleld
and injure safflower (Xnowles 1955; Tongren 19643 Van Rijn
1962; and Welss 1971).

Extensive literature on diseases of safflower
have been published by Klissiewiez (1962, 1963, 1965, 1966,



1967 and 1970), Thoman (1952, 1956, 1960 and 1963), Zimmer
(1961, 1962, 1963, 1965, 1967 end 1968) and Zimmer and Urie
(1967, 1967a, 1969, 1959a and 1970)s The most common
diseases are rust, root rot, leaf spot, bud rot and verti-
eillium wilt (inon. 19613 Ashri 1961; Dennis end Rubis
1966; Xnowles and Miller 1960 and 1965; Thomes 1952; and
Thomas et al 1963). The severity of these diseases depends
on climetic conditions, cultursl practices and variety (Anone
19613 Dennie and Rubis 19663 Knowles 1955 end vweliss 1971)
Recently, virus discases associsted with safflower have also
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been discovered. (Vlissiewlez 1966 and Xlissiewicz and Thomes

1970).

Although safflower can be attacked by meny insect
pests, only a few are of economic importance. (Enoviles
1955 and velss 1971)e The mejor pests are safflower fly
(4centhiophilug helianthi), cluster eaterpillar (Spodopters
iitups), thrips and larvee of Heliothis spp. (Anom. 1961;
Beech 1964; Carlson 1984 and 19663 Inowles 1955 and 1958;
Enowles and Miller 1960 end 1965; end Veiss 1971)s During
the early seedling stage, wireworms, aphids and thrips are
the main ones to watch (Anom. 19613 Knowles 19553 end
Enowles and Miller 4965).

Safflower is also susceptible to & nusber of root
knot nematodes particulerly at high soil temperature (lear
et al 1965 end welse 1971).

1.411 Seeding Rates

Plant population is one of the important factors
in determining crop yiolds. With sunflower, plant spacing
significantly affected seed yield, weight of seed per head,
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seed size and head ond stem dismeters (kassey 1971). With
other oil sced crope such &8s soy bean, by increasing planting
density, the plant wei:hts, the weights and musbers of most
plent parts were .cpressed (Buttery 1969 and 19703 Hanson
and linson 1961 and 1962; lehman & nd Lasbert 196C; Shibles
and ueber 1965). The effects of high density were more
obvious with lster samples, indiceting that competitive stress
increased with the growth of plants (Buttery 1969).

Wethods of achieving the optimun plant population
for safflower production have been studied by Beech (1960
and 1963); beech and lorman (1965 and 1966) in Australia
end in U.S.hey Hoag et al (1968); FPeterson (1965); velss
(1971) and williams (1962). Geeding rate of salllower
dependa on several {actors, namely method of productiomn i.e.
non-irrigated or irrigated; time of plunting; row width
and method of sowing and variety (Beech 1969; Classen and
Hoffmen 19503 knowles 1955; Knowles and Miller 1965;
Neoregor and Hay 1952; ond vwedss 1971)e The major factor
in determining plant populations under non-irrigated con=—
ditions is availoble woisture. In the Ul.A. for the same
rov spueing, the irrigsted crop is gemerally sowm with 25%
sore seed than the non-irrigsted crope In Queensland for
non-irrigated crop, the sowing rates vary from 10 to 55 1b
per acre and the row spacing from 7 to 21 inches. (Anom.
1963; end Herbison 1963). With similer growing conditions
in U.S.A. seeding rates of 20 - 40 1b per acre are commonly
used in close~drilled crops and 15 - 20 1b per acre for wide-
spaced crops. In other countries such aa Indias, Hungary



and Isracl, the sowing rates range from 40 - 80 1b per acre
for close drilled crops (7 = 10 inches spaced rows) end 20 -
25 1b per acre for wide-spsced crop (Anon. 1961; Beceh 1960;
Classen and Hoffwman 19503 Knowles and liller 19560; and
Shaw and Joppa 1963,. The higher seeding rates provide good
weed control, bul lower rutes nay be necessary where there is
a lack of molsture (. liassen and Hoffman 1950 and Knowles 1955).
At rigberly in sustralies, maximn seed yield was
obtained at a density of 247,000 plants per scre. Assuming
that there is 100, exergence and besed on 10,000 seeds per
pound, 2 seeding rote of spproximstely 25 1b per zcre would
achieve this plont population. However, & population density
of less than 120,000 plants en acre gave reduced yields at
3 foot row spacing (. tern and Beech 1965)s Later, Feech amd
Norman (1966) reported that a drilled crop of 553,000 plants
per acre ylelded less than the optimum rov-crop éensity of
114,000 plants to an acree They concluded that under
Kigberly conditions, the optimum population density for
safflower is approximotely i smdllion plants and § million
plante per acre for drilled crop and row crop respectively.
1412

trial with populations of 25, 50, 100, 520 and 9120 plants

per sguave meter and showed that the first three levels of
populetion were not significantly different in the nusber

of plents at harvest. At the 520 and 1120 levels, numbers
fell by over LOE in the first six wecks after cmergence. The
populstion gained equilibrium at sbout 100 days after emergence.



16

The main effect of increassing plant density was to reduce
plant size. Plunts too close together tended to have
thinmer tems or & more superficial root system, becoming
susceptible to wind and storm demage (Weiss 1971).

The dry weight of tope per plant fell steadily
with ineressing dencity (Peech and Norman 1965 and 1966).
Wwilllems (1962) found that plants in wider plant specings
produced many nore zecondary end tertiary branches. In the
1-inch plant spacing, there were only & few secondary heads
and freguently no tertisry flowers. In & row spacing study,
Hoeg et al (1968) observed that narrow row spacing (15 om)
resulted in advenced plant development compared to those in
53 - or 91 - em gpaced rows. However, plants in 91 -em
spaced rowsg were taller than plents in 15 or 53 em spaced
rows at the dbud stoge. 4t maturity, there was very little
difference in pleont height from eall three row spacing trest-
mentse.

Plant density has & major effect on the size
and mumber of leaves per plant. Beech and Stern (1965)
illustrated the effect of five population densities (25, 50,
100, 520 and 1120 plants per square zeter) on the number of
leaves per pleant. At the esrly stage, the effect of density
on leaf numbersg was already apparent, the highest plant
population having half the leaves per plant of the lowest.
The nusber of leaves rose gquickly between five and ten weeks
after sowing, reaching & meximum at thirteen weeks and then
falling sharply. The degree and number of branches was
directly related to the total number of leaves. Fleants with
the lowest total leaf nusber were those from the highest
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populstion, which also had the least branching.

Plants in narrow rows appear to bloom signif-
icantly earlier than those in wider speced rows (Hoag et al
1968). Beech and Normsn (1966) observed that with increasing
plant density the span of time over which flowers bloomed
decreased. Willicms (1962) however, indicated that increasing
plant spacing did not influence the mean dete of flowering.

With recpect to yleld attributes, Peech and
Norman (1966) found that nusber of heads, nusber of seeds
and seed yield on per unit area basis inereased up to 114,000
plants per acre and then fell sharply. But on per plant basis
these attributes fell steadily with increasing density.

Plants in wide-gpaced rows produced more heads per plant,
more seed per head and heavier seeds than plants in narrow
rowe (Hoag et al 1968). GSimilar results were obtained by
“illisms (1962) in his plant spacing study.

Evidence from verious studies on the effeet of
plant population and specings on oil content appesr to be
inconsistent, The oil content in the seed decreases when
the unit area per plant increased (Hosg et 2l 1968 and Williams
1962). Peterson (1965) stated that increasing the distance
between rows did not influence the oil content of the seed.
However, the oil content of the seed decressed when plant
population was incressed in the 7T-inch row. Put Beech
and Normen (1966) in their trial in Australis, found thet oil
content of the seed showed little change with increasing
density. The relstionship between plant specing and oil
guality is not clear but Hoag et al (1968) concluded that
iodine valus of o0il increased as the unit area decreased.



15 Seedl
Safflower is grown primarily for olil which is

obtained from the seede Thus the seed yleld 1s an important
agpect of safflower production
1.51 Xield

Under irrigetion, saiflower grown in the Grest
Plains of the U.S.i. produces 1750 = 2750 1b seed per acre,
with & meximum yield of 4000 1lb/acre (Classen & Hoffmen
1950; Knowles 1555 and Purdy et al 1955 ). Similer seed
yields are obtained in California, but with a meximum of
L80O 1b/acres In «cstern sustralis, safflower sced yieclds
have been reported to be in the vieinity of 3000 1n/acre
(Beech 1960 and bosch and Norman 1963).

Safflover grown under non=irrigated arecs tends
to yield far less than the irrigated crope The seed yields
renge from 350 to 1500 1lb/scre (Beech 1969). The average
snnuel yields in Queensland renge from 380 to 630 1b/acre,
with 1000 1b in the better sress (Harbinson 1968, Horowits
end Kleinig 1958)e In Indie, similar yields are obtained
(Chevan 1961). In the States, & reasonasble seed yield of
750 = 1200 1b/scre can be expected on fallow land, but when
grown after a ceseal crop, seed yleld is reduced to 350 =
750 1v/acre.

%4th wullicient soil molsture, fectors affecting
seed yleld sre date of sowing, which is largely = reflection
of soil temperature (Beech 1960; Beech snd Normen 1963;
Enowles 19553 ILuebs et &l 1965 and Yersanos et al 1967),
veriety (Beech and Normam 15633 Nelson 19643 Rubis and Blsck
1958), plant populaotion (Beech and Norman 195663 Nelson 19643



Peterson 1965; Ctern =nd Beeech 1965), insect infestation
end disesse (Beech 19643 Cerlson 19643 Thomes 1956),
soil fertility (Beech and Normen 19673 Kepusta et al 1962;
Stern and Beech 1965), scil salinity (Frencois ené Dernstein
1964 and Werkhoven et al 1961), an eclimate (Davis 1965 and
Phillis 1961).
1.52 Compogpition

Commercially grown seeds have an average
composition of oil 36 - 43i, kernel 55 - 5. and hull 33 -
U5ke Experimental varieties may have a coumposition of oil
40 = 50%, kermel 66 = 815 and hull 18 - 300 (Rubis 1963).
The present commercial varieties are far superior in their
percentage oll content compered with the earlier varicties
containing an aversge of 27 = 28% oil (Classen and Hoffmen
1952; leGregor snd oy 1952 end Purdy et el 1955). The
major proportion of the oil comes from the kernel and the
rest from the hll, In the variety Gila for exasple, the
p roportions of the o0ll are 60.0 = 61,75 and 12,6 -~ 13.8%
for kernel and hull respectively (Peech and Norman 1963).

A munbder of workers have given the breakidown of
the components of safflower oil (Enowles 1955 and 1965;
Rubis and Black 1958; Yermanos 1967 and Vieiss 1971). The
major fatty zcid acids sre linoleie end oleiec (Tsbdle 1).
Table 3 Patty eccid composition of safflower oil
Palmitie | Stearie | (leic | Linoleie kis. lone.Sapon.
Geli=Te0 | 2eli=2e8 | 9aT=181 | 76.9-005 | 0e2=0.8 0e9=1.6
! Although protein is not a consideration of this
study, it is interesting to note that protein is one of the
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main cospoments of safflower seed. In coznaeial varieties,
the protein component of the ssed is in the range of 15.4 -
19.47 and 20¢3 = 22,5 . for experimental lines (Cuggolsz 1967).
The oill content of a particular variety of
safflower is influenced by such factors as sowing date (Beech
1960; Beech and liormsm 1963 and 1967; lLueb et al 1965;
Nelson 1964 and Peterson 1865); soil salinity (Werkhoven
et al 1966 and Yermanos et al 1964); plant populstion
(Beech and Norman 19G6; Hoag et al 1968; reterson 1965 and
williams 1962); seed size (51 Sseed 19663 and Hoag et 2l
1968); fertilizer treatment (Hoag et al 1968; and Yermanos
et al 1964); diecase (Classen and Hoffman 1950; and Thomss
1956), end insect damege (Beech 1964; Classen and Hoffman
19503 and Knowles 1955)« Reports on the effect of sowing
date on 0il content is varisble. In some cases, delay in
sowing reduces oil content and in others increases. This
is possibly coused Ly above-optimum temperstures for grain
yields in the former cese (Deech and Norman 1963); end below
optimum tempersturcs in the latter (Knowles 19553 Luebs et
al 1965 and Yermanos et al 1967)e Canvin (1963) working
with temperature renge of 10°C to 26.5°C establlished that
temperature had no effect on oil content and oll composition
in terms of satureted fetty acids but the protein content
increased with increasing tempersture. Thus the isportance
of sowing date is in its relation to soll tempersture and
temperature at flowering. loderste temperatures of 24 - 329
at flowering improves seed yield while higher tespersture above
this level tend to lower seed yield snd decresse oil content
(Enowles and uiller 1965; and Welss 1971).
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Under conditions of high soil salinity, crop
yield become uncconomic due to a combination of lower oil
content and lower cced welght, On per unit aree basis, oil
yield may be reduced as much as 60% depending on variety.
Gila for example, ic more susceptible to saline conditions
than N«10 or Uc10. It is possible to establish the
correlation between rate of reduction of seed oil % and
increasing salinity. For esch millimhos per centimeter
increassce in soil salinity (ECe), the aversge oil percentage
decreases by sbout O.lyi. Although soil salinity does not
affect the chemical composition of oil, it does deprese the
protein cantent (i erkhoven et al 1966 and Yermenos et al
1964 ).

Fertilizer applications appear to give conflicting
resgults in that some trials show &a decresse in oll content
while others show no change (Hoag et a2l 19683 ierkhoven
1968; end werkhoven snd kassentini 1967). /lso the iodine
value of the oil is not affected by fertilizers (Verkhoven
1968).

1.53 Yisbility

In genoral, sceed becomes viable four days after
flovering and reeches maximum visbility in 14 - 16 deys after
flowering (leininger and Urie 1964). At harvest, the
visbility of safflover seed is 95% or higher, and to maintain
this viebility in storage, the seed moisture content should
be between 5 to 8i (Jomes et al 1967)s In UlSl.Ae, for both
registerel and certified safflower seed, the minimum viability
requirement is 90° (Knowles and ¥iller 1965).
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154 Utildzation
Safflower is grown prisarily for oil. The oil

is used in industries as a drying oil for paints, varnishes
end alkyd resins 1o0r its repid drying, non-yellowing and
colour-retaining properties. It is elso used as a high
quality cooking oil and for margarine, msyonnalse and

salad oil mayufecture (¥nowles and Hiller 1960 and welss
1971).

Safflower meal can be prepared in two ways, vis
one undecorticated meal with protein content of 19% snd the
other is the decorticated meal containing 36 protein. (Baker
et 8l 1951 and 1959 and Knowles 1955). Undecorticsted meal
is a useful animal feced for cattle, but iese suitable for
poultry and pig owing to ite fibre content (Baker et al 1351
and 19593 Dennis ond Rubis 1966; Heineman 1953; Peterson
et al 1957)s Decorticated meal is suitable for ruminents,
and poultry provided lysine and methionine are included
(Young and Halloran 1962, and Zablan et al 1963).





