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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.
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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).



The experimental area was located on the lassey
Univereity Coopus, Palmerston Northe This area had
previously been in mixed pasture species for grazing and also
in crop tricls for several years. The soil is a eilt loam
of Ohakea seriec.

LTter seed=bed preparation, including the
application of 307 potassiec superphocphate ond nitro lime
each at a rate of 628 KG per hectare, the area was hend rakeéd
and laid out in five blocks with provicion for plots of
4 vow spoeings of 18, 36, 72 centimeters and sguare planting
and 4 seeding rotes of 5.6, 112, 22.4, 448 KG por hectare
corresponding to §, 4, ¥, and 1 million plants per hectare.

The experiment was laid out in a split-plot
design with row spocing as a main plot and seeding rate as
the subeplot (Appendix 1) Both the main plot and sub-plot
wvere randomised within each replication, Initially there
were five replications, however owing to poor seeding establiche=
ment in the Cifth replication, only the first four were used in
subsequent sonplings.

Ceod was obtained from Dr, J,M. McEwan of the
Crop Research Division of the D.S.I.Re 022 Safflower
seed was used in this experiment, This line was selected Ly
a series of acecessions et Crop Research Division, Lincoln,
who originally obtained them from Davis Cempue of University
of California, 022 proved to have the best disease resist-
ance in local trisls (Pers. Comm, Dr. J.M. MeEwan),
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However, cpecial precautions were taken to prevent any
possible incidence of safflower rust cnd pre-emergence
damping offe ne of these was a hot water treatment of
the seed and the other was dusting of ceed with Drisan and
benlate each at the rate of 57 grams per bushel.

fieed was hand plented in 3.6 meter rows end string
grids were used to obtain the desired plant spacing and
popilation density. GSeed was sown on 3/11, 4/11, 5/11
6/11 and 7/11/71« Thinning end tronsplanting were carried
out threec wocks after sowinge OCufficient number of plants
for 10 somplings were planted plus ¢ minimum of two guard
rows in each plot,

The first sampling was made 35 days from sowing,
with the otlhwors following at intervals of 14 daye except for
the third cnd ceventh samplings, The third sampling wes
mede 10 deyo olfter the second and the seventh 4 weeks after
the sixth souplings The crop wag harvested for final seed
yield and component measurements 161 days from sowing.

Herbicide, namely Diuron, wes incorporated into
the experimental plots one week before sowing, at the rete
of 0,84 X0 por hectare, Over the course of the experiment
weid control had to be maintained by hend cultivation since
the lerbicide was not fully effective, For aphid control,
Disyston at the rate of 0,84 KG per heotare was broadcast one
week after sowing, Benlate was sprayed at flowering time
88 a precaution sgainst BPotrytis blight, Rate of application
was 127 gn 8.1, per hectare for 1000 litres spray.

A hive of bees were placed at the southern edge
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of the experimental plot during the flowering period to
aid pollination.

The climatic conditions were favourable over
the experimental period such that no irrigation was
necessary for the crope Rainfall and insolation are
summerized in /ppendix 2é

2.2  _xperipentel Methods

24241 Sampling Procedures

At each sampling, 6 plants were taken from cach
sub=plot, I'lants were cut at ths bese and placed in a
plastic bage I plants were reandonmly selected from the
6 plants sampled, for dry weight measurements.

With the first sampling, only dry weights and
leaf arec mcapurements were recorded, Plant height was
included as from sample 2, Deta on number of different
categories of bLranching were collected as from sample 3
onwards, Records of number of seed heads, number of seeds
and seed molsture were included in sample 8.

The 3 plants chosen for dry weight data were
weighed frech then placed in a container and dried in the
oven at 82°C for 24 hours.

leoaf area was determined by using an autometic
srea meter, nmodel AANeS5 (Hayashi Denko)., To minimise error,
care was tolen to see that leaves were spread properly before
measurenment took place, IlLeaf areac and leaf mumber were recordod
on per plant basis, Light penetration into the canopy was
determined ot epproximately 2.5cm dbove ground on twe occasions
in all trectments using an omnidirectional photometer.

Plant height and nunber of branches were recorded
from the 6 plants chosen at each sampling, Plant height was



token a8 from the base of the plant to the tip of the primary
hoads The »onches were classified into primary, secondary ond
tertiory hend dasending on their position on the plant.

rom the final sampling taken on the 13th April,

2 plants wecre rondonmly selected for yield atdributes and &
further 15 plunts were also randomly selected for seed yleld,
seed moisture and seed viability. These 15 plants were machine
threshed with the use of a cereal threshing machine {rom the
Crop Rescarch Division of D.8.I.,R. From the two plents
chosen, the following yield attridutes were recorded: number
and woight of primspy, secondary ond tertiary heedes and seed
yield on per plant basis, and number of seed per head, Final
soed yleld was eslculated on the basis of 17 plants per plot.
Yield wag recoxmded on per plant basis, por unit area and per
1000 secd weight,

24242 5oed Neosurements

lizschine threshed seedc were sampled for moisture
and gerninotion testse A duplicate sample was used for moisture
content determinations GSeed molsture content wes determined
W plecing sceds in an edr oven st 105°C for 16 hours.

(I8TA Regulotions 1966).

For germination tests, duplicate samples of 100
seeds each wore taken, GOeeds were placed between moist blotter
in lots of 100 and placed in a germinetion chasber with a tempe
erature of 25°C, An interin count was taken after 4 deys
and the final count after 14 days. Seedling evaluations were
besed on ISTA germination regulations.

24243 Qi) Extrection

feeds obtained from the two plants in the final
hapvest were used for oil extraction. Owing to a large number
of treatmonts, ceed samples were reduced to two replications
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by bulking replications 1 end 2 and dao replications 3 and L.
For each treatment duplicate samples wore used,

The seed samples were oven dried et 105°C for 16
hours., Aftor cooling the seed in a descicator, the seed
samples werc ground using a coffee gZrinder. 1 - 15 minutes
of grinding was sufficient to give a finely ground materiel for
0il extroction, The ground eseed was kept in airtight bottleco
until it wes required for extraction.

Golvent extraction method using Sohxlet extraction
apparatus vao used in extracting oil from the seed. The method
used wae thet doseridbed dy Kennedy and Urau (1949).

JaLeCe was used to deternine the fatiy eecid
composiiimm nd also the proportion of fatty acids in the
safflower olls 7The G.L.C. analysis was done in the
Bilchemistry Department in co-operation with Dr, J.C. Hawke,
The procedure to estimate tho fatiy acid compodtion of safflower
using G.L.C, wags as reported by Van "ijngsarden (1967).

203 OGrowth Anadyals

There are two methods of calculating the
growth analysis of cropes One is the regression method
and the other is the classical mothod, The main
adrficulty of the regrescion method is finding an
equation which sdequatley deseribes the growth of &
plent, (f.0.change in weight or area with time), With
this method, some true effects brought adbout by changes
in the environment mey be lost. This is beceuse
regression couctions tend to smooth these irregularities



in the sampling vealues. In view of this and the nature
of the data eollected, the clessicel method wes found
prafereble.

The classical zethod of growth anslysis
involves the calculstion of various rean rates from
changes in plant weights (i and ¥Wq) and leef =rea
(2p emd iy) oObserved at two sampling periods (t, and t4),
as follows:
deen net assimilution rate (HAR)

NZR = (i, = i4)(loges,~logeA, )/(t2-t1)u2-4.1)
eam relative growth rate (RGR)
20R = (loge i,=logew, /(t,~,)
Yean relative leef growth rate (RIGR)
1108 = (loge’, -loger, JA,=t, )
where / = dry woight per plant (gms)
A = laeof aresz per plant (caz)
t = tine in deys.
In addition, the following sre included.
Mesn crop growth rate (COR)
R = (v =1y V()
¥esn lesf area index (LAI)
L:I -0.24-1.1 Y2 or
=(10geL,~10g8Ly M/ (Ly=Ly)
m‘-i and L represent the plant welight and leaf
area per unit srea of ground respectively.
2.4 ilatigtles] /nalysip
The analysis of variance of data was dome
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using the 1130 computer at the lsssey Computer Centre.
The 1130 statistical system perforas major strntistical
functions such as snalysis of varisnce using the set
programme called ANOWA. The general procedure may be
described as follows:
From the experimental observetions on a
varieble x, this progremme will compute an analysis
of varience for a complete Tactorial design for a
meximum of 4 lectors. This method 1s particularly
useful since it cun te extended to &ccomodsate seversl
experimenteal deciims including split plote The extension
to other experimental designs is scconplished by
utilizing & special report generator (i.e. & specially
punehed eurd) which chooees the sppropriate coumponents
to pool in forming the error term or terms to cccomodsate
the designe
The sum of sguaree was computed ss follows:
et id = Oun of all the cbservetions st level ai.
ne = Nusber of observations surmed to obtain Al.
ABL1) = Gum of all observetions at level sbij.
nad = Number of observetions summed to obtain AB1j.
ABCAJk = Dum of all observations at level sbedjk.
nabe = Fumber of observations summed to obtain
ARC1 Jk.
Thue & general formula for the sein effect
due to factor 4 is
Te S8a = Enzl/nl - 02/-
where G = the grand total of &ll cbservations, and ng is



the number of observaetions summed to obtain Ge The main
effect due to fector B has the form
2. 85b = = B°4/mb - 6*/ng

The genersl computetional formula for
veristion due to AB interaction is
3. ssad = < (4513)%/nsd - 6%/ng = (5Sa + 55b)

The general computational formula for variation
due to ABC interaction is
4. S8sbe = = (.5C1Jk)%/nebe - 6°/ng -~ (558+55D+5SceSEDs

GSae +5Sbe)

The following table shows the layout of the
complete table of analysis of variance of a split plot
(AxBxC)e In this case, let A = main treatments
(row specings); B = sub treatsents (sowing rates), and
C = blocks or replications. Then, appropriate error terms
were calculated as follows:

(a) BSS error = SSae

(b) <S5 error = S5be + SSabe

The 1WA table becomes:

Isble 2

Mein treatment (row specing) A SSa
Blocks (replications) c | sse

Ervor () 8sac

Sudb treatment (sowing rete) B | ssb
Interaction _ AxB | 05sd
rror 5Sbe+sSSsbe
Total 85 total

The noin effects and interactions were tested



for significance by dividing the mean sguare (k8) for
the particular effect or interaction by the appropriate
error terme Thus the F - ratlos for thie design are
ag follows:

A roa/Noae

B : uSH/ESbe + Moabe

AB @ MOeb/uSbe + MSabe

least significent difference (LSD) was

calculsted based on the procedure described by Coechran and

Cox (1957)e



SHAFTER TITUS
CSUIE0

Sed Seoed Yield
Seed yield celculated on per unit area basic

ranged fron 2150 Kg/Ha to 8627 Kg/lla accordiing to treatmento
(Fige 1)s he highest yleld was obtained in the square
planting potiorn at o seeding rate of LL.8 Kg/Ha and the lowent
yield in 70 en row speeing at 5.6 Kg/flae The effects of both
row epacing and seeding rate were highly significant., HNeon
seed yield of the different spacing treatments showed that the
square planting pattern geve a significantly higher yleld thon
row planting, with no significant difference being recorded
between the different row spacinge. ©8eced yleld increased
significantly with increasing seeding rate, There was also o
significant interaction between row cpaeing and sowing rate,
with the superilority of the souare plonting being more evident
at the higher seeding retes. '
%2 plent Dry Weight

The effects of row specings and sowing rates on
dry welght per plant at different samplings are shown in Fig.2,
Initiclly, dry metter accumlotion was slow as shown in the
firet two samplings dbut from the third sampling onwards there
was & rapid occcumulation of dry metter reaching & meaximum by
the seventh complinge Dry weight per plant dropped by the
final serpling, Row width had no significent effect on the
dry weight per plant up to the fifth sampling, From the sizth
sampling onwards, row width appeared to have a significent
effect on the plant dry weight, Plants from the 72em row width
had lower dry weight compared with those from 18 and 36cm row
width and the square planting., Sowing rate tended to influcnet
plant dry motter accumlation as early as the third sampling

(63 daye after sowing), with dry weight per plant being ine
vercely related to sowing rate (Fige 2).



Figure 1. Mean Seed Yield
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Flgure 2. ¥ean Dry Weight Per Plant
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3e3 Elont Helght
Plant height increesed rapidly efter the

pecond sompling (49 days after sowing)e The increase in
plant heisht clowed down after the Lth sampling, gradually
reeching the noxirmm hedght by the seventh harvest. There
wae then littlo change in plent height up till the final
harveste, ['lant spacing seemed to have little effect on
plant heizht although there was & tendency for plants of the
square planting treatment to be showter than those of the
other treatnents, this difference reaching significance only
at the seventh harvest (Fig. 3). Increacing sowing rete
sppeared to increase plant height in most instances, this
trend recching sctotistical significance at the 2nd, Tth and
8th pcamplingc (Fige 3)e

3ely leaf

3441 Igaf Numbor

Leaf number increased rapidly resching its
meximum by the fifth sampling in plunt opacing treatment, then
i1t gradually deocrecased and by the {inal harvest there were no
green leoves lofte Plants in the 16 em row spacing appeered
to have the highest leaf number, those in the 72 em spacing
genersally had the lowest number, with the other two spacing
treatments Lelng intermediate in this respect. Differences
between trectnonts reached significance over the mid period
of the experiment (Fige 4),

In the sowing rate treatments, leaf mumber per
plant showed no significant difference at the first four
semplings but thereafter differences were statistically
significant, Here too, leaf number followed similar trend
as before in that it reached its maximum et the 5th sampling,



Fizure 3. Plant Height

Identification of row spacingsi
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Identification of sowing rates:
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e oo 1102 KG/Ha,
WSPIR. 22,4 KG/Ha,
e oo e Ulie8 KG/Ha,

1 Day of 504 flowering
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Figure L, Mean Ieaf NWumbey Per Plant

Identification of row spacings:

i = 18 em.
il * B
e e 72 cme

“.-._h l_.*.u i; riuare Plth

Identification of sowing rates:
L o = 3 5'6 KG/HE.

e BT T e 1’.2 !ym.
oy A 2244 Wﬂl.
sl s iniions  a® XY/ Hay
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with the excoption of the higheset sowing rate treatment

(4o 8 Eg/tin)e In this trestment, moximim leaf nunber wes
reached ¢ fortnisht earlier than the other sowing rates

(1.e¢ 4th pampling)e It is interesting to note that as from
the 5th campling onwards leaf numboer per plant uppeared to
decrease with increasing sowing ratec (Fige 4)e

J.42  Lesf Area

lsaf area per plant appecred to have a similer
trend as the leaf number per plant in plant spaecing treatmentoc.
loaf srec incrocsed rapidly recching its maximum et the fifth
sampling, Thoreafter 1t gradually decreased to sero in terms
of green leof ot the final horvest (161 days after sowing).
Generally, the 10 en spaecing appeared to have the highest leof
aprea per plont followed by the square planting, 36 em end 72
cm plent cpecing respectively (Fige 5).

In general, increascing sowing rate showed a
decreacing trend in leaf area per plante At the first three
sowing rotesc, naximum leaf aree wes achieved at the 5th
soampling and thore was e rapid decrease thereafter. However,
at the highest seeding rate, maximum leal ares was reached at
the 4th sempling, and the decline of leafl area nppesred to
be less rapid than the other three sowing rate treatments.
Ieaf areo difference was found to be statistically significant
et the 5th, Gth ond 7th samplings but not in the earlier
samplings (Fig. 5).

3043 leal Aree Index

1ith increasing row specing, there was & tendency
for the IAI to decreases In general, the 18 em plant spoecing



Flgure 5.

Mean Leaf Aresa Per Plant

Idemtification of row spacings:

P T — 18 cm.

L T L e A 36 Qﬂc

A e 723510

- s ..4—.-.-&_-.-. Squm Plantim

IdentifTication of sowing rates:
. " 5.6 KG/Ha,
et s rngunee 1142 KG/Ha.
S 22l KG/Hae
it rndnews  lilie8 KG/Hay

l Day of 50% flowering
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Figure €. Lesl Ares Index

Identification of r»ow specingss
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st 0N

¥ i 72 cme
oo enbimemmoodmime SQuere Planting

identifrication of sowing rates:
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had the hishest value of IAI followed by the square planting,
36 cm andl 72 em plant spacinge LAI increased rapidly in
the first four samplings reaching its peak et the 5th and
then groduclly declined (Pige 6).

i1 appeared to increace with increasing sowing
rates Thc Dook volue for the highest sowing rate (Li.8
Eg/He) wac reached sbout a fortnight earlier than the other
treatnentc.

.44  Light Intercoption

Light measurements midway between rows were
nade at floral initistion and full bloom. In plent specing
treatments, 1ight interception by the plant cenopy increased
with narrowved rows to a meximum of approximately 70% at full
bliom inthe 18 em spacing, 8quare planting also trapped a
laprge percentoge of insoletion, epproximately 667 (Table 3a).

iidgher sowing rates resulted in a greater
percentoge of light interception. At 5.6 Kg/He, light
interception was only 6t at floral initistion but there was
a substantiol increcse to 33% at full blooms Similar incrcase
was noted in the 11.2 Kg/Ha sowing rate at full blooms, liowever
in the renmaining two sowing raie treatments there was no
further increcaose in light interception at full bloom comparecd
to the esrllier moasurement (Table 3d).




Firure 7. Crop Growth Rate

Identification of row spacings:

-~ o 18 om,
L T Lo e e e L 36 Clile
A A 72 cme

Identification of sowing rates:
ol 5.6 X0/Ha.

st vt | Tiof XY/ X0

Ao A 2244 X0/Ha

e wtdhmiome o W48 KO/Hao

] Day of 50% flowering
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Sowing_pote arowth St |
Kgha Zlor on ¥ bloom J
| 546 | 6 33
i 1142 | 26 us
22,4 57 549 |

Llie8 71 70
1 ol

3.5  Growth inalyels

3«51 G Rete (C3

There was @ rapid increcase in COR in all
treatuents with time reaching peak value after approximately
80 dayes in 306 em, 72 em spacing and square planting dbut
earlier in 18 em spacings Square planting eppeared to meintain
a relatively high velue of CGR throughout the second half of
experimental porled. In spacing treatmonts, COR values were
significontly different only in the 7th sampling (Fig. 7).

Ci? also increased with increasing plant density
reaching & peak value after approximetely 80 days (Fig. 7).
The lowest cowing rate treatment also appeered to retain 2
significantly lower level of CGR than those of the highest
sowing rate in all samplings except the 6th sampling.

%52 Relat

Relative growth rate reached a peak value

in all trectmonts at approximately 8 weeks from sowing then
repidly deelined to harvest. Highest value was recorded in
the 18 cm and square plenting treatments but declined more
rapidly than the other treatments in the following 10 to 12




Figure Ce Relative Growth Rate

Identification of row spacings:

- . s 18 em.
B e e R 36 cm.

—t b e e e DQuare Planting

Identification of sowing rates:
- — 5.6 KMHB.

——— - 112 KG/Ha.
e i 22,4 KG/Ha.

e el e e e e 8 KG/Ha,

l Day of 50% flowering
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doeye (Flze Cle
increuce 4n relostive 2rowth rate was

inversely rclctad 4% sowing rates durin: the first 8 wenks,
tien choued ¢ olidlar reletionchip as i1t declined to harvest.
CoR walues in Loth row npucing ocnd cowing rote trectmente
wers found 4o Yo ptoticticully non=-nicniflicent.

3.33 ley fssimilation Rute (IR

In all treatments not acolimilation rate

conformad ¢ ~rnorcl pattern of o shorn increese in value
reaching ¢ pel, flloved by o decline ti1l hnrvest, In the
aprcing trontments, 72 em and 36 on tended to show & higher
WR than those of the other specing treotments over the early
period of routh, l.e. up to 12 wecks after sowing, However,
curln the loter nerlod of povtl the o uare planting treute-

nt o vty gpertior in IR, It g also intercsting
to note % . 1 51  uare nlenting recordad ite neak AR
approxirctely ' weks sarlier than the other treatments, i.c.
8 weeks aftcr zoiinge In tho 72, 36 and 18 cm spacing
treatmentc » oyarted to decline mite sharply after approxe
inately 1 or 11 weeks of growth, while in the scuare plenting
treatment, 170 zshowed £ more aAradual decline through to
harvest, tow ppaecing treatment differences were statisticolly
significont only in the 3ré and L4th horvest (Fige 9).

In 2ll sowing rote treat:ents, MNAR tended to
follow & similor trend except that the lower sowing rates
(5.6 end 1142 Toile™?
then did the higher sowing rates (22.! snd Ll.8 KgHa™'). The
highegt 1L wag recorded in the lovest secding rate treatment.
NAR waluec from harvest 3, 4 and 5 showed 3ignificant trectment

dirferences (Pig. 9).

) reached peek levols 1L days earlier



FPigure 9. Net Assimilation Rate

Identification of row spacings:

16 ecm.

- —

———t s i DO CIle

& A 72 Cllle

P R S PO Square Planting

Identification of sowing rates:
506 KG/Ha.
o s mtme e 112 KG/Ha,

& " 2244 KG/Hae
s o e L4 8 KG/Hae

il e et

l Day of 50% flowering
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354 1 Area Rutio (I

L'} inecressed ropidly from the first sampling
to reoech itn ronk at the 2nd sampling in all spoeing trectmentc.
Thereafter [ ) vhowed & repid decline in all treatiento.

AR ghoved little differonce between treatoents except in
the 2né «nd Smd souplingse Fige 10 chows that row spacing
treotoment dirferences were not stotisticully significant in
41l sarplincoe.

A similar LAR trend with time appeared in the
sowin: r:tc troctmonts, with the higheot cowing rate genercll
showin: tlc .1 Zest LAR throughout the first 11 to 12 weekec
of growth l.c. 0 the 4th horvest. Statistically significont
treatment ¢iilcronces were recorded in the 4Lth, 5th and 7th
harveste (.i5e 1)

3.6 iloucring

3,61 D to 5. Flowerins

isnts at the norrower cpaeinzs (48 em and 36 en)
reached 5U. {lowering epproxinstely 1 duy cariier than those
in the widor oooeing (72 em) end the s-uere planting. Lower
seeding rotos (H.6 and 1442 Kgla™') alse tended to result in
carliier flovering than did the higher sowing rates (22,4 and
L8 i::g!ia"1 )e iowever, the difference was not significant
(Teblie 4)e

Teblo h  Zoye %o 50 flovering

' Row width Sowing retes lg/ile Row width
SN N o - SBOA & PY- v ——
% | &8 86 | 85 88 87
36 | 5 86 89 89 .87
72 . &5 8 | 9 90 ; 83
Squsre | 09 88 88 | 87 . 88
' Sowing | O 87 88 89 LSD: 1

rate meen Intersetion LSDs 2




Figure 10, Leal Area Ratio

Identification of row spacings:

o = 18 cm.
S VR S — 36 Chie
ye - 72 cm,

el sl o STuare Planting

Identification of sowing rates:
- - 5.6 KGJ/HS.
R L P T
& A 22,4 KG/Ha,

el s he o Ulte8 KG/Ha,

l Day of 50% flowering
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3.62 poys to 904 Flowering

vifferences between tihic nucber of days to 90«
flovierin: bLotwoen treatments increuscod compared with the
cariier mcasurenents 5385 flowering was aghloved ecarliect
in the norrovest spacing (18ca) followed by scuare planting,
536 en o 7 e spueing in that order and over o neriod of
4 éeye, o TlTforances were sipnificont betweon all spacing
treatmento.

~ Tur ap sowing rotes were concerned, the trend
woes sinilir to thaot of 50. flowering and the differonces
were stotisticully cignificant, i.ce. the tvo lower sowing
rates doochcd 90 flowering ecrlier then the two higher sowing
rate trentrenio,

"o Antornetion betwoen roy sprcine ond sowing
rato ey aloy cimifinant due to tho oraaisy delay in flowerin:

in the nopn Jidely opoeced rovs o seeding roto increased

PR R T e . r"""-'""'"“ - - 1_
. Row width Row width
r cn Deb _ml_-a—T nean
—— e : 1

! 15 52 | o4 1 93

. 36 & 9% | 96

i , |

. 72 ll e | 101 ; 98

| Souere | Uk | 95 | 93 95 | 95

| ;- b

of
Bowing | 94 95 96 96 | 1LSDs: 1
rate moen!

Interection 1SDg 2

-4
2
o)
-
-

The enount of brenching per plant wes measured



Plgure 11. liean Nunber Of Branches Per Plant

Identification of row spacings:

o & 18 cm.
-i—o*.-..*_._ 56 cm.
e el 72 cme

——em bt s b OQuare Planting

Identification of sowing rates:
@ - 546 KG/Ha,

el LT R S 1 1 .2 K‘VH&.

e A 2244 XG/Ha,

e oo oo lie8 KG/Tia,

1 Day of 50% flowering
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fron the 3ré cormpling (9 weeks eofter soving) onwardse Ag
shown in PFl~z, 11 there was « rapid incrcase in branching
between tlv: 3 ond Lth sumplings in 2ll treatments, followed
by 6 _mow L lasrsose therecfter, Tie 72 ¢ spacing seemod
to nuve Ll 2t nurber of brunciies with the 1¢ com trectica
generally ". v.u tlc highost nurber, towever, in the

fincel herreot 2 asre plenting chowed a grecter degree of
ayenchin: {Lun 421l othsr spacing treatnentse. These differcncoc
ware simnificuut oo froa L he £5h parpling onwards.

Lowdy soving rates woncired to encourcge branche

[

7 (Pige 11 w1lth the cupsriority of the lowest seeding rate

o S " - - - . -
Bel) Tl 1 Woing elouarly Glaglayeé risht theougihh to the

-

Cin:l sormpliv: 4 hurvasts Treatnont dlfferonces were
statistieclly imitlieans ag aesdy ¢ the I sumpliling and
risht SVaoigh o Aha Sined gompling et angvoct.

-

Jats o Yield ior slang

“eod yicle per 2land ranged fron 5,80 gms
to 27.L5 [ rnececondiing to treationtoe The lovwest yleld woo
obtained in tl 72 ¢n apocing st Lh.5 i-;gila“’ and the highect
yieid An il 10 eu gpucIng ab 56 i”*.;;f::u-". Incrcasing row
width ané ¥ coolore more plants within the row, cpreared to
decreape yicld ser slant, with scuure plenting showing an
internedicte r1-14, Onee sgain it woe interesting to note
the npparant o periority of square plonting s seeéing rate
inerzaped, A& night be expected, cn increase in sowing
rate led 1o ¢ algnificent and progicsclive decresse in yileld
per plamt (Trhlo 6).
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| Row width

cue ! nean
r— T ——————y - - ) ———— o |

13 ?.s, 1(.\.‘? ?.G 6.6 1‘!;.6

36 -'u_) 16.7 1 -.2 6.1 1&-.1

72 1667 el De3 58 12,0
[ Sruere 2061 157 1262 De2 150
; Wl R T CRas R R e B - i 1‘
icowing 23el} 158 1044 Ged 15D1262

& I P -
.fr“ tn ean D12, 6 Interoction: I
Ze9 Comonents of Scad Yigld
“he cormmanents of scod riolds included seed hend:

per nlont tnd or unit arsa, nurher un’® welizht of oeeds per
heod ené 1700 oceod welhth,. £150 iInclulfed in this section

is the nuther of geconlarvy and tertisry "wads, weight and
nucber of ncods from these heade and tihcir 1000 sead weight.
The nuobr-r» o oinayy head per nlant ia net Sncluded in this
gection Tce une ench ploant obviously hos only one primary
head, Howevwn» osther asnectis of the »rirsry hesf such es
nmumber and vl ht of seed per heed cnd 1000 seed weight are
included.,

A ) feed hesds per plant

Total mamber of seed hcads per plant ranged fron
6 to 22 with the lowest nurber recorded in the 72 cm spacing
at Lled Fpiin™! and the highsst in the 18 cm spacin: et 5.6
Kgﬂad. The effoot of speeins reculted 4in the souare
planting hoving 2 greater nurmber of lecads compsred with 18 eom,
36 om ond 72 ok spucinge It appeored that with on increase

in row width there wue o decrcase in the nuuber of sead heoads,
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Thug the 7. ¢. . clng had the lovest nanmber of sced heads
in reletion to the othor treatments (Toble 7)e

5 Jor ths secondary hweods, row spocling
vpoenral 1o . ve little effect on this ecomponant slithough
the nopcucct row width tendol to cupneyd slightliy nore
seeondorr hools ner plant (Tsble 4%,

Tnble 9 chows that the number of terticry
Iwds er plont ez found to ve viriable depending on

N . S — | P
Erestnenils, D

'.g__‘

vo Pron T 40 13 Towever, the mean nunber
of tc ticry herle in the f1fforent vor spicing trestments
caiowed thet the smore plinting trectnent 28 a =light
sdwrnto e errer 17 nd 3 cn apueins trctlients tut & consider~
able adv.ant. A over 73 cu spucin, trmatrent.

Inerwoaldn: sowliy »otos vppcared to depress

A TINE S ol T e BOuC e s wee Hlont, v 8 resuldt, thoe
roueoh S e e 20 wred heowcs we pluant while the

Iduhest o s 20U hid «anly Ge Toth thic cccondery and
tertiaay o du wr nlont were similurly aficcted by sowing
rate, l.Ce LoCo0using the powldng rate ceused & consecuent
reduction o tiicne couoonentse ¥or cxaomple, Tcble 2 showe
that by incrcasing the sowing retc 8 old, the muuber of
terticry cols was reduced to 4/6the In all three categoriec

of seel leodls, treatment differencas were esignificant.



| Row wictl. |
| s

|
|
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Table 7

2otal pumber of hecds per plent

ow width | 'Row width |
cng Hel> 4,8 | mean !
A e A A} e e e r—— o . ___l!_
16 22 14 11  ; 13
36 10 13 10 6 12
72 17 1 7 6 19
Jouare 25 I 11 J 6 13
- PRI P —_— —— P &
Cowlng rote 20 13 10 7 IsDs 2
upan D2 Interaction: NG
Zable _uzber of 29 headp per Dlent

A e T e—

Low rate Fo/lio

' Row width |

ens o O ) 221} Lie8 | moan !

16 6 5 L 6

36 O 6 5 L 5

72 7 5 L | 4 5
Souare 7 6 5 | & ; 5
Cowdng rota T 6 -5 L T;1.{-}10 1S ‘
- mean Lobelio Intercction: IS "
Table 9 lumber 0 ne » nl

Row width
 Ged mean _'

18 13 T s i 4 6

36 1 6 | u 3 6

72 9 5 L2 1 I |
Square (10 7 5 3 4
‘Sowing rete 12 6 2 |LSDsNS
- mean D2 Interaction: IS
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{ meter squore )

Total number of secd heads per neteroquare

ronged fror. 212 to 825 depending on treutments (Appendix 4).
The effcct ol rov spucing on the number of seed hoeds per
unit arec choved that the scuare plinating hod the highest
number vhile the lowest number was {rom the widest row
opteln- (70 ¢ci.ye wimilar trend wae aloo dipplayed by the
terticry leoodn Dut not in the secondary heads where the
differcncec . rec not statisticully sipnificant. In both
the total on thic tertlary heads, the row cpacing differences
were cignificiont only between thot of the widest rou spacing
ond the reicinin: row spacing troctoentse Flgures 12A and C
show the distribution of the differcent ceed heods and thelr
nercentose contribution.

The effect of coulng rute on the total nunber
of heodo, cocondnry cnd tertiary heodsc per unit area is
shown in Fig. 125, Both the totcl cnd the munmber of
secondery lcodo noer unit area incrcosed correspondingly
with increcsing scowing rate. llovever, in the case of
tertivry hcuds, it is interesting to note that this component
recched o roximun et sowing rote of 22.4 KgHo™! but declinod
at the highest sowing rate (L4e8 ¥g/ila™ ), PFigure 12D
shows thot increusing the sowing rate resulted in the increacod
percentioge contribution of the primary end secondary heeds
but there voo © corresponding decrcase in the percentage of
tertiary lcuda, Treatment differcnceswere significant in
the totel nutber of seed heads and the number of secondary
heeds pe: motcr square but not in thet of tertiary heeds,

3.95 ligdght of seed hoed
lean weight of seed heads per plant in the



Mumber and “ecrcent of Primery,
Secondary ana Tertiary Heads Per

Heter Gquare.

A, Humber o llcade ag affected by
FOW Specings.

-

B uher of Meads as effected by
bowing I‘stes.

Ce fercent of T'eadp &s aficcted by
ROW SpoCingse.

De Percent of llgeds ac affectcd by
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different opocing trectments shoved 1ittle variations, with
the souere plinting treatment indicoting a2 slight superiority
over thr otlwr troatmente (Teble 1C0)e Sinmdlor trends vere
also Gic. i yoo in the welght per primory, secondary and
tertiery 1o (' ules 11, 12 and 13)e llowever, trestront
differcncec oy not aismificant in cll cases.

acrcooing the soviing rate oppeared to depresc
the totul vel Wt of seed heads per pnlant. This trend was
cluo demonotrotod by seed head welght per primary and
tertiory hood Lut not so in the cose of secondary heed, It
appoared thot the secondery head from the 1142 Kgiia™' had

a slight weirht odvantoge over that of 5.6 Kgha™

s Tollowed

¥y those of 22604 und Lhed Kg‘f?a"' in that order. In the

cuse of the totnl weight of eseed !izadgo per plant, all treatrert
differcnecen werce eignificant but in tlhw cuse of separcte heed

welght onl, cortailn treatoecnt dilfercnces vere significant,

Tuble 10 weiApght af

{
Row wicth Row width

crs e meen
18 3063 278
36 5143 25,0 [
72 1110 2241 1
iﬂ_‘um L}L.1 27.8 2:;).0 15.3 . 28.0
Sowing ka7 2746 18e3 12,5 1LEDiN®
1 pote mean

IiD 3669 Interaction: N5




Tuble 11

_oizht per primery hecd (grems)

|
I ROt W iét‘. %

| —

Cns

i T g 4
[ 1

18
36
72

L Louare

-

vowing
rote mean

Row width |

_—

G u___%r_ﬁg 'ljg{?:& IL.0 | mean l
e sl .
019 | 293 2469 | 24451 2482 |
1499 3416 265 | 2,24 2475
3457 3,02 2,51 | 2.18§ 2.82
je 01 3010 | 3,00 : 2.63% 2e92 |
5010 5005 2471 24368] LODNS 11
153010632 Intercetiont 10 '; }

Teble 12 Jglaht per gecopdery hood {ma;g!
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i ow width  __ vowin: rete Ko/lls {Row width
cmo el T 1942 |2 Rnm: mean
1 i . Qe l2 } E+006 ‘ 2,00 Ze&32
| i i
3 o 51 266 | 2410 P 1.66] 2426
‘ i
72 « 08 2069 1 2e24 | 1459 2429
! i )
i f:l;u{.;m i L..:-)':J 2.“& i .L]-? ; 2.08 ?.39
Louing Pite 2459 2464 2922 1e84! LoD NS
‘nean : i
5 t0e2Y Intersction: NS l J
Tab - rt
Row widtlr | 8#% rate %Ha : Row width
cms } v 1 ° . 2204 b};.r mean
18 | 1489 1,53 1.07 0.88] 1434
.36 | 192 | 1487 | 1.09 CeS7| 1439
-. | i |
A L 207 | 1451 % 1.27 1,00} 1.46
i |
| Squore 1675 | 1.50 .45 1e2L) 1.48
| 0 : o '
{Sowing rate 1,90 153 1e22 1.02; LSD:NS
|mean 15D10.26 Interaction: 1S
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3.94 lanber of seed per hoad

~"his date was obtuined Ly dividing the nunmber
ol sgced obtuined from a plant with the total number of seed
heads irrccicetive of their lococtionc, The breckdovmn into
the difrercnt coteories is vlso included in this section.

“The el{eet of spacin; tro trents on the mumber
of seed per hcwl, per pripary, secondary wnd tertiary heaod
showed no cimiiicant diltercnce. However, it is interestin’
to noto that the suere planting {trectment eppeared to have
a cligtd v 2t ge in secd murber in cll the heads concerned
(Tablee 1L, 15, 10 ond 47).

ying rate ftrcatacats showod a definite trend

of deercacin: the number of secds per head in all categoriec,

Trectment 27 osonees were significant in all coases excent
vhat of | oli.ey wade
Tuble 14 Imuober of ccedsg per nhord (total)
Row wmth?__- E;owi% rete %,g/}{a Row width
cma Dew I 11, -..Ll- f m.s : mean '
18 e 32 28 25 29 |
36 L34 29 27 24 28
| | )
72 32 31 28 24 29
Scuare | 32 33 31 | 27 30
cowing = 32 M 28 25 15DsNs
rate ROOR |1nngs Interaction: NS




Tatle 15 tumber of secds per primory heoad

- Row wicth

T_ Row width

nean 18Dy Intercetion: IS

cms Llie® mean
T — T T W o A e ke
18 34 32 32 30 52
36 353 20 29 27 29
72 26 32 26 28 30
Gounye i 35 4y 26 32
Soving riic a5 i 3 28 IODLHS
s [ Pe Intercctions 1S
Table 16 Jumber of seeds pe  secondery hesd
Row width Sowing rote iz,;;é;_i.u ~_ Row width
cne Heb 112 22e m&.s oean
10 3& 37 51 20 32
36 35 36 29 2€ 3
2 50 35 32 24 30
LOREYe b 3 5 34 5 33
OGoving rote 32 36 31 27 LODgNS
poan gD Interaction: IIC
Taple 17 Humber o edp ner torilary head
Row width __ S%m rote Eef;-ia Row width
cms el 2 22 e E‘-.E mean
16 50 27 22 16 24
36 34 23 21 20 25
72 30 26 27 18 25
S quare A 7 28 23 21 26
‘Sowing rate 31 26 23 19 1SDsNS

60
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3625 elohb of seed per lwud

his duta wag obtalned by dividing the totel
welght of ool sleldded ner plent by the totadi nunmber of seced
neads irreo cc.lve of thelr locatiocnoe. Veight of seed f{ron
the differcnt ouis (l.€e primary, uveconiary und tertiery)
is olgo Loul Led und discussed in this section,

~3 in the previouc eccse (nuober of seed per
naad ), the mcun ceced weight p er hecod of ell cate;ories
showed ne cimmificant specing eff'oct clthougls the souare
pleabln: troctinnt showed a3 slight superiority in seed weiznt
per hzad in all instances (Tebles 18, 19, 20 and 21),

e Anerease In sovwiny rate generally depresced
seed welirit oi' 111 hends, This eviced of acuing rate on seecd

welght nor hoad was stetdsticaldly simniddicant.

Lable 48 wwizht of sgec per sexi (totul) - (proms)
L it - g ]
Row wicgl: e Qudng rote Ipyila Row width |
i Celd 19¢2 2ded m.g mean '
46 :.-'_f-l} 1.26 J.:’E 1.Uﬁ '. 101;
36 o 120 0e99 0450 | 1,04
72 1ol 115 1.1 e 1t 1e13
Souere 124 112 1l 107 1ol
Soxing 1423 1418 1405 0,97 | LSDiNE

rele o Gon.s g2 Interactions IS




Td 19

[ S h e
Pow width . sowing rote Igg;/ 419 Row width
ens | el 192 I 2?.& el nean

13

18 .‘.05 1067 1072 1.60 1.81
36 L 4408 1096 | 1467 1438 | 1.7

founxe b 1.R0 1.95 4,90 .67 1.87
| —— PRI SV RPEpep————
Covdng | eld 1052 4o T2 150 16T 410
sur SIS A
Tote roen ; ),__‘_{,' Intersetion LoD
——— -

oo - —— s — P
o T D o 1 - t{" ¥ =.f'-. e g
WOT WRG Wil = \ 1:‘ i&‘ l'.. ,{ 200 \Jidtll
Py -y -‘_p.--\- iy o . Vv ‘ swan, . 1 R
—e i R 1 L Sile? | PAVS { L aall
]
. ST Ay W S TR € TS N A B W, . W Sy e it AR i S -0_?—__._

16 w0 1677 1029 1e21 Telily
20 folils 160 fe27 3490 1032
7% o e 74 1035 | 088 1437
Sausne s t o7 155 1 4429 146

et . Wl e e S T A B A St 30 g -

T
\_n‘i‘
O\

oo b o o359 166 1.07 . LODNS

BEER 2 990,46 intercetion LiDNO

Toble 24 seight of secd per tertiory head (grams)

Rew width | BT %Ba pcte Z,{ S Rew width
cus Deb 112 cce I;'E 8 e an

L

15 5e95  Oe72  Oully { 020 0460
36 | 0eT9 0.63 Oeli2 | 04O 0456
72 | .85  Ce?!  0u55 0028 0460
 Gquare | 0486 0e70 7061 0452 0467

il
B

Sowing 086 0469 0,50 0,37 LSDsNS
Pate DBER | ran0.4l Interaction LUDNO

e r—— Rl R i R
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3496 1000 ecd oight

Thdig dutae wes obtuined irom secde of ths

combined hnodaoe The breakdown of Si:ds dota into the
diiferont components ie «loo incliwded in this section.

The 1000 peed welght vardied from 33,38 to
5068Y g ceccording to trecotmentos Thic lowest velue was
obtained ¢t 10 ca spacinz at Lleb .._.w'_fa'1 sovwing treatment
and tie 23 weot velue at 72 cn gpocing treatment in 5.6
:;-:.g;la'a"'. oo ceizht of seed in differcont spacing treatmentc
showea litviic variotions but increacing soving rates eppeurcd
to deprecc cox waizht (Table 22).

e oriect of sowing rote on the secd welight
oy primavy ood was similar as the provious one tlthough it
tended to inercuse with vider row upcelng (Toule 23).

iz1 the cage of secontury heaod, »row spueing
troctrents hod uo 2imiflcant eflcet on 1000 seed welisht Lut
ap Ingeocse 40 coring P82 appscryed Yo dgoprans thic componont

(T+%ls L),
Juwle 25 ghoys that the 1200 eeeé welght of tiw
terticyy load wac oubetinticlly leover thoan thet of the princry
and secondiory hooadce As with the previous canes, epacing
treatnents did not show ay signifizont effect ¢lthough the
seme or olmilcr trend was cpparents The efivct of sowing
rate on the 1) seed wolzht of teriiary wwd was sinllap

%0 %hei ou Drinory and secondary heads.
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2ow width 5 )
cns el 112
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18 1. 13 19426 L2405

30
72

Jmare

ireew :..O
1123
7.8

Li3.62
L4BeT5
h1e93

47408
L2455
L4, 82
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row width
reen

L2.6.J
3Le €0
36426
L1.78
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Tcole 25 1000 secd weloht of teortiory heed (gromg)

- ——

=

Row width | couing rote .pto ov width

35081 el 112 | 22. Ui1ed man

10 | T0e09 | 26476 | 21.02 13,77 23e44
%6 o1 | 26416 | 1072 20,46 ' 23.64 :
72 5502l | 27401 el 2453 | 25,53

P A 4y i .’_.\.101:'.' ;3'.1{6 ::..{.:_ f::.(ft :(1‘.{)\3

— . e - A —— o, e =
Coslng rete  29.91 26+10 24112 20e34 [ LIDING

pean TED Be2ly Interoction IO DsNE!

3¢90 2 7, sotstwwe contend.
aood nolatupre content wvaricd only slightly

aeross il Lo wonts | adle 26),  There Wit no ssgnificant
elsoet duc FLa2P 200 pnoeling or sovring rates although
bo7o et oy 5 Lo oy sooG oisture goalont Lo Jooreass with

inceroasiage populatlon denslty was apharent.

Table 26 Joisture content of sacd (,-)
L S —— W A Y - — A A T S - m

Row width ___ sonin gy fute ¥ ola Row width
cus e *B' ool IL.E "'T mean

W ——— —————— 0 a e e e et ot L . M 17 .r--* . -

18 1(-.3-9 .! .u } Cas0 10.} 10.6

56 1046 1.0 | 10,7 106 1066
72 1142 1063 | 1340 | 10ebs 1002

i '.
Square 111 102 f 120 | Je7 1002

uwm !‘E’tﬂ e 135 Jel 103 1SDeNB
PP BetY) Intorcction 1€DNE

L= L

3491 ied Percent
weainotion pereentoge ranged from 515 to 69
accorCins to trcutmentse In terms of row width effect, the
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aiffercnece in percentege germinotion was very slight end
non=ci nificant (Teble 27).

Although not staticticolly sagnificant,
the: e¢ffoct ol sosing rate on gorpinction wan more evident

and tended to ilncreape vith sowiry; rrte.

Tubie of wood germination (.

How width ____ i om.n& rate 1,“,. -  How width
Crip .0 1ie? | &Pe: oS Laaai
i e e I +- - . w o w e e --—_-.-.q. - -
i S ,3 sl 50 . 62

< 56 65 o | 62
72 7 61 % & 1 60

PR ; 5 o4 A T o -
L M - Nt B | a_ \T"‘ 6&’.
e - B R e T e e T i g
EY s - §r oy 4l | X
L A jn‘;_ \ L ; e '-.“-.'- hll- A 'HT'
- - EEs
réuve AT

Interoction OIS

T ———

e v B v L —

i 5 211 Toreentoge

The 1) nercentr o v pri2d frop shomt 26 to
5 but chere a5 no signirdiecant cizferonee dus to spacing
or soulny, rote trcatments (Talle 725)e ilowevur, there wos

& o1 inhd

ot 2
-

v Par a1l epennts o o inerense with wider

rows and Bi e sowing »2i08.

YEnie 20 a8 tunt of gecd
I— s e . . WAL WS e B%E ARE Wl - -y

| slow width | - Rou wiith
cns __-__M_L&Q_T’;ﬁl". - ~ mean
—t e [ 2204 T U8 _ |

27¢24 20605 . 28459 ' 2761}

36 L 26451 | 26465 = 27462 | 28467 | 27440
72 | Uoe9 26eH6 27423 | 26460 | 26476

- Louare " 2711 26489 27«62 i 28,07 . 27.h2

sowing 20e 1t 20,82 27«64 27,98 LShNS
Tate mean 50 Interaciion § IS
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F<13 Ml ucliity

The msin fetty acld couponents of safflover
oil cre polnitic, cstearig, oleic, :(nd linoleiec, The inost
deslirable comoient, linolele aclic, lormed the greciest
procortion of tloge components roisin: £roi 7168 to 8Le2,
gecorcin: 52 trnuitzenta. Tho rc.cining compeonents vere
0loic 2cic {Ue. = 136500 nelmitic ccld (Gl = 11.2,.) end
ctourde ceic 14,7 = 3.9.)¢ (Do anrondix 5.

affect of roy viith on the composition of

safrloer oll ‘ao negligitle axxd there was virtuzlly no

differcnec in the percentege of linoleic celd in the differv:nt

row spacing: trentrents (Tobie 55). LoLsever, tlie sqauare
dostins tyociqsent cia choy a4 ¢o o 30 risc in linoleic
il {E469 1 o Lhe 0w tPeatiurit.e FI 7 pepult 2lw oleic
calT e o T T Ie reld lowveds terod o e lower Al this

che cavidres pote Lo tnonis the 11.2 Yl

had tae histwet 0 of linolele cecid (8261}, while the lovest
A
meenton win Be6 ¥gHaT ' (77,hi)e i6 noted shove the

hichest Linoleic acid level was an:ocloated vwith the lowest

Teble 20 Liiech of row epucin: on s corposition of fatty
¢iés dn palilower oil

nlale rcid Towel end vice veres (Tiklie 30),

| iow wiatk Pattr Acide
CRs S £ % ) 'Bte.u-ia ot P Linoleic

e v s . b oros oas A el

18 840 2.8 1060 7941
36 Heb 262 97 TS5
72 79 266 1063 7% 1

coare 721 2.3 8.7 8149
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3

cble 35 Lffget of gopin . rote on . cogoopition of
Tatty ecid in gofllower oll

voulno prte .. Fawty sedd L
S Ladtic Ltleoric YR Linoleic
s e - g o o me - —— e s — PR E— —

I;.‘L, J.E) 3.{? : 11.: 77..!,‘,
11... -{,a 3 2e0) 1,‘».9 824
H 7eG 245 Sel 6061

1—'-.1{ ﬂ'o} 2eH 1e0 5’}.2




PER DA SEUBSION
Liet Soed Yield

=91

¥ highast seed yicld par unit ares wag recorde:
in the ocrruere slonting treatrent folloved by a steady decline
sg ror WACL, ol tharefore og nicpt competition within the
o, inercued,

she Bizhoeet seced yiceld ner Hlant, however, voe
recor ¢ In Lo nuvrowest row sootlns trcutment at the lowect
seodin: 7 T ¢ sowing prute inereccsd yicld per plunt
decrecced (itlourh the deonression wun zigniflicantly loss

under tiiv s wira slenting than under rou slantinge. This

siinireont ;raction mecant that plantc on the sousre were
subgtunil. (o yizwrlor in seed yilold than the plants in rovs
ot tier A0 ‘n: rate, l.ee vinon carpotition was intonso.
e ghawlr in 2 1e By inereasing couing rote eizht fold,

the geod Lo W0 D000 thou doublod.

ag reletlonchipy bvetwecn sowing rates and yield
hud been mvectizoted by sovercl worlers elsewhere. For
exunple, .ovker et ¢l (1965, dexonctrited that by increscsing
soxing rute ron 12 to 5L Hg/lia nt 35 en row E:p;;.cimv;, the
seed ylold incrocosd from 3455 to L376 ng/ha In
fapereldie, tecch mad viorman (1966) ‘o (term cnd Reech (1905)
notea tLiet cece yield deereeped when pluanting density exeeeded
the estimun levels They concluled thot the optimunm planting
density lor Jdrilled crops was 618,000 plants per hectare
(=30 E'Mm"*) and for rovw orops 307,0% plonts per hectere
(15 ke/he™")s  veterson (1965), in lebragka U.C.A, £180
noted the coproscing eifect on safliover seed yield when he
doubled the Hlonting rote from 13 to 26 seeds per meter rowv.

imilarly the relationship between row spoeing
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end yield cotuilished in this study ic 1n egreement with the
findince of “ceeh (1969), “illionms (49627 and “orker et cl
(1965), wio obscrved that in jenersl yiclds from wide rov

spueings had Leon lower than close=drilied sowings for the

gcunme socding rutes In soybeen too, thc superiority of
narroc oo o cln s had been denonctroted by Ponovan et &l
(1963, <l nn nd Lasdert (1960) and 'ober (1969 ).

iliups (1962), sug-csted that the reduction
in safflover ccod yield in thoe wide rov opuecing woo attributed
to srecter 1Lalru-pouw und less inter=rowv plont competition.
The cuperiority of scuare planting, as shown in the resulte
presented, wvould indicate the irportonce of attempting to
"ermaalize” ond maximise the effecicnt use of the environmentcl
factorse 7hisc competitive sdvantoge of square plonting ic
Lest denonutited by seecd yicld {ronm th: two high esoving
rates (226 ond L8 I’g/ha-1} (Pigure 1) The increose in

cecd nproduction por heectare over thic Llhest ulternctive tirect-—-
ment wes approximately 20 and 50. recpoectively. Thio large
incroase in oceed yleld wae rathor uncxzieccted but V.igzans (192
in hico invoctizotions with saybeon hod denonstreted that
within a given population level, sced yield increased as inter-
row and intra=-row spucinge approcched o uniform (smere)
dictritutlon > ttome.
LeZ  I1old Componentg

Tho components of yield presented in tables
31 end 32 chow the sources of differcnces in seed yield betweon
spacing trestients and between sowing rete studied,

The only component that was significantly
rclated to the treatment differences recorded wes the total
namber of heods per plant and per unit area. llevertheless,

many other corponents of seed yield clso tended to contribute
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to the "¢ cla " affets, clthough such differences were not
stetistic: .. -1 mificant (Tuble 31).

s the signifiicuntly Liigh seed yicld per unit
aret obtcince I'zon the souare trectrents wes the result of
the total nuller ol peed heads produced,. Table 31 shows
thot plonts in tho couare plonting: trectnents produced 503
secd hoodo per retor s uare und 13 heodo per plunt compared
to 360 peed wado per meter scucre cnd 10 heads per plont
frem plants in the 72 em row gpoecing = the lowest sced yileld,
This increese in the total nunber of peed heeads in the
sousre »linting was the direcet result of un inerecase in the
nurber of 4crtlary heads, lowever, in rov spucing trestnentc,
the 72 cx treotrent in poerticular, tix incrcase in intro-rov
plent couctition resulted in the decrecoce in the nmunber of
terticry hwewdoc ond thus aeffecting the total number of sced
heade por wolt srece Cimilar results lhave been rocorded b

111fioe (13300 .

in contrast to the "cpoacing" effects, nuny cecd
sileld compononts contributed simmificantly to the sowing rate
eifocte, Goier and weight of heuds, nurmber and weight of
cecd per lLowd ond seed weight all showed o significant
depression no sowing rote incressed (Toble 32,

Although seed yieléd per plant was superior in
the lavest cowing rate, the roverse was the situation obtaned

on per unit -rea basiss As expected, plonts from low sowing
rate, due to lock of competition, produced significantly high
number of sced hecadse This leck of competition also
influenced th: octher secd components chowing a significunt
increase in thc hoad weight, number and weight of seeds per
heed andé oclso 1000 seed welight as mentioned earlier. Gimiler
findings were reported by Deech and Mormen (1963 and 1966),
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¥nowles (1999, 1958), Yermenos end Froncoise (1963) cond
v11liames (1962 ).

The superiority of the hitiest sowin: roate on
sced 7icld »:r unlt area wus czein loroly due to én increse
in the nuiber of oeed hecds per unit arecs Those seced yield
commonente vIich {rvoured ceed yicld er plant &t the lowest
covdng rote ere not sufficient to coupensute for the gain

on ¢ unit orea buclies {rom an increusced ocoving rate.
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“eon voluen of L Low 0
vield cormonents l 16 | 50 : |
teea yielc I ma™ | ah3h | 4256 3829 1 5199 727
Toe Of ‘iit. _~ ‘otal | L65 LHH 36d 503 2
lioe ©Of hewtlv @5 29 . 238 225 207 222 1S
oe Of hetfc n -~ 30 - 180 193 311, 222 56
Noes of hecds 1. nt ,} ‘ot 13 12 10 13 B
N0e Of neids 11 b _420 | 6 5 5 5 NG
oe Of heals plunt” 30 | 6 6 L 7 NG
Wte Of howd nlant™! (gus)l 2768 2540 2241 28,0 MO
iite head "1 40 | "2.82 2,75 | 2.82 2492 NS
‘te heod ol 22 | 2352 . a.o....6' 2029 20359 ne
vite head "' 30 ~ 1034 132 1449 148 WO
'oe Of oeedc heond 1Tota1 . 29 28 29 | 30 1S
lioe Of sccds lhwad 110 | 32 29 20 32 318
11Ce OF mea? Iiend ,14:.. | 32 31 30 33 13
'0e Of soule hood ' 30 2l 25 25 2
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4o of oeel oo " 10 1.01 Yo7 179 1407
te Of vool Lixid_, 29 telidi | 1632 1637 32 I
te Of Bocd hiond 30 3060 JebHl 3.6-) 0067 :
1000 Seed wicisht Total | U096 ' L1e34 | L3e35 L3440 I
4000 Ceed woisht 10 5692 57600 | 60011 59ehily 11T |
1000 seed velcht 20 4507 U3e12 ' LlLe69 Lie2h 11
100, Leoed veisht 30 23eli1 23462 25053 26400 X
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TABRISE 352
coulng tates

“ecn volueo of L Lovline vatns Yg! z™? B

JiC‘lL' CU.;D‘!‘CH‘[’.S 5'6 {1.:} nr).lL l&LI.S Ry
co@ yinlc E'_J" 1 2€S4 086 LO77 €200 4929
Liow Of Lewlt i, 'obal £B3 S0 5%1 734 72_'
o Of hectéo :.:_:; 20 20 141 234 L7 o
‘0 OFf beodn & © 30 150 164 200 194 1
lloe of hewi.s niant 1"‘01'.&1 20 13 10 i 2 2
M o [PS of houds Jlad.t ‘.&3 7 6 5 1-‘- BC
oe Of hevdo plint 42 6 L z 2
“te OF Iguin virmt™ Total  Ahe7 2746 1Ge3 1245 Ge)
whe hood Lo 1-5 e 1S _.:'.JS 2.71 e A2 O.i
te hni 1 <ol “elt Pel 1y Q3
te Dol 100 1453 122 1 3
Ce O BRLLL | ,-x.;:_:”.‘otbl = 31 26 25 3
0 of ce! : -1 D j?) __:‘r'.' 50 2& e
0. Of Bae:.i v 20 32 30 31 27 3
'lo. Of sBcC > 30 31 20 23 19 4
wte Of seel: Ji: 1 ~otal 23 118 1.05 93? % i)
"%e OF pecCu heud_,10 2e03 1492 1472 W55 26
wte Of BOCGCC .,ua? 120 151 o 66 136 407 316
t. of secds hwad "33 0,86 De 6 Qe 50 D37 Wiy
130C Deed woisht Total LEe16  UhieH5 UL1e13 36N Lo
1000 Seed welght 10 6193 00460 57423 5AHA 1.7
1200 Seed veight 20 46«85 LT7e1h LLe11 3687 A0
1000 Soed welmmt 30 Se91 26Ge10 205 Heliy !

29442




75

e worpeleotion
Tunle 33 wund Tedble 3 showed the relcationship

of the verlious yleld components to ccad yield per plant
end geed yileo por unit wreu (per rctor suure).

"o ohoem in Teble 32, yicid ner plant showed «
otrong e olive corpelation with Loth the number of plunte
and number 0. coced heads per unit arca, In other sorde, tn
incrense in the nmanber of plants per unit area resulted in
smelier irdivioucl plints and recduccd nuiler of seed heads
per »linte wge charaecterigtics would in turn reduce the
seed yicll oo lante

! ricld comporents such ez the number of

seed headc or »l.at, head weight, welght and number of seccc

per tecd i 211 1220 seed welight were 2ll positively correloicod

with sced siciv _er plunt. ' theoe, the nunber of seed
heads ver olint showed the reutcot correlution (r = +0.91).
Thug by inercacing the weight or nunber of any one of these
cusponanto, ortlcularly the murber of seed heads per plant,
would regult in nn increased ceed yield per plaent,

Tiold per unit arez weo pogltively und most
strongly corprclated with mumber of plonts ond number of sced
heads por unlt areeas In other words, the greater the nurber
of plants cnd the number of heads produced per unit ares,
the greuter tho Increuse in seed yiclde Also, the increaesed
seed yleld por unit area resulted in the reduction of several
sources of yield, perticulerly in yileld per plant, nunber
of heads cr lint and hoad weight, Other yield components
(1.0 nunber wnd welght of eeeds per head and 1000 peed
weight) hed little effect on the seed yield per unit area,
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Ao shown in Teble 34, cicilar tronds existed in
the correlotion coefficients of the stusre and 36 em spacing
trectmonto. mlike that of the over: ll correlotion, weisht
per heod hod o eilect on seed yleld per unit wrea in both
theoe spuclny: troatients. Purther, the o uare treutoent
cppesred to hwve stronger correlotion vulues in the various
componcnto cormured to the 36 em gpuelnse

At the lowest sowinz rite (566 E.gf[a-1}, seed
yield »er unlit crea was lorgely tilcctod by the nunmber of ceoed
heado per wlt srea and per plunt end alco the sroed velight

por eule 1o, seed yleld ot both the hishost and lovest

sovuing: role o o ctrongly correlated to seced yileld per plant.
Thisc 1o nol cuosrlsing, since the nurber of plunte per unit

ares wes conoLu 2% in voth treatrentse 7o & legser degree,
head elight hod an influence in ceed yicld per unit aree

in the hilwect ooving rote where competition would be intonce,
but not ct the low seedingr rote. igh number of plants per
unit areca reoculted presuncbly in the production of fewer

seed headc but hecvier headse Thuo the heavier the seed
heads, the hisher would be the yicld Her unit area at very
high secdin: rotos.

Tho correlation coefiicicnts indlcated that
nunber of plants and number of seed heads per unit area werce
largely reoponsible Tor the totel seed yield production in
safflower. Thus, not only the optimun sowing rate (i.e.
plenting density) but also the planting pattern which resultc
in & mexirun nunber of seed heads per unit aree is of utmoct
ipportance 10 noximum seed production is to be achieved.

Lel  3routh and Development
hell  Plent Dry Welght
“lant dry weight increased very elowly over the
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Tirst 7 = 0 weciis then increcsed rapldly during the following
10 woecks to0 rench o poximunm at approziputdy 130 days from
sowing (74« J)s« The intense intro-row plant competition
in the 7. ¢! oy spselng treatment was roeflected in the
substanti:12 lover dry weight of the plants. | The preduction
in »plunt Cr- ¢l it 1n this spacing trectisnt was found to
be ototlictic 1lly cignificant es from 100 duys efter sowing
onwardice Jilo trend was the result of incrcased intraerow
plant corpetition in the later staoge of ~rowthe

In the first & weeks o the rowing period,
there was no oimificant change in dry welght of plants
fron 16 o andd poruare treatnentce. lowever, from approximatel;
10 wecks onvuirds, »lunts dry welght ol tho scuare treatoent
tended to Le lower than that of 10 ci row gpacing but recched
a sinilor noxdimun dry welight ot asproxisately 19 wecko,
from then till the fingl harvest, »lant dry welght in the
scuare trcotient superceded that in the other gpacing trect-
ments, poeslbly due to 1ts competitive advantage.

“he effect of Incrcasing seeding rate end thereby
increccing plont competition resulted in the reduction in piont
dary weirint, 2 1o effect wes evident by the 9th week of
growing period, ’he effect of seeding rate become more
pronounced in thiz later stages of growth owing to greater plont
competition., 4t the final harvest, it eppeared that an eight
fold increase in seeding rete had resulted in epproximately
two=third reduction in plant dry weight,

“eli2  Plont Helght

Plant height showed a sipflar trend to that
of plent dry welizht but reaching & neor maximum earlier -
ebout 90 doys alter sowing (Fige 4)e Plants in the 72 om
spacing treotuont were significantly taller in the later stage
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of grovih. hip was attributed to the increased intre-rovw
corpotition for 1izht in this trectment. Plants from the
souare plantinge treatment were congictently lowest in height
corpuped to the other spacing treatmentse This feature in
plent height currests that uniforn distribution of plants
resulted in lcosening the etiolation cffocte due to a yestriclod
11t Yol

increasing cowing rote rogsulted in an increace
in plunt cishte Thie response 1o cxccted since, the
incroased ceoding rate would result in greater plant
compotiticn for lisht and consequcntly plants from high sowing
rates vould tond to be tallers Jimller finainge were
recorded ., Lorn and Peech (1265).

e b Branching

nostly after the conmrencement of clongetion ot
aebout the 7L 0sx, thare was & rasid development of bLronchos
orising irvi the Orimopy ctem over the next 2 to 5 weeks.
This woo I61lousd Ly a slower incrcase in branching which
continuad Lo Jinnl horvest, It o of interecest to note thaot
the incrcoaze in branching occurred to o rueh grecter extent
in those trecticnto with plants hoaving less compotition, e+
lowest coving rote and souere planting ('ige 11)e A sube
gtanticl incrcase in braenching of plonts from these two
trectments wac largely due to the grecter number of tertiary
brenches produced (table 9).

Lells  Leaf Nuzber

There was a gteady incresse in leaf nunber

in the firet 7 weeks of growth followed by & rapid leaf
developrent re:iching a maximum at epproximstely 12 weeks
after souin; {.'1z. 4)s From this point there wa: a sharp
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drop in leaf nurber over the next 2 to 5 weeks followed Ly &
more crofunl declines Agoin, plantes in the 72 em row
spaecin: troctnent reflected the ef{ect of intense intra=-rov
plant corpotition, consecuently their leaf number was very
rmach seduecd,

The effect of inercacins secding rate vweos
the mdéuction in leaf munber, At the hichest sowing rate
(LoD 5;312;1"1), leof number per plont rouched the meximum
about 2 we ks carlier then those of other seeding rate
trectmontc, orn and Deech (19€5) rceorded 2 similar responce
of leal nurtern zor plant as affected Ly different planting
density.

elid  Flowering

cota on the nagber of days to 50, und 90-
flouerin: .2 ococnted in Tsebles 4 «nd 5, The effect of

i |

ineraucing lunt coppetition, eitlior through spacing or
seeding ratec, vwas to delay flowering, Doubling the secding
rate eppenmd to delay flowerins hy anproximotely 4 day, dbut
chnnzine 4ho rov spoeing and increacing Aintra-row plant
commotition Jelnyed Tlowerins by up %0 5 dayse.

“rom dnte obtained in this study, both row
spacin: and! powing rete effected the rowth and developuent
of sufflovier, At the scme sowing rate, it appeared that
narrow’ rowy gpacing end scuars planting resulted in bigger
plants with o greater number of leaves and branches and also
earlier {loverinze As far as growth and development is
concerned, the only positive trend in plant cheracter f{rom
wide rou opoeing was the inercase in height,.

The main effect of increasing seeding rate
(.. plonting donsity), was the reduction in plant size,
its ascocictod foatures (l.e. fewer Lranches and leaves), and
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thl deleoy in Tlowering.

'eli6  leaf irea

‘aol arcs per plant sccumilated ronidly over
the cerly ~oroth stoge (ll.ce fren the 7th week onverds),
recehing sool veluee at the suine time s 50 flovering,
gnoproxircicly 85 = 70 duys efter zxwinse This was then
folloyed %y, - rrpid ceeline in loof cren inclicating the
reduction ol »v> 2tatlve grovith and cloo leal senesconce.
Plantes o0 I acerow row spacing hud superlior leafl area
pro@uction i are simificantly greater at the 4th, 5th ad
6th somplinrca yievapr, towards the later part of growth,
.60 opproxin £y 120 days after sowing, difiercneces in leod
crea beticon ouneling treatuents disappeared,

A8 epected, cowing differences in lesaf arec
sroduetion wore lomae, with plinte in the lowest sowlng rate
tennt-ant Lovin: slirest four tive:r cg pueh 1leoef cres &s thooe
of the hi cnt coning rite. &£lmo, s observed in les?f
mrhere, nloate in the hicheat aorings rate treatient attcined
thedir nnect =n Tun about ? weoeks o:rlicr tlhich thove of ti:e
remainine treatonts

L% Ty 4 Srowv Anelvels

Crop pgrowth rotec and pnotosynthetic
rates reported in this discuscion are bosed upon the welght
of above Jround parts and therefore undcerestimate the total
plent rerctiom. Jor true rate, underground parts, 1.8, rooto,
basal ster ? sreelse methods for measuring gaseous exchange,
light and tcmpprature should be included in calculcting these
retes,  Thue Cata presented here nay only represent the groso
values of theoe rates.

Crop growth retes (CGR) resched meximunm
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values ¢t (0 cotinntiy one week before 50¢ flovering

(approziv tels 1 wesks from sowiny), oxcept that of 18 em

row opcein; ‘mir4mnt which sttoinod its peoak valie earliers
flowever, ~77 (aclined sharply by the tine the crop raached

YL Tlowerin g, sortieularly those ol high sowing rates nd
wide rorr o uoin s, vhare plant emanctifion wos severss “hie
Wag Shien Tollo.eé by o relatively soull increase in CGR walueo
in cll treatronde emd a further declino toverds the later

noart of the oving serind, i.c. aprroximately 145 duys after
sosing (Pice 7).

"ho loe volues of 07 pecegi-ded in vll treaetmentso
at 90 Tioverin: (eporoximately 14 weoks), nay hove been due
to the cnvrironreatel corndltions at the times Around this
period of roth there wez 1little or no rainfall which ndght
wvell Liwve rooilted in ¢ woloturs clreos, ocad aleo & poductian
in 1isht drtanndtr (Panendlx 20 vhdeh ooy lsve lfected the
phctosrnt otie »utese 65 grown in Lhe high csowing rete end
mide rov et treatnente, wvhere plint cocpetitiom ves
intensn, 41 ~nction wer ceocerdbunted,

11izht inercase in 20R from this stage
probably vre ‘rvilectlve of & €ecrec of plant recovery with
imoroved (ol ture confitionc. Further ceocline of CUR was
expected tocouse itc compoments lewf aresa index (LAI) and net
zaeirilotion ratee (NAR) sloo chowed = Jdecline, This tremd
vep o refloction of the decline in the net photogynthesic
ectivity reculting from reduced light intensity and temperature
es the seeson progressed (ippemdix 2), on incresse in grein
developrent cnd U1llding ocnd the genceaccence of the leaves.
Consequently CG2 deelined rathor rapidly over the final 30
days to horvest,

There was no significant differsnce in CGR valucc
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of gpaeins Lr %oantn excent in the last sampling, Hovever,
it 1g intercctin: to note the munerior COR values of the
porare pLinting durinz the irmortont flowering nd early grain
derelonrent Horind (00 « 120 days).  Moth TATI and NAR wvalues
chomn? ototistienlly sipnificant éiflercnee hetween spucing
tncctments 0aly ot S0 seaplings Armedicstely rprior to 504
PLyrerinc.  Tiwrow roy snneing ochoued hicher velues than the
roron o o Uhore there vies intemse intrrerow comnetition.
rovepthelons, 10 io of interent to note tholt values in the
sourre 1intin showed ¢ nore crofiucl) 2ocline than the other
epecing tr2ctmente {Tics.e 6 o Q) Tho superior LAY lewvel
of the norror o7 spacinz wes clso suprnortold by the relatively
Adph 1415 insnareention moeonded in this trectment (Table 3).

Imificnt coulns rate ¢iffercnees in COR

VuIREL J2xad an S0 00 . DNoepin: and ot 4he Pinal
6 L S T L hitept sowinge rate trestrent was
sicnifici .0 tar Doe 30t o tho groting secson but in
$ha loter o4 v, O of thelovnet ooing rate wag clesrly

-~

cunovian, “ i Loten tvond was nrohtbly Aue to the laek of
corpotitiam in e lovest cowins rote trectment, where »lont
arowth wes rhls to comtinue longar ¢hien thoge of other

treatnentc, TATI ghowed vathor oinilar trends ac COR bdut
the roveroe vos seon in that of HAR = 4ho hizhest soving raote
4endod to Lirve 4he lowest NAR cormrre” Yo the other sowing
rete trectrents, The superior L.J rceorded at the highest
sowing rute wung gein elearly rcflocted in the high light
interception measured in this treatment.

Orowth resronse bhased unon rezlative growth
rates (ROR) and 1%s compomonts show much the same effeocts 6o
mentioned shove, The trends in RGT wers aimiler 4in both row
gpecinz 'nd nouing rate treataents, Thore was a sharp increcce



in RGR in the 6 to 7 weoks reaching its moximum values by

the B8th weelr of rovthe Fronm then on 737 declined with
tice. The rotes of deeline in time vere ullike for spselng
and gowirn: trootments (Fige &) 4lpc, the differences in
meun 200 for ¢ll trectroents were not cimificant but it
sppeared thut low RGR wes associoted with wide row spaecing (ix
high sowing rate (l.ee high planting density).

oul ares rotio (il chowed similer trende

to that L Ve ‘his trend was cloo alike for both sgpueing
and cowin, -0 t-entse lowever, L R vuluece of sowing rate
differencer . o gbatistically siymificant in samples 4, 5
and 7.

ork on growth cnalyeis of thic crop is not
avuiloble v therefore it is difTicult to compure the
{indinge of thils study with those of other workerse Cince
extensive Litoroture on srowth unalysis of soybean is avail bio,
an atterpt ic (ude to compare some of the findings with thoce
of soybern. T, NAR ond LAR of soybean declined slmost
lineerly witl. time (Tuttery 1969, 1970). ilouever, in this
safflover stuwly, these srowth enclyclc components showed ¢
rapld initiczl iner. ase durin; the {iret 7 weeks before starti:
to decline with time (I'igse 7, 8 und 9)s This trend in
safflover prowth curves may be attributed to its pecullar grorih
patterns for example, after emcriecnce, safflower seedlings
tend to roovin in the rosette stoge for varying periods depending
on the enviconmontal conditions (Deech 1969), Knowles (1955,
1958), Utern «nd TJeech (1965) and Veles (1971), followed by =
rapid elongntion of the reproductive sten to flowering. In
this study safilower secdlinge remained in this rosette stoge
for approximutely 5 to 6 weeks with 1ittle evidence of growth
activity except in the relatively prostrote leaf development,
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Thus, as illustroted in LAR, st thic otige leaf area producticn
wee guperior to the accummulation of dry nuttere Consecuently
the values of Ul and VR were uleo nllected. However, ag
plante clong ted and branching developed after the 7 to 8 weelic
of crowth, tho recoonse of RGH, AR cnd L/R was much 1like thooe
of eoyue:iie ‘v oxample, by compoering RGP and plant height
(Figce ¢ ' . 1% can be seen that 2¢N reached a peak (as

aid L ) just o the plant wes comrencing to elongate.
Thereafter {ooe components of growth response showed & rapid
decline it cibseuent plant development as found in other
Cropoe

G2 of saffiower was cimilar to thut of coybean
but creatlyr nccelerated after the rocctte stage,

Jorvest index (111) woas ineluded in growth
anodyois diccuonion by some workerc cuch us Danild (1962)

HI for vuriour troatments wre shown in J.lle 35. Theose
indices refloet the efficlioney of plurts t¢ produce scedge.
There appeured to be 1ittle affect of rov spacing treatnentc
on the eflicioncy of plunts to produce sccdse lHowever, in
the souing: rate treatments, the tuo interiwdiate sowing
ratee coperred Lo have a gignificantly greonter efficiency in
eeed procuctione The HI wvalues in this study were high
compurec . lt. those obtuined by Stern and Peech (1965), 1.6+
Oe13 = Deil1. licvertheless, these high HI values were
reflected in the correspondingly high seed yield obtained in
this study,

Lecording to Peech and Norman (1963), HI values
of safflower were susceptible to delayed planting and plant
densities cbove optimal, It cppecred that both these factors
tend to reduce I guite considerably.



iable 2O _~+teet of row spocincs ond sowing rotes

on larvegt Index (LI

Row widtgﬁn_ : Row width
LB | .
16 | 2631 | 052 0e51 | Oelily 050
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rute e : % STRE RIS '
551 0e00 ~Titeraction 7 TAD T - =
vidence from ;roith corponents 1.0e 1R,
HAR, 1.1 'z .. ! showed 1ittle support of tholr relationshipc

with higl cccd yield as far es rou gpoacing treatments werce
concerned. 2oounably other factors were more important
in sehicvin: (wkluum seed yicld ee.ge number of heads per plant
end per unit urea.

liovertheless, in sowing rote treatments, the
relationship between LAI and high sced yileld wes evident
but other grovth components showed no such relationships.
It secned thot other fectors were clso involved in achieving
higher speed yicld in theee treatmente. Sowing rate treatoent
with the highest seed yleld was precumebly due to the number
of plonts per unit earea.

v/ith regerds to yield, it may be of interest
to note the role of bees in assisting pollinotion. Gafflower
is besienlly self - not wind - pollinating, but bees and
other Insccto are required for optimum fertilization and
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moximz ylelds. (Levin et a2l 1967; levin asnd Butler 1966;
Rubis 1940)e In thic experiment cure wues talien to ensure that
tn aderucte nopulation of bees wuc precent by placing one hive
imedictely adjocent to the arean, It 1s fclt this muy hove
beon « rojor Tretor in achievins hish fertilization und higl
ceod yicldo,

- Y . T ey & Lt £
LeB oo CORIPONIIRS

liedther plent opoein; nor so.ing rcte had
any oimnillicint effect on seed molicture ¢nd seed vicbility
(Tubles 26 (a8 27 e

Jbviously of mcjor imortince ic the level
of oil content in the secde In thic cxperiment oil percent: ¢
rorged Sro. only 26 - 285 seeonding to trectaent but without
simificint I 'Zeroneces bein: rocordod (Tudble 28)e The urucl
range of oli ¢ ontont 4o from 25 to 40 (.eise 1971)e Thus
the ol1l cor. ul obluined wppecred tc be that of the lover
level ouvin tu “he seed line used, Apparently these sced
companentc wers reletively independent ond unaffected by the
treatmentc itposed in gpite of the very contrasting degrees
of compctiiion. ‘loevertheless, other workors had recorded
thi deprecoing effects of widerespaced plunts cnd high
dencity on oil content (Willicms 1962; Peterson 1065). In
his invogtizction, erson (1965) obtuined reduction of oil
content Iron 37 to 33,5% as population increased from 71 to
318 plantsc per ceter scuare. By compurison in the current
investigation plont density from 12 to 100 plants per meter
sJusre,

The quality of oll obtuined was shown to be
high ané in Xecoping with other reports on safflower (Applewhitc
19663 ‘eico 1971)e linoleic acid, the desired frection,
appeared to e little affected Ly plunt competition, From
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the vroduction ctandpoint it would therefore appear that
the mujor considercation should be contred on echieving
noxdman pecd yleld per hoctare cnd oil content rather than

©

concerm .oy oil composition.

Lint competition had been the major fuctor
affecting Ui+ 7 rious treatmonts but it is difficult to
determine 7!: o...ct nature oi this compotition cither for
nutriente, oi ture or light. iiowever, 1t appeared that
1ight interccotion may have been u eritical factor (Tedle 3)
in this invectigatione The effect ol the other tvo
factors, l.c. mitrients ond moisture in plant competition
vas not clear .lthough moisture stress appeared to have talen
place at core otoge of the plant growth (Appendix 2).

This vorononic opoet of safflower obviously needs {urther

resaurch wwer controlled environrntul conditionc.
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Appencix {. Experiment al Layout
(a) Split-plot Design
¥ain plot: Row spacing
Sub=-plot: Oowing rate
Four row spaeings are 18, 36, 72 cm.
square planting. (SQ).
Four sowing rates are 1, 2, 3, 4
corresponding to 5.6, 11.2, 22.4, LL4.&
Kg ga~! respectively.
(v) Intra-row plant spacing at different sowinz
rates. (em).
now unueing Sowing Rates
{en) 1 2 3 L
18 45.7 22.8 114 Se7
36 22.8 114 Se7 2.8
72 11«4 5«7 2.8 14
3Q 28,5 20,2 14.2 10,14
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Seed Yield iz ha

1

now Spaeing (cm) 18 36 72 SP Mean
cowing rate ({2 na™hy
566 3154 2741 2450 2792 2699
11.2 3563 3335 32714 3€53 3686
224 L5606 4719 4500 57253 LoeT77
L8 6055, 5725 5394 8627 6200
LeD. 727 L3l 4526 3829 5166 SD. 499

Interactlion LSD,.

882




Appendix iie
Teble As Totel umber of ilesds per m°

Row Width Sowing Rete Kg/he R - Meen
(cms) 5¢6 112 2244 Lie8
16 28L 350 550 675 465
36 231 351 5G0 600 465
72 212 275 362 625 368
' 284 350 552 825 503
SR-lean 253 326 491 731 LSD:72
D72 Interaction:NS
Table B: Nu r of Sec leads r -
56 1162 2244  LU4e8
18 103 150 250 L50 238
36 81 144 250 425 225
72 84 119 200 L25 207
SQ 93 150 237 450 252
SR-lean 90 141 234 L37 LED NS
ISD :50 Interaction NS

Tsble C: Number of Tertiary jieads per m°

228 1122 2204 Lkl
18 169 175 250 125 180
36 137 162 200 275 193
72 115 131 112 100 114
87 178 175 275 275 222
SR~lean 150 161 209 194 L8D:56
LSDgNS Interaction:NS
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Appendix 5.
cefflower 01l
Fatty Acids Composition.
Palmnitie Stearic Dledc Linoleic
18«cm 1 1045 39 13.5 7241
2 Te6 241 946 80,7
3 Te2 2.9 960 80,9
4 6.8 265 8e0 8247
36"0!1 1 6.5 2.0 905 81.7
2 TeT 1.9 9.6 80,8
5 1063 Je2 131 T3l
Se7 146 6ol 8243
T2=-cm 1 11,2 345 1345 T71.8
2 645 21 8.8 82.6
3 6.2 1.9 8.6 83.3
4 76 2.8 10.5 78.8
8Q. 1 Gely 1.9 79 83.9
2 Gels 1.9 Te5 84,2
3 6.9 22 8,2 82.7
4 8.7 3e1 11.1 TTe1




Appendix 61

vedsht Per Plant

Fasn Bcuare

Source df' Heyveasts 1 2 3 L 5 6 7 8

Main plota:

Row Width (A) i 0el15 NO 0el42 783 Le83 N3 12,73 K5 7973 13 422.93%® 403,84+ 382,11

Replications i 065 155 Cel9 Be39 Qe D2 6Le73 1877 317.60

Main plot arrarr _§ 0,07 0430 1550 21451 32410 1572 32.76 56e 14

Total 15

Sub=plots:

Bm rats (B) 5 OCaOl} NME Q17 IS 1327 B8LE3M T2, b Rl 965-7:1"* 371606‘4’7’. 491550
AxB ¢ Oel5 IE 0016 N3 2,19 NE  Ue06 NS 26419 18 21,93 N8 77.68¢* 58,68 No

Sub=plot error i Ge09 De15 Se37 10.12 1 3e62 20,08 32435 46.97

Grand tot=l 63




Anelrsip of Variance of Plant Faioht

df Hervests 2

Hean Sguone
- 4 5 6

Main plots:

Row width (A)
Replications
Main plot error
Total

Sowing rate (B)
AXxB

Subeplot error

Grand total

3
3
- |
B

& o w

48.38 N8

15949
27.68

36458*
16.67 ns
.21

Wed( U3 126,30 NS 4691.850 NE  10LL4.17 76.04*

157.86 1463.02 2045.,98 W8 1251.68
52.85 37041 1060465 854410

41.94 N5 421.32 NS 742,34 HS 1588.05 N8 L39.12%
20.73 N8 205,80 NS  1288,19 B8 636.38 NS
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Appendix §

Mean Sguare

Source df Harvests 4 2 3 4 5 6 7
Main plots:
Row wWidth (A) 3 2.85 NS 10.12 NS 942.29 W8 545,052% l7.04** 615,45+ 722.43 N8
Replications 3 3.18 5312 11.87 21.80 192.04 1576.14 581.89
Nain plot error _9 1.09 10.16 651.83 54.09 9647 150.26 451.00
Total 15
Sub=-plotss
Sowing rate (B) 3 127 B8 9466 NS 297.70 N8 136,76 NS 6508,87*+% 4225.55%¢ 5177.59%#

AXB 9 0.72 N8 11 .87 NS 373.44 N8 '“:77 S 9T 47%¢ 23157 N8 9060@ N8
Sub-plot error 36 0.99 6.18 37347 82.52 123.35  233.79 782.90
Grand total 63
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Apadysis of Vepluance of Leaf irecp Index (LAI)

Hource

af Harvests 1

Mean Hounro
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dppendix 12. : iz of Variznece of Relative irowrth Rete (RAR)

tiean { uipe

Source df Hervests 1/2 2/3 742 &5 5/6 &7
Hain plot:
Row width (/) 3 1912 1L 499610 I 22776 0 L1935 T 2645 NS 2643 RS
Replications 3 131.01 1465402 11551 1516 20e33 568
Main plot error _9 85423 825406 253¢34 108619 11e 76 1456
Total 15

Sub=-plot:

Sowing rate (B) 2318 13 537.60 KU 76001 130 220618 S 104,12 10 2472 08

AXB 60,581 18 263481 NS 264,96 I 15423 N Gel13 TE 0a77 RS
Sub=-plot orror 5728 75914 258437 32«6} lie92 ce82
Grand totul




Appepddx 1
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poomtrs 14

3—4—-'-»-‘-

Lource =wests

. O

vopriance of Leaf Agyoa iolil

o

Hain nlot:

Row widash (.Y 3
Neolications
wodn nlot error 2

Total 5

Sub=-plot
soving rate (B 3
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Subeplot error 0
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Source ag (&) Burvest Index (u) ‘eed Yielc ier Plunt (gm)

2ain plot:
Row width (1) 3 0.01 NS 36s37*
Replicctlions 3 005 3.18
Kain plot error 9 0e01 7«89
Toteal 15

Subeplot:
Sowing vate (B) 3 De0G¥= 817.57%%

AXDB g JeGt i 1cel7 WO

Sub=-pliot error 36 0.01 1264
Grand total 63
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Appenddx 16

Ansiyels of Varisnes of

lean SguaIe
Sourceo af Hearvests 3 I 5 & 7 8
luin plot:
Row width (A) 3 T+40 K& 12445 NS 23,34 K& 10.93% 21.512= L3eSL#*
Replicetions b 310 2«00 4705 2468 130 379
Kein plot error _9 197 726 5l 0l Le52 2459 516
Total 15
Sub=-plot:
Sowing rate (B) 3 32,854 81.79%¢ 271, 39%% 130,89¢% 177762 504.,95%#
AXDB 9 1«78 15 300 EK&8 5548 R& 284 WO e3% RB 550 NS
Sub=-plot error x 212 5623 5736 2602 beltt 9e47
Grend fotal <3
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“tirthew nf Henda

Anialyvsis of Variunce of the Mot
Gecondory and Tertisry Heads "er Plont

Appendiz 17:
Yean Oguara
Tertiary

Jource af ZTotzl Jaeordray
Veln plot:
now wioth (A) 2 42,05% 21,09 g 25.18%
Replicutions . 3480 12655 243
Nein plot error 2 Se21 11.62 2034
Total 15
Sub=plot:
Sowing rate (B) 3 502426*% 24080 1 2954 35%%
AXD 9 Be58 M 157 1% Se70 NE
Sub-plot error £ a8 15638 573
&

Grand tolad

Liv



inalysis Veriance of Total Number of Heads

Secondary and Tertlary leads on Per later Square Basis

Mean OSqusre

Source df Total Secondory Tertiary

Yain plot:
Row width (A) 3 54078.80% 736023425 i L7554 73%%
Replicetions 3 602539 661377142 511472
¥ain plot error _9 8222454 66467550 1858456
Total 15

Gub=plot:
onin: rote (B) 3 7205640120 % 68183L4. 12 Mo 12358.60 13

%3 9 9090,61 NS 676135425 1S 8818.99 N8

Jub=-nlot error ﬁ 10103.40 69721083 57Thule11
Grend total 63
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: Six §S Avals of Varispes of Totel Jigsd ¥ %te-“ »)and

Source ar Totel Prinary weeonisry Teirtiery

Rain plot:
Row wldtn (i) 3 2122k 13 0e09 NS De04 NS Cet0 88
Replicitimme 3 41.29 O 446 De15 SeO7
Bain plot ssrer _9 698 Qe29 e16 Cet2
Total 15

Sub=plieot:
Sowin: rete (B) 3 28684517 2e05% 20290 3e23¢*

AZHE 9 2699 N 19 RS Tet% 1S Q17 13

Sub~gclot errer 36 9193 De22 Ga1t Q13
orand total 63
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Source ar Primary Secondary Tertiary

Maln plot:
Row wicth (&) 3 23eT> KRS 2le15 1S 29+57 RS
Replications 3 L6e 75 Se 66 4507
Main plot error 3 68440 2587 1166
Total 15

Sub~plot:
Sowing rate (B) 3 6430 NS 24he 75 633.20%%

AXB 9 22438 WS 16420 1S 50674 NS

Sub~plot error 36 58493 22.4% 39.832
Grand total 63
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Azoendldx 4:

Lource

A N e

Vein plot:
Row width (1)
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licin plot
Total
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Jube=plot ¢
Sowlng roate (1)
A=xD
Jub=rlot erros
Orand total

i

acdysis of Verdence of Ueed (eight per Pripory, UeG Te

N
A

Colnory
0«06 15

De26
Je 17

,'J.S?n:'
Ue 10) 115
Celf

O . o T L =

D005

06 06

Do

0

&

e

e

i

Tertiary

O 1S
Oe 01
De03

DeB7%®
0.0h 1
Ne Ol




hependix op:
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e

.nalysle of Vurience of lUuygc to 50 and 99. 'lowering

Jean Touore

L. ouree art 50, Mlowsring 20, Flowering
‘ein plot
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