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ABSTRACT

Some effects of three safflower varieties, Gila, a 
common commercial variety with normal branching and orange 
flowers, A8254 a continuous branching line and yellow 
flowers, and A11258-1 the original continuous branching 
mutant and four mixtures (80% Gilas 20% A8254, 6.0% Gilas40% 
A8254, 40% Gilas60% A8254, 20% Gila:80% A8254) each at four 
plant spacings (3, 6, 12, and 20 plants per foot) on the 
yield and other attributes of safflower were studied at 
Marana, Arizona, 1966.

Total yield, hull percentage, seed oil percentage, 
and bushel weight of the different mixtures were within the 
range of Gila and A8254.

The wide planting resulted in higher seed, seed oil 
content and bushel weight,

Forty per cent 6Gila proved^to be the best among all 
the variety mixtures in the yield components. Heavier 
seed, a larger number of heads, primary branches, secondary 
branches, and tertiary branches per plant resulted from 
wide planting. The close planting resulted in earlier 
total flowering and taller plants.

In plant competition, Gila dominated the different 
mixtures, was better in mixture than alone and was a

x



competitive aggressor on A8254. The season was short for 
A8254 as it flowers over a longer period than Gila.



INTRODUCTION

Pure varieties are usually the objective of most 
crop improvement programs. Research in some crops such as 
oats (5) has shown a yield advantage in use of variety 
mixture.

Commercial varieties of safflower (Carthamus 
tinctorius L.) grown in the United States are essentially 
pure line varieties but with some residual heterogeneity as 
they have been bulked in the or generation (23, 50). 
Preliminary unpublished work at the Arizona Agricultural 
Experiment Station on safflower variety mixtures, in which 
Gila has been mixed with a mutant type called "continuous" 
or "extra" branching has resulted in increased yields.

This study was concerned with varying the per
centage of each branching type in the mixture and varying 
plant spacing to determine an optimum for highest yields; 
and a study of the various yield components to determine 
how the varieties react under these different conditions.

1



REVIEW OF LITERATURE

Variety Mixture

Safflower
In a variety mixture trial at Arizona Agricultural 

Experiment Station, Mesa Branch, in 1963-64, Gila and 
12417 were planted in varying proportions. Variety 12417 
branched more than Gila and flowered over a longer period; 
the mixtures included Gila alone, 12417 alone, 20% Gila;80% 
12417, 25% Gila;75% 12417, and 50% Gila;50% 12417; the 50% 
Gila;50% 12417 yielded the most.

Other Crops
Competition between cereal plants has been studied 

in various ways. Garden (8) has shown that grain crop 
mixtures under irrigated conditions in Montana produced 
smaller grain or forage yields than when the same crops 
were grown separately. Klages (32) reported yields for 
three stem rust susceptible wheat varieties grown in 
individual mixtures of different percentage composition 
with the stem rust resistant variety Mindum in a season 
when stem rust was severe. The yields of Mindum in the

1. Gilbert, N. W., and D . G. Loranee. 1964.
Annual report, Oilseed and Industrial Crops Research Branch, 
Mesa, Arizona, pp. 22-25.

2



3
various mixtures were in direct relationship to the stem 
rust damage to the susceptible varieties.

Laude and Swanson (35), using winter wheat, 
reported cumulative changes in mixtures of Kanred with 
Harvest Queen and with Currell at two locations over a 
nine-year period. Kanred, the better adapted variety, 
dominated all mixtures after nine years. This was attrib
uted to survival of more Kanred plants in competition and 
to production of more seeds per plant.

Barley variety mixtures were tested extensively by 
Harlan and Martini (25). In experiments with a mixture of 
11 varieties of barley grown for four to twelve years at 
ten stations, they found evidence of early aggressiveness 
and increasing dominance of the local commercial type at 
certain stations, particularly Moro, Oregon, and Moccasin, 
Montana. However, at Ithaca, New York, and St. Paul, 
Minnesota, the locally grown commercial variety in the 
mixture was depressed and varieties not grown in those 
localities dominated the mixture after a time.

Suneson and Wiebe (60) concluded that the high 
yielding and widely adapted varieties of Vaughn barley and 
Ramona wheat were poor competitors in mixtures with other 
varieties having slightly lower individual yields. A 
mixture of four similarly adapted barley varieties grown 
for 16 years brought practical extinction for two of the 
component varieties (59). One of these had a significantly
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better yield and leaf disease record than any of the others 
when grown in pure stands. The variety which ultimately 
dominated the mixture had the poorest leaf disease record 
and a mean yield below the median for the component 
varieties.

Although corn is an extremely important crop and 
offers many advantages as an experimental material, very 
little work has been reported on the performance of hybrid 
mixtures. Stringfield (58) planted 42 pairs of corn hybrids 
separately and as two-hybrid mixtures in three tests. He 
failed to show any significant yield advantage in planting 
the mixtures. Pendleton (45) observed a yield reduction in 
mixing normal and dwarf corn. Funk and Anderson (22) 
reported that blending of two or more corn hybrids, either 
in the same hill, in alternate hills or in alternate rows 
did not appear to increase grain yields over the mean of 
the component hybrids grown separately. Hybrids showed 
considerable differences in competitive ability, and the 
actual contribution of the individual components of a 
mixture differed widely from what would be expected on the 
basis of their yields in pure stands. An initial seedling 
advantage due to differences in planting date greatly 
increased competitive advantage in a mixture. Blending 
corn hybrids was found to increase yield stability with a 
decrease in the variety X location interaction.
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Probst (48) using variety blends in soybeans, in 

the absence of diseases, found that in general the blends 
were not superior in yield to the highest yielding variety 
in a blend, but had a stabilizing effect on variety X year 
interactions. The latest maturing variety in the blend 
averaged 0.2 to 2.7 days earlier than the same variety in 
pure culture. Lodging of a blend was similar to the most 
lodging-susceptible variety in the blend.

Hinson and Hanson (26) reported that four soybean 
varieties were ^rown in pure stands and in three mixtures 
at within-row spacings of 2, 4, 8, 16, and 32 inches to 
study the effects of spacings and competition on the dif
ferent attributes. They concluded that the mean performance 
of mixtures and the components of mixtures grown in pure 
stands were essentially the same.

Intra-varietal diversification in oats was proposed 
by Jensen (30) on the theoretical grounds that multiline 
varieties should possess broader protection against 
diseases and have broader adaptation than single line 
varieties. He suggested oopabining a number of lines 
similar in height, maturity, and appearance but differing 
in certain genetic factors, especially resistance to 
diseases. He reported combinations of six oat varieties 
in pairs and all together. Yields of these mixtures were 
generally similar but not statistically superior to the 
average of the varieties when grown separately.
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Standing ability and yield of six varieties of oats 

and equal blends of the six, in all combinations of two at 
a time, were compared for four years by Patterson et al. 
(43). Variety blends were somewhat superior in standing 
ability but not in yield. Differences in maturity and 
height were not more important than other genotypic differ
ences in contributing to the better standing of blends.

Browning (5) reported that yield of the blend of 
Glintland and Mo. 0-205 oats exceeded the mean of the two 
varieties grown in pure stands during an epidemic of Race 7 
of stem rust, to which Mo. 0-205 is resistant and Clintland 
susceptible. Less rust developed on Clintland plants in 
the blend than in pure stands. In one year, the stiff- 
strawed Clintland supported the higher yielding but weak- 
strawed Mo. 0-205 variety.

Frankel (21), of New Zealand, mixed the high- 
yielding, but poor quality wheat variety Tucson with certain 
hybrid strains derived from it which were inferior in yield 
but of superior quality. The Tucson variety yielded better 
in mixed than in pure stands, whereas the hybrid strains 
yielded less. The yields of the mixtures corresponded to 
the average yields of the components of the mixture when 
these were grown in pure stands.
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Plant Spacing

Safflower Under Irrigation
The effect of plant spacing on yield and other 

characters of safflower have been studied by a number of 
workers. Shaw (51) stated that satisfactory yields of 
seed may be obtained with a row spacing of 40 inches and 
15 plants per foot of row.

Six varieties of safflower were tested for their 
potential commercial performance in three different row 
spacings.^ The varieties include: N-6, N-8, N-10, N-852,
W.O. 13, and W.O. 14; the row spacings were 6, 12, and 18 
inches. N-6 and N-10 were the two highest yielding 
varieties according to this test, although N-10 would 
probably be preferred commercially because of its higher 
oil content. There was no significant difference in 
yields because of different row spacings. The 18-inch 
spacing would probably be preferred commercially to permit 
one or two cultivations while the safflower was small, 
especially if weeds were a problem.

Methods of planting were tested at Mesa, Arizona,
21956-57, in which two varieties (N-10 and N-6) were

1. Gilbert, N. W., and D. D . Rubis. 1953. Annual
report, Oilseed and Industrial Crops Research Branch, Mesa, 
Arizona, pp. 120-122.

2. Gilbert, N . W., D . D . Rubis, and D. S. Black. 
1957. Annual report, Oilseed and Industrial Crops Research 
Branch, Mesa, Arizona, pp. 73-76.
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planted using four different row spacings (40-inch rows,
30-inch rows, 2 rows on 40-inch special vegetable beds and 
drilled [6 inches]). No significant differences were found 
in varieties, spacings or interaction. Results from this 
experiment indicated that under these conditions, safflower 
could be planted up to nearly 40-inch row spacings without 
reducing yields.

In a date of planting-spacing trial conducted at 
Arizona Agricultural Experiment Station, Mesa Branch, 
1959-60, where the dates of planting were November 20, 
January 22, and February 12, varieties, Gila, and U.S. 10, 
and spacing of 1, 2, 5, 7, 9, 13, 17, 21, and 25 plants per 
foot of row were used. There were highly significant dif
ferences in yield between dates of planting with the later 
dates decreasing in yield. There was no significant 
difference in yield between the varieties, while the 
spacings were highly significant. Data from this trial 
indicated that planting date was quite important and that 
in an early planting, a thin stand (1 plant per foot of 30- 
inch row) may be better than reseeding. Higher seeding 
rates in early plantings (13-25 plants per foot) may cause 
lodging, but higher seeding rates in the late plantings are 
desirable.

1. Loranee, D . G., D . S. Black, and N. W. Gilbert. 
1960. Annual report, Oilseed and Industrial Crops Research 
Branch, Mesa, Arizona. pp. 101-108.
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In a date of planting-plant population test also 

conducted at Mesa, Arizona, 1960-61, Gila was planted at 
eight rates of seeding, 1, 2, 4, 8, 12, 16, 24, and 32 
plants per foot on each of two dates, December 22 and 
January 20. Early planting with eight plants per foot 
yielded the most.

Dennis and Rubis (19) recommended that safflower in 
Arizona be grown in rows 20 to 40 inches apart, and planted 
at the rate of 20 to 35 pounds per acre, to obtain a stand 
of at least 12 plants per foot of row.

In a seeding date, rate and plant spacing study
2with safflower, Knowles et'al. reported that the wider the 

plant spacing within the row over eight inches, the greater 
the branching habit and the less the uniformity of crop 
maturity because of the irregular blossoming of the later 
branches. Knowles and Miller (33) recommended that a 
satisfactory stand for safflower grown in rows should 
average five to twelve plants per foot of row in rows 18 
to 28 inches apart.

1. Loranee, D . G., D. S. Black, and N. W. Gilbert. 
1961. Annual report, Oilseed and Industrial Crops Research 
Branch, Mesa, Arizona. pp. 70-75.

2. Knowles, P. F., El Saed El Saed, and M. D. 
Miller. 1961. Seeding dates, rates and plant spacing. 
University of California, Davis. Agronomy Notes. pp. 4-5.
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Pomeroy and Knowles, planted the safflower variety 

U.S. 10 at 12 and 24 lbs. per acre, and found that the 
lighter seeding rate gave a slight, but significant, 
increase in yield. Knowles and Miller (34) found that 
safflower yields did not vary much over a relatively wide 
range of seeding rates and row spacings, the plants of the 
thicker stands had thinner stems and were easier to thresh.

Williams (63), using safflower varieties N-6 and 
N-10 which have different growth habits, compared them in 
four plant spacings of 1, 7, 13, and 19 inches with rows 
spaced 40 inches apart. He showed that the average oil 
content of seed from each head position decreased signifi
cantly as plant spacing increased.

Claassen and Hoffman (10) observed that the most 
satisfactory method of planting safflower on irrigated land 
had been in cultivated rows 20 to 24 inches apart at rates 
of 15 to 30 lbs. per acre (7 to 14 seeds per foot of row).
A stand of four to ten plants per foot of row was con
sidered ideal.

Nelson (41) using Gila, U.S. 10 and N 4051 seeded 
at 4, 7, and 15 plants per linear foot of row in 22-inch 
rows found that the treatments with seven and 15 plants per

1. Pomeroy, C. R., and P. F. Knowles. 1962. 
Safflower irrigation, plant population test. University of 
California, Davis. Agronomy Notes. pp. 1-5.
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linear foot of row yielded more than that with four plants 
per linear foot of row.

Gray (24), of Australia, using 2, 4, and 8 grains 
of seed per row concluded that the heavier rates of seeding 
of safflower, appeared to be better than the lighter rates.

The simple correlation between plant number and 
yield in safflower has been pointed out by Basins ki e_t al. 
(3) in Australia. They found that there was no significant 
correlation between plant population and yield irrespective 
of the time of planting. However, correlation between plant 
population and yield for each individual treatment was 
significant (r = 0.74) implying that time of planting 
influenced yields largely through plant population.

Safflower Under Dry-land Conditions
, Claassen and Kiesselbach (11) pointed out that six 

plants per foot of row of safflower in 12-, 18-, or 24-inch 
rows, gave sufficient stand to produce maximum yield.. At 
the same time, the yield was not reduced by having 12 or 
even 18 plants per foot.

Carlstrom (9), investigating the effect of two 
common methods of planting safflower on summer fallow, in 
solid drilling and in cultivated rows 20 to 42 inches 
apart, found that solid drilling was the best. On non- 
fallowed land, plantings made in cultivated rows often 
yielded more than those of solid drilling; seed from solid
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drilled plantings often had one or two per cent more oil 
than seed grown in cultivated rows.

Other Crops Under Irrigation
Cox and Reid (16) concluded that increasing the 

plant population of NC-2 peanuts by decreasing the row 
width generally increased the yield and improved the grade 
of the crop.

Reiss and Sherwood (49), using 24-inch row spacings 
with soybeans, found that higher seeding rates tended to 
produce higher seed yields. Studies by Lehman and Lambert 
(36) showed that the effect of spacing within rows in soy
bean was variable. All four components of yield were 
affected to some degree by spacing. However seed and pod 
numbers were affected more than seed weight and seeds per 
pod. The relative importance of branches varied with 
spacing for seed and pod numbers but had little or no 
effect on seed weight per pod.

Experimental work carried out by Muhr and Rost (40) 
showed that when controllable growth factors, such as 
fertility and moisture, were brought nearer optimum, 
spacing and population affected the yield and ear size of 
both sweet corn and field corn. As population increased, 
ear size of both sweet corn and field corn decreased, and 
the yield of field corn increased, the maximum yield being 
obtained with the most dense population (31,360 plants per
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acre). With sweet corn the yield did not increase in the 
same proportion as field corn. This was due to an increase 
in barren stalks as population increased.

Enzie (20) and Bryan et al. (6), while working with 
sweet and field corn, showed that the yields were reduced 
as plantings became unusually heavy or unusually light, but 
that responses were not the same among the several varieties 
nor among the several yield components of these varieties.

Thayer and Rather (61) concluded that a wide range 
of planting rates gave satisfactory barley yields. They 
also observed that an increase in the rate of planting 
resulted in fewer heads per unit area, less tillering, 
shorter straw, shorter heads, fewer kernels per head and a 
lower kernel weight. Day and Dennis (17), and Dennis and 
Day (18) recommended a seeding rate of 60 to 80 pounds per 
acre for barley and wheat production in Arizona, and 
pointed out that an increase in the seeding rate increased 
lodging and harvest difficulty. They further noted that 
optimum seeding rate depended upon the date of planting, 
moisture content in the soil, the type of seedbed, and 
irrigation procedure.

Several investigations have pointed out the .influ
ence of seeding rate on the yield and quality of many 
crops. From a number of tests conducted with spring grains 
Atkinson (2) observed a higher bushel weight from high 
rates of planting, but this was accompanied by earlier
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maturity, higher yields of straw, and a higher percentage 
of lodging.

Nelson (42) and Porter at al. (46), using grain 
sorghum, showed that yield differences between varieties 
or spacing were not significant; and that there was no 
significant interaction between spacing and varieties. 
Stickler and Laude (57) found that grain sorghum yields 
were higher with 78,000 than with 52,000 plants per acre 
and a significant plant population X row spacing inter
action was noted.

Bond et al. (4), using dryland grain sorghum, found 
that at the high moisture level, grain yields were lower 
with the 4-pound seeding rate than with the 2-pound seeding 
rate.

Burnside at al. (7), using RS 501 sorghum, found 
that yield was positively correlated (P = 0.01) with 
height, forage yield, population, heads per acre, head 
weight, and germination percentage.

Competition among plants of the same crop and 
variety, irregularly spaced has been studied by a number of 
workers, including Smith (53), of Australia, who has shown 
that stand irregularities occurring in mechanically sown 
wheat fields usually are adequately compensated by differ
ences in tillering, growth, and yield of the individual 
plants.
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The effect of the intensity of competition for 

water and soil nutrients in influencing the optimum plant 
density for wheat in England was pointed out by Hudson 
(27). He found that a high intensity of competition was 
associated with a low optimum plant density.

Prescott (47), using two varieties of wheat in 
Egypt observed that the close spacing resulted in earlier 
heading and earlier ripening than wide spacing.

Thompson (62), in New South Wales, suggested that 
the soil fertility and date of planting should be con
sidered in determining the optimum rate of planting for 
wheat. He found that with early sowing and fertile soil, 
the lower seeding rate gave the best results.

Machacek at al. (38), in Canada, obtained reduced 
total wheat yields with lower seeding rates than with 
higher seeding rates.

Other Crops Under Dry-land Conditions
HueIson (28), Hume (29), and Collins (14) working 

with sweet corn and field corn, showed that the yields were 
reduced as plantings became unusually heavy, and that 
responses were not the same among the several yield compo
nents of different varieties.

Sieglinger (52) concluded that sorghum varieties 
which sucker profusely produced similar yields of grain 
when the distance between plants in the row varied from 6



16
to 30 inches. Varieties which produced few suckers showed 
progressive reductions in yield for every successive 
increase in the distance between plants from 6 or 12 inches 
up to 30 inches.

Martin (39) stated that the optimum rate for 
seeding wheat was practically independent of soil, irriga
tion, locality, date of seeding, cultural practices, and 
variety. He also pointed out that the large heads 
accompanied thinner stands. Clement et al. (12) reported 
that when the seeding rate of Marquis spring wheat was 
reduced to half the normal rate, it resulted in more heads 
per plant, greater plant height and larger heads; however., 
the yield and kernel weight were reduced. Kinra e_t al.
(31) observed more fall tillers, taller plants, a decrease 
in protein content, and a small increase in test weight 
following an increase in the rate of seeding. Winter 
wheat experiments conducted by Coffman (13) revealed an 
increase in the test weight of Kanred wheat when the 
seeding rates were increased from 2 to 5 pecks per acre.

Wilson and Swanson (64) found that reduction of 
wheat populations below 20 plants per square foot through 
systematic spacing of the individual plants, produced 
progressively lower yields at each level. The adverse 
effects of reduced stand were reflected primarily in 
decreased head number per unit area and test weight. Head 
number per square foot was lowered by thinning to any level,
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but test weight did not decrease until the population was 
reduced below ten plants per square foot. Pendleton and 
Dungan (44) referring to a three-year study including seven 
varieties of wheat found that higher seeding rate produced 
maximum yields per acre; and that seeding rate had a 
greater effect than either the nitrogen or variety 
variables only on number of grain-bearing heads per plant.

With a two-year study and six varieties of winter 
wheat, Stickler e_t al. (56) found that highest grain yields 
were obtained at the highest seeding rate (30 viable seeds 
per square foot), equivalent to 6 to 7 pecks per acre with 
most varieties. Varieties responded similarly to differ
ences in stand density. In both years, the number of heads 
per square foot increased with seeding rate and this compo
nent was closely associated with grain yield. Among the 
three yield components, yield was least associated with 
seed weight. Grain protein content decreased significantly 
with increasing seeding rate.



MATERIALS AND METHODS

Safflower variety Gila, a common commercial variety 
with normal branching and A8254, a continuous branching 1 
line, were chosen for this study. These two were planted 
alone and in varying mixtures. A11258-1, the original 
continuous branching mutant, was used as a check. Each of 
the entries was planted at plant spacings of 20, 12, 6, and 
3 plants per linear foot of row. The entries were as 
follows s

1. Gila alone
2. A8254 alone
3. Gila, 80%;A8254, 20%
4. Gila, 60%;A8254, 40%
5. Gila, 40%;A8254, 60%
6. Gila, 20%;A8254, 80%
7. A11258-1

Gila has orange flowers whereas A8254 has yellow 
flowers, a greater depth of head and less spines. These 
contrasting characteristics made it possible to separate 
individual plants from mixtures at harvest time.

Gila is an early to medium maturing variety. A8254 
is a continuous branching line originating from bulking 
Fg's originating from a single plant from a cross of

18
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A11258-1 X A1186-2, and is earlier maturing than Gila. 
A11258-1 is a continuous branching mutant which occurred in 
Gila, has orange flowers and is later maturing than Gila.

The cultural practices followed were similar to 
those used in commercial safflower. The soil type was Gila 
sandy loam and the rotation was safflower following saf
flower. Sixty pounds of elemental nitrogen per acre were 
applied one month after planting. A pre-planting irriga
tion of approximately 10 to 12 acre-inches of water 
saturated the soil to an approximate depth of 5 to 8 feet. 
Preceding the pre-planting irrigation the soil was mulched, 
levelled, and ridged. Heavy rains during the winter season 
resulted in late planting. The seeds were planted on 
February 4th with an International Harvester bean planter 
(No. 185) equipped with a small-plot cone seed-distributor. 
After planting the experiment was irrigated at an interval 
of 10 to 15 days throughout the growing season; and at each 
irrigation about 5 to 6 inches of water were applied.

The experiment encountered two hazards %
1. Crusting of soil due to the heavy rains.
2. Incidence of rust, Puccinia carthami Corda, 

occurred due to the rotation safflower following 
safflower.

The experimental design consisted of a split-plot 
design with variety mixtures as main-plots and plant spacing
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as sub-plots. The sub-plots were 14.5 ft. X 13.4 ft. in 
size. Each sub-plot consisted of four beds with two rows 
per bed; and beds were 40 inches apart. Plant spacing was 
achieved by planting at heavy rates and thinning to the 
desired density two months after planting.

Days to total flowering were reported as the number 
of days from planting until the flowering ceased. This 
period covered the vegetative and flowering stages.

At maturity the middle two beds were harvested with 
safflower small-plot combine for yield determination. To 
eliminate all border effects, the middle two beds were used 
for collecting data. One foot from each.end of a plot was 
discarded to allow for end border effect.

Seed samples for bushel weight, hull percentage, 
and oil percentage were taken from the bulked yield sample. 
Hull percentage (seed coat and pericarp) was obtained from 
25 seeds per sample where the sample was oven-dried at 85 C 
for ten hours, seed cut (Figure 1), and hull determined on 
dry weight basis.

The oil percentage on whole seed (achene), and meat 
(cotyledon of the oil bearing tissue) was determined on a 
one gram sample. After oven-drying the sample at 85 C for 
ten hours and weighing, the sample was placed in a 1 V8- 
inch diameter press cylinder and approximately 11,000 
pounds pressure was applied to the sample by means of a 
laboratory press (Figure 2). The remainder of the oil was
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Figure 1. Seed-cutter for determining hull.
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(a)

(b)
Figure 2. Equipment required for analyzing small samples 

of safflower seed for oil content.
(a) 1 1/8-inch diameter press cylinder.
(b) Laboratory press.
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removed by the use of Skelly solvent, where the sample was 
decanted four times and the fifth decanting was on a dry 
basis. The sample was oven-dried at 85 C for 48 hours. 
After drying the sample residue was weighed. The loss in 
weight was attributed to the weight of oil.removed by 
pressing and solvent extraction. This method is a modifica 
tion of the method recommended by Comstock and Culbertson 
(15).

To study, plant competition in the two lines in 
various.mixtures and spacings, one sample per plot con
sisting of a strip of two running feet was collected, 
plants were separated according to the variety threshed and 
seed weight recorded in grams for each variety separately.

To study yield components, heights, and branching 
habits at maturity 10 plants were taken at random from each 
plot of three replicates, and in those cases where there 
was mixture five plants of each were taken. Plant height 
in inches, total and terminal heights, depth of heads, 
number of heads, number of primary branches, secondary 
: branches (branching from the primary ones), and tertiary 
branches (any branching from secondary ones) for each plant 
were recorded. All heads per plant were threshed and seed 
yield in grams and number of seeds were recorded.

Safflower is determinant in its growth and the 
first head that blooms is the terminal head (Figure 3).
The terminal height was obtained by measuring the distance
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Figure 3. Branching habit of the continuous branching line 
A11258-1 (left) and Gila (right).

The tag shows the terminal head.
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between the ground level and the terminal head. The total 
height was obtained by measuring the distance between the 
ground level and the highest head, whereas the depth of 
head was obtained from the difference between the total and 
terminal heights.

The data were summarized and the analysis of 
variance (54), and Duncan's multiple range test (37) were 
used to test for significant differences among means.

Where significance prevailed in the variety mixture, 
the treatment sum of squares of each character was parti
tioned by the use of the orthogonal polynomial technique 
(55) to show whether a significant linear or non-linear 
response existed. The correlation coefficient (l) was 
computed for the different attributes.



RESULTS

The results of this investigation have been divided 
into two broad categories. The first part includes 
agronomic data. The second part gives the results of plant 
competition.

Agronomic Data

Total Yield
There was a significant difference in yield among 

the variety mixtures and among the plant spacings as 
expected (Tables 1 and 2). There was no interaction 
between variety mixture and plant spacing. Yields of the 
various mixtures were within the span of Gila and A8254;
60% Gila;40% A8254 was equal to Gila alone, and the three 
mixtures having the highest proportion of Gila yielded 
significantly more than the one having the lowest propor
tion of Gila. There was no significant difference in yield 
between A8254 and A11258-1 (Table l).

There was no significant difference in yield among 
the spacings of 3, 6, and 12 plants per foot, which all 
yielded higher than plants spaced at 20 per foot (Table 1).

26
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Table 1. Seed yield in lbs. per acre of safflower variety 

mixture grown at four plant spacings, Marana, 
Arizona, 1966.

Variety
mixture

Spacing in plants per foot Variety
mixture
mean20 12 6 3

Gila alone 2560-/ 3367 3549 2783 3065 a—/
A8254 alone 2403 2644 2888 2881 2704 be
80% Gila, 
20% A8254 2610 3207 3049 3259 3031 ab
60% Gila, 
40% A8254 2887 3077 3199 3084 3061 a
40% Gila, 
60% A8254 2659 2922 2866 2940 2847 abc
20% Gila, 
80% A8254 2444 2858 2590 2766 2665 c
A11258-1 2086 2426 2935 2769 2554 c
Plant spacing 
mean 2521 b-/ 2928 a 3011 a 2926 a

—^Each value is the average for four replications
2/— Treatment means followed by the same letter are 

not significantly different as shown by Duncan's multiple 
range test at the 1 per cent level.
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Table 2. Analysis of variance for the total yield of

safflower variety mixture grown at four plant 
spacings, Marana, Arizona, 1966.

Source of variation d . f.
Mean Square 
Total yield

Replicates 3 796007.47
Variety mixture 6 711973.03**
Main-plot error 18 104622.53
Spacing 3 1360355.78**
Variety mixture 

X spacing 18 152748.53
Sub-plot error 63 151940.97

‘’'''Significant at the 1 per cent level.
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Hull Percentage

Per cent hull was recorded as that portion of the 
whole seed (achene) which consisted of the pericarp and 
seed coat, and enclosed the cotyledons (oil bearing tissue) 
on a dry weight basis. Hull percentage was not signifi
cantly affected by variety mixture, plant spacing or their 
interaction (Tables 3 and 4). It seems that hull per
centage is least affected by the different treatments.
Gila had the lowest and A8254 the highest hull percentage. 
A11258-1 and the different mixtures were within the range 
of the two pure genotypes for hull percentage. Except for 
A8254, seed from the wide spacing consistently, although 
not significantly, had a higher hull percentage than the 
close spacing.

Oil Percentage
The effect of variety mixture and plant spacing on 

oil content on seed basis is summarized in Table 4. Both 
variety mixture and plant spacing had highly significant 
effect on oil content, whereas the variety mixture X plant 
spacing interaction was non-significant.

The average values of the different treatments are 
presented in Table 5. The higher oil percentage of Gila 
can largely be attributed to the higher content of Gila 
meat. A11258-1 and the different mixtures were within the 
ceiling value of the two pure varieties. Considering plant
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Hull percentage of safflower variety mixture 
grown at four plant spacings, Marana, Arizona
1966.

Variety
mixture

Spacing in plants per foot Variety
mixture
mean20 12 6 3

Gila alone 38.71-/ 38.45 38.56 39.09 38.70
A8254 alone 41.29 40.47 40.29 39.87 40.48
80% Gila, 
20% A8254 38.99 38.30 40.54 40.63 39.61
60% Gila, 
40% A8254 38.82 39.84 38.90 38.97 39.13
40% Gila,
60% A8254 39.92 38.54 40.80 40.16 39.85
20% Gila,
80% A8254 40.12 41.00 40.30 40.40 40.45
A11258-1 39.40 39.93 40.03 39.45 39.70
Plant spacing
mean 39.60 39.50 39.91 39.80

—^Each value is the average for four replications.
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Table 4. Analysis of variance for the hull percentage and 

oil percentage--on seed and meat basis--of saf
flower variety mixture grown at four plant 
spacings, Marana„ Arizona, 1966.

Mean Square
Source of 
variation d.f.

Hull
percentage

Seed oil 
percentage

Meat oil 
percentage

Replicates 3 3.31 1.22 . 2.47
Variety mixture 6 6.73 24.42** 14.89**
Main-plot error 18 2.66 1.18 1.00
Spacing 3 0.96 4.02** 3.04*
Variety mixture 

X spacing 18 1.94 1.28 1.34*
Sub-plot error 63 1.38 0.93 0.76

''Significant at the 5 per cent level. 
'’'''Significant at the 1 per cent level.
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Seed oil content of safflower variety mixture 
grown at four plant spacings, Marana, Arizona,1966.

Variety
mixture

Spacing in plants per foot Variety
r-i-i 4 it-4- 1 -i z-»

20 12 6 3
lU-LXLUJ-ti
mean

Gila.
alone 38.87- 40.11 39.55 38.25 39.19 a-/
A8254
alone 35.30 35.66 36.98 36.40 36.08 c
80% Gila, 
20% A8254 38.65 39.34 38.47 39.03 38.87 ab
60% Gila, 
40% A8254 37.92 39.09 38.46 38.13 38.40 ab
40% Gila, 
60% A8254 37.52 38.15 37.73 37.76 37.79 b
20% Gila, 
80% A8254 35.56 35.72 36.99 37.11 36.34 c
A11258-1 37.59 38.90 38.74 39.34 38.64 ab
Plant
spacing
mean 37.34 b—^ 38.14 a 38.13 a 38.00 ab

—^Each value is the average for four replications.
2/— Treatment means followed by the same letter are 

not significantly different as shown by Duncan's multiple 
range test at the 1 per cent leVel.
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spacing, there was no significant difference among 12, 6, 
and 3 plants per foot, but 20 plants per foot tended to 
reduce the oil content. With the exception of Gila, seed 
from the wide plant spacing consistently, although not 
significantly, had more oil content than the close plant 
spaping (Table 5).

Oil content on a meat basis as affected by variety 
mixture and plant spacing is summarized in Table 4.
Variety mixture was significant at the 1 per cent level, 
while plant spacing and variety mixture X plant spacing 
were significant only at the 5 per cent level. The inter
action was significant as a result of the varying response 
of the variety mixture.

A summary of data characterizing the effect of 
variety mixture and plant spacing on meat oil content is 
shown in Table 6. Gila averaged 2.21% over A8254, while 
the various mixtures and A11258-1 were within the averages 
of the component varieties in pure stands. There was no 
significant difference among the plant spacings for oil 
content of the meat.

It was found that the oil content of the seed was 
negatively correlated with the per cent hull, and posi
tively correlated with the oil content of the meat. The 
significant correlation coefficients of these characters 
were -0.76 and +0.98, respectively. This shows that the
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Table 6. Meat oil content of safflower variety mixture 

grown at four plant spacings ? Marana? Arizona,
1966.

Variety
mixture

Spacing in plants: per :foot Variety
mixture
mean20 12 6 3

Gila alone 63.59—/ 64.13 63.97 63.41 63.78 a—^
A8254 alone 61.31 61.67 61.93 61.35 61.57 c
80% Gila,
20% A8254 62.75 64.10 64.45 64.31 63.90 a
60% Gila,
40% A8254 61.43 62.74 62.14 62.80 62.28 be
40% Gila,
60% A8254 62.91 62.47 62.93 63.18 62.87 ab
20% Gila, 
80% A8254 62.42 60.79 62.62 62.33 62.04 be
A11258-1 63.45 62.88 64.22 64.85 63.85 a
Plant
spacing
mean 62.55 a—/ 62.68 a 63.18 a 63.18 a

1/— Each value is the average for four replications.
2/— Treatment means followed by the same letter are 

not significantly different as shown by Duncan's multiple 
range test at the 1 per cent level.
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proportion of hull to the remainder of the seed has a 
direct influence upon per cent oil.

Bushel Weight
The volume weight of seed provides a means of 

evaluating the quality of the seed. Summary of bushel 
weight as affected by variety mixture and plant spacing is 
in Tables 7 and 8. Variety mixture and plant spacing were 
significant; while the variety mixture X plant spacing 
interaction was non-significant.

In Table 7 we find that there is no significant 
difference between the two pure varieties and their differ
ent mixtures, and that the two pure varieties with their 
various mixtures are significantly greater than A11258-1. 
There was no significant difference between 3 and 6 plants 
per foot, 6 and 12 plants per foot, and 12 and 20 plants 
per foot. This may be due to the lodging of the close 
planting that ranged from 1 to 5 per cent.

Days to Total Flowering
Both variety mixture and plant spacing had a highly 

significant effect on days to total flowering (Table 10). 
The variety mixture X plant spacing interaction was non
significant.

A8254 blooms earlier and longer than Gila.
A11258-1 and the various mixtures were within the range in 
number of days to total flowering of the component



36
Table 7. Bushel weight of safflower variety mixture grown 

at four plant spacings, Marana, Arizona, 1966.

Variety
mixture

Spacing in plants per foot Variety 
■ mixture 

mean20 12 6 3

Gila alone 42. 42.6 42.6 43.0 42.7 ab^/
A8254 alone 42.5 42.9 42.9 42.9 42.8 ab
80% Gila,
20% A8254 41.8 42.9 43.6 43.3 42.9 ab
60% Gila,
40% A8254 42.0 42.3 42.2 43.1 42.4 ab
40% Gila,
60% A8254 43.1 42.9 43.7 43.2 43.2 a
20% Gila,
80% A8254 42.9 42.5 42.8 43.2 42.8 ab
A11258-1 40.8 41.0 41.9 42.7 41.6 c
Plant
spacing
mean 42.2 c-/ 42.4 be 42,8 ab 43.0 a

—^Each value is the average for four replications.
2/— Treatment means followed by the same letter are 

not significantly different as shown by Duncan's multiple 
range test at the 1 per cent level.

1
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Table 8. Analysis of variance for the bushel weight of 

saifflower variety mixture grown at four plant 
spacings, Marana, Arizona, 1966„

Source of variation d.f.
Mean Square 
Bushel weight

Replicates 3 7.45
Variety mixture 6 4.37**
Main-plot error 18 0.61
Spacing 3 3.81**
Variety mixture 

X spacing 18 0.63
Sub-plot error 63 0.40

‘'"’'Significant at the 1 per cent level.
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varieties in pure stands (Table 9). The wider the plant 
spacing, the greater the branching habit, and the less the 
uniformity of crop maturity (Table 9).

Total yield was not correlated with bushel weight 
and days to total flowering.

Plant Competition

Seed Yield of Each Component Variety in the Mixture (Two 
Foot of Row) ' —

Data in Table 11 show the observed and expected 
values for both the varieties with their various ratios in 
the mixture. According to a Chi Square Test, both the 
varieties were highly significant for the seed yield in 
two foot of row; where the null hypothesis would be 
rejected, and these deviations may be due to some physi
ological cause. In two out of 16 observations, the A8254 
observed value exceeded the expected value, whereas in 12 
out of 16 observations, the Gila observed value exceeded 
the expected value. This indicates the dominance of Gila 
in the mixture (Figure 4) and with lesser proportion of 
Gila in the mixture, Gila exceeds the expected value.

There was no correlation between the number of 
plants and seed yield per two foot of row.



Table 9. Days to total flowering of safflower variety mixture grown at four 
plant spacings, Marana„ Arizona, 1966.

Variety
mixture

Spacing in plants per foot Variety
mixture
mean20 12 6 3

Gila alone 130.5^/ 134.5 136.3 136.8 134.5 di/
A8254 alone 148.0 149.5 152.0 154.0 150.9 a
80% Gila, 
20% A8254 135.0 139.5 140.8 143.0 139.6 c
60% Gila, 
40% A8254 139.5 143.3 140.8 147.5 142.8 c
40% Gila, 
60% A8254 145.3 149.5 149.3 152.0 149.0 ab
20% Gila, 
80% A8254 147.0 150.5 148.5 153.5 149.9 ab
A11258-1 144.3 147.0 148.5 151.5 147.8 ab
Plant spacing 
mean 141.4 144.8 b 145.1 b 148.3 a

i^Each value is the average for four replications.
—^Treatment means followed by the same letter are not significantly 

different as shown by Duncan’s multiple range test at the 1 per cent level.
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Table 10. Analysis of variance for the days to total

flowering of safflower variety mixture grown 
at four plant spacings, Marana, Arizona, 1966.

Source of variation d . f.
Mean Square

Days to total flowering

Replicates 3 80.25
Variety mixture 6 605.37**
Main-plot error 18 13.06
Spacing 3 227.01**
Variety mixture 

X spacing 18 4.66
Sub-phot error 63 6'. 26

**Significant at the 1 per cent level.



Table 11. Observed and expected seed yield in grams per two foot of row of the 
safflower component varieties in the variety mixture grown at four 
plant spacings, Marana, Arizona, 1966.

Spacing in plants per foot Variety
-----------------------------------------  mixture

Varietymixture
20 12 6 3 mean

Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp.
Gila alone 153.8-/ 185.8 161.3 139.5 160.1
A8254 alone 144.8 115.3 108.3 124.5 123.2
80% Gila: 
20% A8254 

Gila 
A8254

122.528.5
123.0
29.0 166.0

15.5
148.6
23.1 108.3

17.5
129.0
21.7 114.522.3

111.6
24.9 127.8

21.0 128.124.6
60% Gila: 
40% A8254 

Gila 
A8254

102.5
26.0

92.3
57.9 102.0

27.3
111.5
46.1

103.0
34.5

96.8
43.3

110.0
36.3

83.7
49.8 104.4

31.0
96.1
49.3

40% Gila: 
60% A8254 

Gila 
A8254

61.8 
'79.3.

61.5
86.9

71.0
67.8

74.3
69.2

67.8
78.3

64.5
65.0

71.8
87.0

55.8
74.7

68.1
78.1

64.0
73.9

20% Gila:
80% A8254 Gila 

A8254
45.0100.8

30.8
115.8 44.5

88.0
37.2
92.2

55.3
58.0 32.386.6 46.378,8

27.9
99.6 47.8

81.4
32.0
98.6

x^ for Gila = 57 .43** x2 for A8254 = 55.67**
i^Each value is the average for four replications.
^Significant at the 1 per cent level. H
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------ - G IL A
------* A 8 2 5 4

100% 80%  60% 4 0 %  2'

VARIOUS RATIOS OF THE VARIETY IN THE MIXTURE

Figure 4. Effect of ratios of Gila and A8254 in the
mixture on the seed yield per two foot row of safflower grown at Marana, Arizona, 1966.
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Yield Components

Seed weight per plant. Seed weight per plant as 
influenced by variety mixture and plant spacing is sum
marized in Table 13. Variety mixture, plant spacing, and 
their interaction were highly significant. Among the 
variety mixtures only the linear relationship for Gila was 
highly significant. The remainder was highly significant 
which indicated significant variability among the variety 
treatments.

As the number of plants per foot decreased, seed 
weight per plant with reference to Gila increased in a 
linear and a quadratic manner with the highest value at 3 
plants per foot (Table 13 and Figure 5). The seed weight 
per plant was considerably increased as a result of 
mixtures, reaching the highest value at 40% Gila and 60% 
A8254 (Table 12); plants of 40% Gila and 20% Gila were 
significantly greater than 100% Gila, plants of 40% A8254. 
and 80% A8254 produced less yields than 100% A8254. This
'--'i

may be due to the competitive aggressiveness of Gila that 
suppressed the performance of A8254 in the various mixtures.

The greater number of plants per unit area at the 
close spacing gave more competition and low seed weight per 
plant (Table 12).

Number of heads per plant. Variety mixture and 
plant spacing influenced the number of heads per plant
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Table 12. The contribution of each variety to the seed

weight in grams per plant of safflower variety
mixture grown at four plant spacings, Marana,Arizona, 1966.

Variety
mixture

Spacing in plants per foot Varietymixture
mean20 12 6 3

Gila alone 4.1-/ 7.3 10.3 14.2 2/9.0 c-
A8254 alone 3.6 4.5 6.3 13.1 6.9 d
80% Gila; 
20% A8254 Gila 

A8254
4.92.0 6.8

4.4
11.06.9 16.210.5

9.7 be 
6.0 de

60% Gila; 
40% A8254 

Gila 
A8254

4.3
2.5

7.4
2.9

9.5
5.0

17.3
11.5

9.6 be 
5.5 e

40% Gila; 
60% A8254 

Gila 
A8254

5.3
3.5

8.0
4.4

11.7
6.1

22.7
13.5

11.9 a 
6.9 d

20% Gila; 
80% A8254 

Gila 
A8254

5.7
3.1

7.0
3.9

10.1
4.9

21.5
8.9

11.1 ab 
5.2 e

Plantspacing
mean 3.9 d-/ 5.7 c 8.2 b 14.9 a

—^Each value is the average for three replications.
2/—  Treatment means followed by the same letter are

not significantly different as shown by Duncan's multiple
range test at the 1 per cent level.



45
Table 13. Analysis of variance for the yield components of 

safflower variety mixture grown at four plant 
spacings, Marana, Arizona, 1966.

Mean Square

Source of 
variation d.f.

Seed 
weight 
per plant

No. of 
heads 

per plant
Av. No.

. of seeds 
per head

Replicates 2 17.47 3.62 81.06
Variety mixture 9 69.50** 34.30** 1465.72**
Gila linear 1 47.63** 16.58 5.00
Gila quadratic 1 0.60 1.89 13.32
A8254 linear 1 2.58 0.08 3.71
A8254 quadratic 1 1.23 0.01 32.86
Remainder 5 114.68** 58.03** 2627.32**
Main-plot error 18 4.92 4.22 22.57
Spacing 3 703.43** 473.76** 332.52**
Spacing X variety 
mixture 27 8.84** 4.46* ' 17.09

Spacing X Gila 
linear 3 29.69** 4.39 30.50

Spacing X Gila 
quadratic 3 21.39** 9.43** 9.50

Spacing X A8254 
linear 3 . 2.37 4.10 53.99

Spacing X A8254 
quadratic 3 2.78 1.09 33.34

Sub-plot error 60 2.59 2.24 20.11

''Significant at the 5 per cent level. 
''''Significant at the 1 per cent level.
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-  GILA ALONE
-  8 0 %  GILA 
- 6 0 %  GILA
-  4 0 %  GILA
-  20% GILA

____________ I_____________ |_____________ |_____________ |
20 12 6 3

SPACING IN PLANTS PER FOOT

Effect of variety mixture and plant spacing on the seed weight per plant for the variety Gila 
and its various ratios in the mixture of safflower grown at Marana, Arizona, 1966.
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(Table 13). The interaction of variety mixture X plant 
spacing was significant due to differences in the response 
among variety mixture.

As the plants per foot decreased the number of 
heads per plant of Gila increased in a quadratic manner 
with the highest number of heads obtained from 3 plants per 
foot (Table 13 and Figure 6). None of the different 
mixtures applied produced significant increase in number 
of heads per plant over A8254 (Table 14). The various 
mixtures were within the range of Gila and A8254. Among 
the various mixtures 40% Gila and 60% A8254 had the highest 
heads per plant.

Close planting effected a significant decrease in 
the number of heads per plant (Table 14). This would be 
expected due to the severe competition among plants of the 
close spacing.

It was found that the number of heads per plant was 
highly correlated with the total seed weight per plant.
The significant correlation was 0.85.

Average number of seeds per head. Seeds per head 
varied significantly with variety mixture and,spacing 
(Table 13). The remainder was highly significant, which is 
indicative of the significant variability among the variety
mixtures.
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GILA ALONE 
8 0 %  GILA  
6 0 %  GILA  
4 0 %  GILA 
2 0 %  GILA

SPACING IN PLANTS PER FOOT

Figure 6. Effect of variety mixture and plant spacing on 
the number of heads per plant for the variety Gila and its various ratios in the mixture of 
safflower grown at Marana, Arizona, 1966.
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Table 14. Contribution of each variety to the number ofheads per plant of safflower variety mixture

grown at four plant spacings, Marana, Arizona,
1966.

Variety
mixture

Spacing in plants per foot Variety
mixture
mean20 12 6 3

Gila alone 3.7-/ 5.1 6.5 9.8 6.3 c-/
A8254 alone 6.1 7.2 11.4 18.3 10.7 a
80% Gila: 
20% A8254 

Gila 
A8254

4.0
5.0

4.9
6.8

6.7
9.5

10.1
14.3

6.4 c
8.9 abc

60% Gila: 
40% A8254 

Gila 
A8254

4.1
5.3

5.3
6.3

6.7
11.8 12.117.2

7.1 be 
10.2 a

40% Gila: 
60% A8254 Gila 

A8254
4.5
5.8

5.9
7.1

7.6
11.5

14.2
17.1

8.1 abc 
10.4 a

20% Gila: 
80% A8254 Gila 

A8254
"4.5
5.7

4.8
9.1

7.6
10.6

12.3
13.5

7.3 be 
9.7 ab

Plant
spacing
mean 4.9 d-/ 6.2 c 9.0 b 13.9 a

—^Each value is the average for three replications.
2/—  Treatment means followed by the same letter are

not significantly different as shown by Duncan's multiple
range test at the 1 per cent level.
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A summary of data characterizing the effects of 

variety mixture and plant spacing is shown in Table 15.
Gila had significantly more seeds per head than A8254 in 
mixture and in pure stand. Gila had more seeds per head 
in the 80% mixture than in the 60% mixture. Seeds per head 
of A8254 did not differ from mixture to mixture.

Three plants per foot were significantly greater 
than the rest of the plant spacing treatments (Table 15). 
There was no significant difference between 12 and 6 plants 
per foot, and these treatments were significantly higher 
than 20 plants per foot. Close planting produced smaller 
heads per plant and fewer seeds per head as a result of 
more competition among plants. Consequently, larger heads 
and higher number of seeds per head were obtained from 3 
plants per foot. This may be due to lack of competition 
among plants of the wide spacing.

It was found that the average number of seeds per 
head was highly correlated with the seed weight per plant. 
The significant correlation coefficient was 0.59.

Plant Height

Total height. Variety mixture had no significant 
effect on the total height as summarized in Table 17. The 
effect of A8254 when mixed with Gila made Gila grow taller. 
It is noted that the greatest total height for both Gila
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Table 15. Contribution of each variety to the averagenumber of seeds per head of safflower variety

mixture grown at four plant spacings, Marana,
Arizona, 1966.

Variety
mixture

Spacing in plants per foot Varietymixture
mean20 12 6 3

Gila alone 28.9-/ 36.9 41.0 38.9 36.4 ab—/
A8254 alone 15.1 17.1 15.9 22.0 17.5 c
80% Gila: 
20% A8254 

Gila 
A8254

34.711.0 36.417.6 40.619.9 42.320.2 38.5 a 17.2 c
60% Gila: 
40% A8254 

Gila 
A8254

27.3
11.1

' 35.5 
13.3

38.5
12.4

37.319.6
34.6 b 
14.1 c

40% Gila: 
60% A8254 Gila 

A8254
31.2
14.8

37.9
.16.2

40.0
15.5

40.0
21.5

37.3 ab 
17.0 c

20% Gila: 
80% A8254 

Gila 
A8254

33.9
15.3

39.9
12.5

34.8
14.1

43.7
18.6

38.1 ab
15.1 c

Plant
spacing
mean 22.3 c-/ 26.3 b 27.3 b 30.4 a

—/Each value is the average for three replications.
2/—  Treatment means followed by the same letter are

not significantly different as shown by Duncan's multiple
range test at the 1 per cent level.
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and A8254 was centered around the mixture 80% Gila220% 
A8254. In this mixture, Gila exceeded Gila alone by 
2.6 inches, and A8254 exceeded A8254 alone by 1.7 inches 
(Table 16).

Plant spacing had significant effects on total 
height (Table 17). The closer the plant spacing, the 
taller the plants (Table 16). This may be due to the 
increased competition for light in the case of close 
planting. ''

It was observed that a significant relationship 
existed between the total and terminal heights. This was 
shown by the significant correlation coefficient which was
0.93.

Termina1 height. Variety mixture and plant spacing 
had a significant effect on the terminal height, but their 
interaction was non-significant, as summarized in Table 17. 
The remainder was highly significant which is indicative of 
the significant variability among the variety mixtures.

Eighty per cent Gila was significantly greater than 
Gila alone, 60% Gila and A8254 with its various ratios in 
the mixture (Table 18). There was no significant differ
ence between A8254 and its various ratios in the mixture. 
This may be due to,the competitive aggressiveness of Gila 
in the different mixtures. It was observed that the 
greatest terminal height for both the component varieties



53
Table 16. Contribution of each variety to the total height

in inches per plant of safflower variety mixture
grown at four plant spacings, Marana, Arizona,1966.

Variety
mixture

Spacing in plants per foot Variety
20 12 6 3

iu j-xeure
mean

Gila alone 35.6-/ 35.4 33.7 31.1 33.9
A8254 alone 36.1 34.9 34.2 31.4 34.2
80% Gila: 
20% A8254 

Gila 38.4 37.0 35.7 34.7 36.5
A8254 38.5 35.9 35.8 33.2 35.9

60% Gila: 
40% A8254 Gila 37.8 36.9 35.5 29.4 34.9

A8254 35.7 34.8 34.2 28.4 33.3
40% Gila: 
60% A8254 

Gila 38.5 36.4 35.4 33.4 35.9
A8254 36.2 34.6 34.5 32.1 34.4

20% Gila: 80% A8254 
Gila 37.5 36.9 35.6 32.3 35.6

A8254 37.0 35.0 33.8 30.3 34.0
Plantspacing
mean 37.1 a-/ 35.8 b 34.8 b 31.6 c

—^Each value is the average for three replications.
2/—  Treatment means followed by the same letter are

not significantly different as shown by Duncan's multiple
range test at the 1 per cent level.
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Table 17. Analysis of variance for the total height, the 

terminal height, and the depth of heads per 
plant of safflower variety mixture grown at four 
plant spacings, Marana, Arizona, 1966.

Mean Square
Source of Total Terminal Depth
variation d.f. height height of heads
Replicates 2 5.51 5.02 0.06
Variety mixture 9 13.43 83.50** 46.36**
Gila linear 1 8.97 1.30 3.43
Gila quadratic 1 8.51 5.11 0.43
A8254 linear 1 8.32 10.56 0.13
A8254 quadratic 1 13.49 3.43 3.32*
Remainder 5 16.31 146.23** 81.99**
Main-plot error 18 6.46 6.00 0.70
Spacing 3 165.05** 188.51** 1.73
Spacing X variety 
mixture 27 2.25 2.22 1.94
Spacing X Gila linear 3 0.45 0.11 0.28
Spacing X Gila 
quadratic 3 1.43 2.88 1.82
Spacing X A8254 linear 3 0.28 3.03 4.89*
Spacing X A8254 
quadratic 3 0.56 1.59 0.53
Sub-plot error 60 2.67 1.95 1.29

’’'Significant at the 5 per cent level.
'"'(Significant at the 1 per cent level.
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Table 18» Contribution of each variety to the terminal

height in inches per plant of safflower variety
mixture grown at four plant spacings, Marana, „
Arizona, 1966.

Variety
mixture

Spacing :in plants per foot Variety
20 12 6 3

.... UIJL A  LLLJ- td
mean

Gila
alone 32.9-/ 32.8 31.5 27.5 31.2 b^/
A8254alone 30.2 27.8 27.3 23.1 27.1 cd
80% Gila; 20% A8254 

Gila 
A8254

36.431.0
33.329.6 33.127.7 32.2

27.0
33.8 a
28.8 c

60% Gila; 
40% A8254 

Gila 
A8254

34.9
29.3 32.228.7 32.026.2

26.7
22.5 31.5 b 26.7 d

40% Gila; 
60% A8254 

Gila 
A8254

35.6
30.5

33.3
29.4

31.9
27.4

29.8
24.8

32.7 ab 
28.0 cd

20% Gila; 
80% A8254 Gila 

A8254
34.3
29.4

33.3
29.2

32.4
26.8

29.0
23.1

32.3 ab 
27.1 cd

Plant
spacing
mean 32.5 a-/ 31.0 b 29.6 c 26.6 d

1/—' Each value is the average for three replications.
2/ %— Treatment means followed by the same letter are 

not significantly different as shown by Duncan's multiple 
range test at the 1 per cent level.
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was centered around 80% Gila;20% A8254. In this mixture, 
Gila exceeded Gila alone by 2.6 inches; and A8254 exceeded 
A8254 alone by 1.7 inches. This demonstrates the unequal 
competition effects of Gila with A8254 as far as the termi
nal height is involved.

The close spacing was significantly greater than 
the wide spacing (Table 18); this may be due to competition 
for light in the case of close spacing.

It was found that the terminal height was nega
tively correlated with the depth of heads. The significant 
correlation coefficient was -0.46.

Depth of heads. Depth of heads was significantly 
different in the variety mixture but was not different in 
either plant spacing or variety mixture X plant spacing 
interaction (Table 17). The quadratic difference for A8254 
and the linear difference for spacing X A8254 are indicated 
(Table 17 and Figure 7).

A8254 alone was significantly greater than 60%,
A8254 and Gila with its different ratios in the mixture 
(Table 19); 60%, Gila was significantly greater than Gila 
alone; and there was no significant difference between 20%, 
A8254, 80%, A8254, and A8254 alone. This shows the tendency 
for Gila to compete with A8254, although the great depth of 
heads is a characteristic possessed by A8254.
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A 8 2 5 4  ALONE
8 0 %  A8254  
6 0 %  A8254  
4 0 %  A 8254  
2 0 %  A 8254

SPACING IN PLANTS PER FOOT

Figure 7. Effect of variety mixture and plant spacing onthe depth of head per plant of the variety A8254 and its various ratios in the mixture of safflower grown at Marana, Arizona, 1966.
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Table 19. Contribution of each variety to the depth of

heads in inches of per plant of safflower
variety mixture grown at four plant spacings,
Marana, Arizona, 1966.

Variety
mixture

Spacing in plants! per foot Variety
mixture
mean20 12 6 3

Gila alone 2.7 V 2.6 2.2 3.6 2.7 d-/
A8254 alone 5.9 7.1 6.9 8.3 7.1 a
80% Gila; 
20% A8254 

Gila 
A8254

2.0
7.5

3.7
6.3

2.6
8.1

2.5
6.2

2.7 d
7.1 a

60% Gila; 
40% A8254 Gila 

A8254
2.9
6.4

4.7
6.1

3.5
8.0

2.7
5.9

3.4 c 
6.6 ab

40% Gila; 
60% A8254 

Gila 
A8254

2.9
5.7

3.1
5.2

3.5
7.1

3.6
7.3

3.2 cd
6.4 b

20% Gila; 
80% A8254 

Gila 
A8254

3.2
7.6

3.6
5.8

3.2
7.0

3.3
7.2

3.3 cd
6.9 ab

Plant
spacing
mean 4.7 4.8 5.2 5.1

l^Each value is the average for three replications.
2/— Treatment means followed by the same letter are

not significantly different as shown by Duncan's multiple
range test at the 1 per cent level.
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It was observed that there was no correlation 

between the depth of heads and the total height.

Number of Primary Branches per Plant
Variety mixture and plant spacings had a signifi

cant effect on the number of primary branches per plant as 
summarized in Table 21. Variety mixture X plant spacing 
interaction was significant, and this is due to the varying 
response of the variety mixture as can also be seen from 
the significant remainder. The linear difference for Gila 
and spacing X Gila are indicated (Table 21 and Figure 8).

Twenty per cent Gila was significantly greater than 
Gila alone, 80% Gila and A8254 with its various ratios in 
the mixture (Table 20). Competition effects were signifi
cant for Gila in the mixture 20% Gilas80% A8254. " This may 
be due to the greater changes for Gila to produce more 
primary branches when A8254 constitutes the greater part of 
the mixture. This shows the persistent dominance of Gila 
with A8254, and that the greater the ratio of A8254 in the 
mixture, the greater the performance of Gila.

The wider plant spacing resulted in more primary 
branches than the close plant spacing (Table 20). This may 
be due to less competition in the case of wide plant 
spacing.
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GILA ALONE  
8 0 %  GILA
6 0 %  GILA 
4 0 %  GILA 
2 0 %  GILAh- 10

SPACING IN PLANTS PER FOOT

Figure 8. Effect of variety mixture and plant spacing on
the number of primary branches per plant for the 
variety Gila and its various ratios in the 
mixture of safflower grown at Marana, Arizona, 
1966.
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Table 20. Contribution of each variety to the number ofprimary branches per plant of.,.saff lower, variety

mixture grown at four plant spacings, Marana,
Arizona, 1966.

Variety
mixture

Spacing in plantsi per foot Variety
mixture
mean20 12 6 3

Gila alone 5.9—Z 6.9 8.1 9.0 7.5 bed!/
A8254 alone 5.2 5.8 6.5 .'846 6.5 e
80% Gila: 
20% A8254 

Gila 
A8254

5.9 
5.3

6.5
5.9

7.5
7.3

8.3
8.2

7.0
6.7

cd
e

60% Gila: 
40% A8254 

Gila 
A8254

5.7
4.9

7.1
5.8

7.3 
6 47

10.6
8.2

7.7 
6.4

abc
e

40% Gila: 
60% A8254 Gila 

A8254 ,
5.7
5.4

7.1
5.9 8.1

6.8
10.3
8.3

. 7.8 
6.6

ab
e

20% Gila: 
80% A8254 Gila 

A8254
6.85.9 7.26.1 8.3

6.7 11.1
8.2

8.46.8
a

de
Plantspacing
mean 5.7 d-/ 6.4 c 7.3 b 9.1 a

—^Each value is the average for three replications
2/Treatment means followed by the same letter arenot significantly different as shown by Duncan's multiplerange test at the 1 per cent level.
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Table 21. Analysis of variance.for the number of primary, secondary, and tertiary branches per plant of 

safflower variety mixture grown at four plant 
spacings, Marana, Arizona, 1966.

Mean Square

Source of 
variation d.f.

No. of 
primary 
branches

No. of secondary 
and tertiary 

branches

Replicates 2 41.16 12.93
Variety mixture 9 5.17** 129.9V**
Gila linear 1 7.60** 5.81
Gila quadratic 1 2.06 0.31
A8254 linear 1 0.01 9.86
A8254 quadratic 1 0.01 0.01
Remainder 5 7.36** 230.74**
Main-plot error 18 1.06 5.15
Spacing 3 64.99** 464.21**
Spacing X variety mixture 27 0.65* 5.95*
Spacing X Gila linear 3 1.97** 3.00
Spacing X Gila quadratic 3 0.34 0.70
Spacing X A8254 linear 3 0.35 2.22
Spacing X A8254 quadratic 3 0.10 1.04
Sub-plot error 60 0.35 2.98

‘"'Significant at the 5 per cent level. 
'-'(-Significant at the 1 per cent level.
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Number of Secondary and Tertiary Branches per Plant

The results summarized in Table 21 show that the 
number of secondary and tertiary branches per plant were 
greatly influenced by variety mixture and plant spacing. 
There was a significant interaction between variety mixture 
and plant spacing which is due to the varying response of 
the variety mixture as illustrated by the remainder signifi
cance .

A8254 and its various ratios in the mixture were 
significantly greater than Gila with its different ratios 
in the mixture (Table 22).

Gila, being a normal branching variety produced 
primary and secondary branches only in this experiment;
A8254 produced ..primary, secondary, and tertiary branches.. 
(Table 23). This is where A8254 survived in competition 
with Gila.

Three plants per foot was significantly greater in 
the .number of secondary and tertiary branches per plant 
than the other plant spacing treatments (Table 22); 6 plants 
per foot was significantly greater than 12 and 20 plants 
per foot. This may be due to less competition in the case 
of wide plant spacing.

. .It. was found that the number of primary branches 
per plant was positively correlated with the number of 
secondary and tertiary branches per plant. The significant 
correlation coefficient was 0.99.
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. Table 22. Contribution of each variety to the number of secondary and tertiary branches per plant of 

safflower variety mixture grown at four plant spacings, Marana, Arizona, 1966.

Variety
mixture

Spacing in plants per foot Variety
mixture
mean20 12 6 3

Gila alone 0 .4 / 1.5 2.4 5.4 2.4 b2/
A8254 alone 4.5 6.1 10.3 18.0 9.7 a
80% Gila: 
20% A8254 Gila 0.5 0.7 3.0 6.1 2.6 b

A8254 5.1 5.9 8.2 14.3 8.4 a
60% Gila: 
40% A8254 

Gila 0.9 1.7 2.2 6.9 2.9 b
A8254 4.2 5.7 10.2 16.5 9.2 a

40% Gila: 
60% A8254 

Gila 0.5 1.3 3.2 8.4 3.3 b
A8254 4.1 5.5 10.1 15.9 8.9 a

20% Gila: 
80% A8254 

Gila 0.4 1.1 3.7 7.5 3.2 b
A8254 4.9 7,5 9.9 14.9 9.3 a

Plant
spacing
mean 2.5 c-/ 3.7 c 6.3 b 11.4 a

1/—  Each value is the average for three replications.
2 /—' Treatment means followed by the same letter are

not significantly different as shown by Duncan's multiple
range test at the 1 per cent level.



Table 23. Contribution of each variety to the number of secondary and tertiary 
branches (separately) per plant of safflower variety mixture grown at 
four plant spacings, Marana, Arizona, 1966.

Variety
mixture

No. of secondary 
branches per plant

Mean

No. of tertiary 
branches per plant

Mean
Plants per foot Plants per foot
20 12 6 3 20 12 6 3

Gila alone ' " o " . W 1.5 2.4 5.4 2.4 = = - = “
A8254 alone 3.2 4.6 6.9 13.1 7.0 1.0 1.5 3.4 4.8 2.7
80% Gila;
20% A8254

Gila 0.5' 0.7 3.0 6.1 2.6
A8254 3.4 3.9 5 .5 9.1 5.5 1.7 2.5 2.7 5.2 3.0

60% Gila;
40% A8254

Gila 0.9 1.7 2.2 6.9 2.9
A8254 3.5 4.5 6.9 10.4 6.3 0.7 1.1 3.3 6.1 2.8

40% Gila;
60% A8254

Gila 0.5 1.3 3.2 8.4 3.4
A8254 3.3 4.2 7.1 9.8 6.1 0.8 1.3 2.9 6.1 2.8

20% Gila;
80% A8254

Gila 0.4 1.1 3.7 7.5 3.2
A8254 3.7 5.4 7.3 9.7 6.5 1.1 2.1 2.5 5.3 2.8

A11258-1 2.4 2.8 5.4 8.5 . 4.8 0.1 0.3 0.4 1.7 0.6

—/Each value is the average for three replications. In



DISCUSSION

Characters Associated with the Response of Plants to Spacing and Competition in Total Yielcf
The number of heads per plant was the most impor

tant component determining seed yield, closely followed by 
the average number of seeds per head and seed weight per 
plant in a decreasing order of importance.

Tables 12, 14, and 15 show -that there was an 
increase in the seed weight per plant, number of heads per 
plant, and number of seeds per head in the case of Gila in' 
the various mixtures, reaching a ceiling value at the 
mixture 40% Gila; A8254 in the different mixtures did not 
exceed A8254 alone. Though Gila had fewer number of heads 
per plant, as compared to A8254, it dominated the mixtures 
and yielded higher than A8254 by virtue of its.large heads 
and seeds, and its competitive ability.

The variety which had a later flowering date, 
increased height, more heads per plant, and more branches 
per plant at wide spacings was able to utilize more effi
ciently the additional space provided by increased spacings.

Competition had a positive effect on the yield of 
Gila and A8254 in mixtures where Gila had the greater pro
portion of the mixture. All mixtures yielded about the 
same as the average of their components grown separately.
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This is in agreement with Stringfield1s (58) work in Ohio. 
There is little evidence obtained in this experiment 
suggesting increased yield from competition between plants 
of Gila and A8254. This does not prove that such phenomena 
do not exist in other genotypes or under other conditions.
It seems quite natural to assume that the effect of 
competition should be dependent upon the relative frequency 
of competing individuals within the population if the 
population is a mixture of two different genotypes, so far 
as the spacing between individuals remains constant. Also 
the degree of competition between two genotypes in a mixture 
depends upon a complex defining aggressiveness and is 
undoubtedly conditioned by season. JThe lower than expected 
performance of A8254 was attributed to the short season, as 
A8254 puts more heads and extends the season.

Characters Associated with the Response of 
Plants to Spacing and Competition in 

Per Cent Hull and Per Cent Oil
Considering the average of all variety mixtures 

hull percentage and oil percentage remained constant as 
plant spacings increased. A8254 and A11258?!, the con
tinuous branching varieties, and the mixture with the high 
percentage of A8254 had a tendency to decrease hull per
centage and increase oil percentage as spacing increased; 
however, these differences were not significant within the 
design of this experiment. The various mixtures were



within the range of Gila and A8254 with respect to hull 
percentage and oil percentage.

The relationship of hull and meat contents to oil 
percentage of the seed was of special interest. There was 
a negative correlation of -0.76 between oil content of the 
seed and hull percentage and a positive correlation of 
+0.98 between oil content and meat oil content. A11258-1,
a mutant from Gila, had less oil percentage than Gila 
because of higher hull percentage; whereas A8254 had less 
oil percentage than Gila because of both a higher hull 
content and lower percentage of meat.
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SUMMARY

A one-year study was conducted at Manana, Arizona, 
during 1966, to evaluate the effect of different variety 
mixtures (Gila, A11258-1, A8254, 80% Gilas20% A8254, 60% 
Gila:40% A8254, 40% Gila:60% A8254, 20% Gila:80% A8254), 
contrasting the branching character, flower color and depth 
of heads, and four plant spacings (20, 12, 6, and 3 plants 
per linear foot of row) on the total yield and other 
attributes of safflower.

Per cent hull was not affected by variety mixture 
or plant spacing. Variety mixture and plant spacing had a 
great influence on the oil content of the seed and meat.
The interaction of variety treatment X plant spacing in the 
case of meat oil content was significant due to the varying 
response of the variety mixture. The various mixtures were 
within the range of Gila and A8254. The lower plant 
density resulted in more seed oil content than the higher 
plant density.

There was no significant interaction between variety 
mixture and plant spacing for total yield, bushel weight, 
days to total flowering, total height, terminal height and 
depth of heads. The higher plant density resulted in 
earlier total flowering and taller plants than the lower 
plant density. The lower plant density resulted in higher
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seed yield and bushel weight than the higher plant density. 
The various component varieties in the mixture ranked 
between Gila and A8254 in total yield, bushel weight, and 
days to total flowering.

With the exception of the number of seeds per head, 
the interaction between variety mixture and plant spacing 
with regard to the yield components were significant.
Forty per cent Gila proved to be the best among all the 
variety mixtures with regard to the yield components. 
Heavier seed and more numerous heads per plant resulted 
from the lower plant density than the higher plant density.

Variety mixture and plant spacing influenced the 
number of primary, secondary, and tertiary branches per 
plant. The interaction variety mixture X plant spacing was 
significant. The lower plant density resulted in greater 
numbers of primary, secondary, and tertiary branches per 
plant than the higher plant density.

In plant competition, Gila dominated the different 
mixtures, was better in mixture than alone and was a 
competitive aggressor on A8254. The season was short for 
A8254 as it flowers over a longer period than Gila.
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