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AN ABSTRACT OF THE THESIS OF

Nabil Katkhuda for Master of Science

Major: Agronomy

Title: Effect of nitrogen fertilization and plant population on

agronomic and nutritional characteristics of safflower
iCarthamus tinctorius).

A field experiment was conducted at the Agricultural Research
and Education Center (AREC) in 1973 to determine the effect of nitrogen
fertilization and plant population on agronomic and nutritional
characteristics of irrigated safflower. The nitrogen rates were 75,
150, 300, and 600 kg N per hectare, and the plant spacings were
5x 75 cm, 10 x 75 cm, 5 x 37.5 em, and 10 x 37.5 em. The plant
populations for the different spacings were 266666, 133333, 533333, and
266666 plants per hectare, respectively. The design used was split plot
with main and subplots arranged in a latin square.

The variables measured were grain yield (kg per hectare),
mumber of heads per plant, number of seeds per head, kernel weight
(mg), plant height (cm), protein and oil percentages, and protein and
oil yield (kg per hectare).

No response to the different nitrogen fertilizer rates was
detected in most characters except in protein percent and protein
yield which were higher with the 300 and 600 kg N per hectare than
with the 75 and 150 kg N per hectare. The oil content was relatively
high with the low nitrogen rates.

The number of seeds per head, kernel weight, and oil and
protein percentages were not affected by spacing. Grain yield, plant
height, oil and protein yield were higher with the 37.5 cm row spacing
(266666 and 533333 plants per hectare) than with the 75 cm row spacing
(266666 and 133333 plants per hectare). The 10 x 75 cm spacing
(133333 plants per hectare) gave the highest number of heads per plant.
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I. INTRODUCTION

Safflower (Carthams tinctorius L.) is an oilseed crop well
adapted to the semi-arid regions of the world. It is grown mainly for
its oil which is highly regarded as a good quality oil for paints and
varnishes. Also, its oil is edible and is used as salad oil and in
margarines or shortening. The safflower meal is a suitable animal
feed.

The production of safflower would result in a needed diversi-
fication of the agriculture of the Middle East region, in that it would
add to the number of cash crops that could be grown. Increasing the
production of safflower in the region should be tied up with high yields
and high oil and protein content. Nitrogen fertilizers and plant
population and spacing are important factors, which should contribute
to successful production of safflower. The objective of this study is
to determine the response of the safflower variety UC-1 to different
levels of nitrogen fertilizers and different plant population and
spacing rates. The crop received high application of phosphorus,

potassium and zinc, and was grown under irrigated conditions.



II. REVIEW OF LITERATURE

Nitrogen fertilizer

Grain yield

Dhote and Ballal (1964) in a pot experiment with safflower
grown on calcareous clay loam soils of pH 7 to 9, found that the
application of 500 ppm of each of N and K20 and 1000 ppm of 9205 had
a beneficial effect on seed yield. Balanced fertilizing increased the
nutrients' uptake. Yermanos et al. (1964) and Jones and Tucker (1968)
reported that increasing rates of nitrogen fertilizers resulted in
increases in safflower yields. Knowles and Miller (1965) suggested for
the Davis region of California, U.S.A., the application of 85 to 142 kg
of N per hectare for irrigated safflower and 23 to 57 kg N per hectare
for dryland safflower. The grain yields obtained in this study ranged
from 2840 to 4540 kg per hectare. For comparison, the five year average
of safflower grain yield at the AREC was 2362 kg per hectare under
irrigated conditions and with 120 kg N per hectare as reported by
H. Nasr by personal commmnication., Garcia and Quilantan (1967)
recommended for safflower production to apply 100 kg nitrogen per ha
applied at sowing time, and no phosphorus fertilizer. Werkhoven and
Ingehretsen (1968) showed that if sufficient moisture was available,
yields continued to increase with high levels of nitrogen. Following
rice or sorghum, 170 kg nitrogen per hectare was adequate. Spring

application of fertilizers on safflower were more effective than autumn
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application.

Davidescu et al. (1966) found a significant increase in sun-
flower yield of 520 kg per ha due to the application of 100 kg per ha
each of nitrogen and phosphorus. Galgoczy (1968) concluded that a
single foliar fertilization applied at the beginning of flowering of
sunflower increased grain yield by 62%. An additional foliar dressing
at the time of seed formation resulted in a further increase. Velchev
(1970) reported that 120 kg nitrogen per ha increased seed yield of
sunflower by 11% and 120 kg P205 increased it by 21%, and nitrogen and
phosphorus together increased yield by L4O%. Potassium alone or with
nitrogen and phosphorus had no effect. Massey (1971) mentioned that
applying nitrogen at the rate of 56 kg per ha increased sunflower seed

yield. No further increase resulted from additional nitrogen. <

Number of seeds per head and number of heads per plant

Gilbert and Tucker (1967) reported that increases in safflower
grain yield due to increasing rates of ammonium phosphate was correlated
very strongly with the number of heads per plant and to a lesser degree
with the number of seeds per head. Jones and Tucker (1968) found that
nitrogen fertilization on safflower increased the number of heads in the
tertiary position, the weight per head in the secondary and tertiary
position, and the seed weight, thus resulting in increase in grain yield.
Also the mumber of seeds per head in the tertiary position was increased.
Houg et al. (1968) concluded that the application of nitrogen fertilizer
on safflower incréased the number of heads per plant, but had no

influence on the number of seeds per head or seed weight.



Massey (1971) found that nitrogen at the rate of 56 kg per ha
increased weight of seeds per heads, seed size and head diameter of

sunflower.

Seed weight

Gilbert and Tucker (1967) showed no significant differences in
seed weight of safflower due to nitrogen fertilization at the rate of
57 kg per ha applied prior to planting. Jones and Tucker (1968) reported
that increases in head weight of safflower as a result of increases in
nitrogen fertilizer was mainly due to increases in seed weight in the
secondary position. Houg et al. (1968) mentioned that fertilizer did

not significantly influence the weight per seed of safflower.

Plant height

Houg et al. (1968) reported that plant height of safflower was
increased with increasing the rate of nitrogen fertilizer. Massey
(1971) found that nitrogen at the rate of 56 kg nitrogen per ha
increased height of the sunflower by 11 cm and the stem diameter by

4 mm. No further increases resulted with additional nitrogen.

Oil content

Yermanos et al. (1964) concluded that increasing nitrogen rates
resulted in a depression in the oil content of safflower seeds. However,
the total oil produced per unit area was more from safflower receiving
nitrogen. Houg et al. (1968) reported that safflower 0il content was
not influenced by the rates of fertilizer applied, but there was a

highly significant negative correlation between oil content and kernel



weight. As the weight per kernel increased the oil content in the seed
decreased. A highly significant positive correlation was found between
0il guality and kernel weight. Werkhoven and Ingehretsen (1968) showed
that applying 182 kg of nitrogen per hectare decreased the oil
percentage by 1 to 2%, but this was offset by considerable increase in
grain yield of safflower.

D'yakov (1971) found that increases in sunflower grain yields
resulting from increased rates of fertilizer nitrogen did not result
in reduction of the seed oil content if nitrogen was applied at the
right period and the rates were not excessive, Yield of oil per unit

area increased with increases in grain yields.

Protein content

Shimanskii (1961), Shimanskii (1965) and Shimanskii and Losak
(1961) reported that nitrogen fertilizers lead to an increase in protein
content in safflower and sunflower seeds. Decau et al. (1972) concluded
that high yields and high protein contents of sunflower could be

obtained by the early application of high rates of nitrogen.

Spacing
Grain yield

Brauns (1961) indicated that good yields of safflower can be
obtained from 35 cm row spacing using 16 to 31 kg of seeds per ha and
from 52.5 cm row spacing using 20 kg of seed per ha. The 17.5 cm and
70 cm row spacings gave poor yields. Knowles and Miller (1965)
reported that in row plantings of safflower the rows should be 32.5
to 60 cm apart if the crop was grown on dry land. Under irrigation,

the highest yield would be obtained if the rows did not exceed 60 cm



in width. Peterson (1965) showed that solid seeding (17.5 to 25.0 cm
rows) of safflower produced more seed than safflower planted in wider
cultivated rows up to 40 inches (1 m) apart. Beech and Norman (1967)
reported that safflower variety Gila was sown in double rows in 105 cm
furrows or drilled closely to give 6 plant densities ranging from
28,400 to 673,800 plants per ha. Seed yield per ha increased with
increased plant density up to 129,500 plants per ha and then fell
sharply. Houg et al. (1968) concluded that the yield of safflower from
15 or 53 cm spaced rows was significantly larger than the yield from
91 cm spaced rows. Montilla (1968) on a plant density experiment with
safflower, obtained his highest yield of 14,50 kg seed per ha with the
highest plant density of 500,000 plants per ha. The spacing of the
plant density were 4O cm between rows and 5 cm between plants within
the row.

Dunutrescu and Pinzaru (1967) concluded that the optimum plant
densities of sunflower were 60,000 plants per ha for the more widely
spaced rows and 50,000 plants per ha for the closer spaced rows (80 and
100 cm). Ilisulu (1968) showed that sunflower grown at a spacing of
50 x 30 cm gave the highest yields of 1640 kg per ha and the lower
yields of 1310 kg per ha were obtained from a spacing of 80 x 60 cm;
yields were intermediate for spacings of 60 x 60 or 70 x 50 cm.
Radenovic (1971) reported that the 35 cm row spacing gave the highest
yields in sunflower (4.76 and 4.78 tons per ha) as compared to the 25,

30 and 40 cm spacings.

Number of seeds per head and number of heads per plant

Williams (1963) reported that increasing plant spacing of



safflower did not influence the number of seeds per head in the primary
and secondary heads. Peterson (1965) stated that an increase in plant
population of safflower grown in 17.5 cm rows resulted in a decrease in
the number and size of seed heads. Beech and Norman (1966) reported
that safflower variety Gila was sown in double rows in 105 cm furrows
or drilled closely to give six plant densities ranging from 28,,00 to
673,800 plants per ha. The number of seeds per head showed little
effect by these densities. Houg et al. (1968) found that safflower
plants in 15 cm spaced rows had significantly fewer heads per plant,

and fewer seeds per head than those produced in 53 or 90 cm spaced rows.

Seed ht

Beech and Norman (1966) reported that different plant densities
of safflower variety Gila grown in double row 105 cm furrows had no
effect on 100 seed weight. Houg et al. (1968) reported that safflower
plants in 15 cm spaced rows produced seeds with lower 100 seeds weight
than those produced in 53 or 90 cm row spacing. Also they found that
there was a highly significant negative correlation between oil content

and seed weight.

Plant height
Houg et al. (1968) reported that row spacing in safflower

influenced plant height, the plants in 90 cm spaced rows were signifi-
cantly taller than plants in 15 or 53 cm spaced rows. Montilla (1968)
stated that safflower plant height was not affected with 40, 60 or

80 cm row spacing or with 5, 10 or 15 cm within row spacings,

Massey (1971) found that in sunflower, within row spacings



of 15, 30, and 46 cm did not affect plant height or the number of
leaves. Radenovic (1971) reported that sunflower plants at the
closest spacing were significantly taller than those at the widest
spacing. The within row spacings were 25, 30, 35 and 40 cm apart in

70 em row spacing.

Oil content

Clement and Lehman (1962) observed a highly significant
reduction in oil contents of safflower due to increased plant spacing
from 2.5 to 48 em. Williams (1963), in plant spacing studies with
safflower, reported that oil content decreased as within row spacing
increased for 2.5 to 48 cm when the row spacing was 1 meter. Peterson
(1965) stated that increasing the distance between rows from 17.5 em
up to 1 meter did not influence the oil content of the seed, however,
the oil content decreased when plant population was increased in the
17.5 em rows. Houg et al. (1968) concluded that safflower in 15 cm
spaced rows had significantly higher oil content than safflower grown
in 53 or 90 cm spaced rows. When the unit area per plant was increased
the oil content in the seed was decreased. Rahman et al. (1969) showed
that safflower plants when broadcasted, or sown at the spacing of 7.5,
17.5, 27.5, 37.5 and 47.5 cm square to the plant in rows 45 cm apart,
the 7.5 cm square spacing gave the highest yield of oil per foot (6 to
8 g), but oil content of the seed was highest (24%) when the crop was
broadcasted. Miseta (1969) found that the highest oil content in
sunflower seeds and the highest yield of oil per ha occurred when

plants were grown at the spacing of 60 x 30 cm.



ITI. MATERTALS AND METHODS

A field experiment was conducted in 1973 to study the effect
of nitrogen fertilizer and plant population on agronomic and nutritional
characteristics of irrigated safflower. The experiment was carried out
at the Agricultural Research and Education Center (AREC) of the American
University of Beirut (AUB) in the Bega'a plain, Lebanon. Irrigation was
done in furrows and at weekly intervals. The design of the experiment
was split plot with latin square arranged in main plots and subplots
and with four replications. Rates of nitrogen fertilizers were the main
plots and the population rates were the sub-plots. The nitrogen rates
were 75, 150, 300, and 600 kg nitrogen per hectare applied in split
applications, with 66.7% at planting time and 33.3% at about 45 days
later. The source of nitrogen used was calcium-ammonium-nitrate. The
population rates were 133333 plants per ha at the spacing of 75 cm x
10 em, 266666 at the spacing of 75 cm x 5 cm and 266666 at the spacing
of 37.5 em x 10 cm, and 533333 at the spacing of 37.5 em x 5 cm. Plots
included four rows in the case of the 37.5 cm row width and three rows
in the case of 75 cm row width. The irrigation furrows were spaced at
75 em in all plots. In the case of the 75 cm row spacing the plants
were grown in one single row on the ridge between the two irrigation
furrows; however, in the case of the 37.5 cm row spacing, the plants
were grown in two rows on the ridge spaced at about 33 cm apart leaving

about 42 cm between the second row of one ridge and the first row of
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the adjacent ridge. The average of the 33 and the 42 cm spacings will
be referred to hereafter in this thesis as the 37.5 cm spacing. The
row length was five meters. A blanket application of 300 kg P205 y
100 kg K20, and 50 kg ZnSOh per hectare were applied before planting.
Contimous (solid) planting was done on April 18, 1973
employing hand planters, and thinning to the exact spacing was done
when the plants were about 3 to 4 cm tall., Weeds were controlled by
hand at two intervals. Aphids were controlled twice by spraying with
metasystox.
Five randomly selected plants per plot were harvested at
maturity (August 30) and the following data were taken:
1. Plant height in em. This was measured from the soil
surface to the top of each plant.
2. Number of heads per plant.
3. Number of seeds per head. This was measured by counting
the seeds of 10 heads of each of the five plants.
Three square meters were harvested of each plot, plants threshed

and seed weight recorded. Grain yield was converted to kg per ha.

Hundred kernel weight was measured for each plot.

Protein determination
A modified kjeldahl method was used for the determination of
protein content as fc:llv::mrs:1

One and a half grams oven dried samples of finally ground seeds

1. Personal commnication from Dr. Ramzi Khalidy, Professor of
Subtropical Horticulture, Faculty of Agricultural Sciences.
American University of Beirut. Beirut, Lebanon,



1

in a coffee grinder was placed in 800 ml kjeldahl flask. Fifteen grams
of digestion mixture (2 parts of potassium sulfate and one part copper
suliat.e), and 25 ml concentrated sulfuric acid were added to the flask.
The contents were digested for two hours until the color becomes clear.
The samples were cooled and 350 ml of distilled water, six granules of
zinc, eight crystals of sodium thiosulfate, a few glass beads, and 75
ml of 45% sodium hydroxide were added to the flask. Immediately the
flask was connected to the distillation unit, shaked, and put on the
heater, and with tip of condenser immersed in 100 ml 4% buric acid
solution colored with eight drops of indicator (Methyl red and Methyl
blue). One hundred and fifty milliliter distillate was collected. The
distillate was titrated with standard hydrochloric acid (0.0564) to a
blue end point.

ml acid used x N of acid x 1.4 x 6.25

Protein percent =
weight of sample

Protein yield in kilogram per hectare was determined for each

plot by multiplying the grain yield with its protein percent.

0il determination
The method of oil determination was as fo].'lows:1
Seed samples were put 48 hours in the oven at 60°C, these
samples were ground by a coffee grinder and were put in the oven at 60°C

for 24 hours.

1., Developed from the following sources by Dr. A.R. Saghir, Associate
Professor of Weed Science.

a. Horwitz, W. Chairman, 1960. Official Methods of Analysis of
the Official Agricultural Chemists, Washington, D.C. (9th ed.).

b. McMasters, M.M. Chairman, 1962. Cereal Laboratory Methods
American Association of Cereal Chemists. Minnesota (7th ed.).
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One gram of each sample was weighed on a filter paper, wrapped,
and put in & thimble. A piece of absorbant cotton was placed on the
top of the thimble which was placed in the Soxhlet Extraction tube.

A washed flask was dried and attached to the Soxhlet Extraction
tube. Ether was added in the Scxhlet Extraction tube two times so that
it siphons down twice to the flask. The water tap was opened so that
it was circulated continuously through the condensers. The temperature
of the apparatus was 25°C so that the ether dropped from the condenser
at a rate of 2 to 3 drops per second.

Extraction was continued for 20 hours after which the ether
collected in the Soxhlet tubes was poured into a bottle. The thimble
was removed and the apparatus was reassembled so as to collect the
remaining ether of the flask into the Soxhlet Extraction tubes. When
all the ether had been collected in the tubes, the apparatus was
disconnected. The flasks were put on a hot plate to evaporate the
remaining ether from flasks. After cooling to room temperature, any
moisture or dust outside of the flask was removed and then the flask
weighed. This weight mimus the weight of the flask alone gave the

weight of the oil.

- __Weight of oil
Oil percent Weight of sample = 10

0il yield in kilogram per hectare was determined to each plot by

mltiplying the seed yield by its oil percentage.

Statistical analyses
Statistical analyses appropriate to the split plot design and

latin square were according to the procedures followed by Cochran and



Cox (1968, pp 293-316 and 95-142 respectively).

LSD values were calculated and used for tests of significance.

13



IV. RESULTS AND DISCUSSION

Grain yield

No grain yield responses to the different nitrogen fertilizer
rates were observed in this study (Table 1). This is perhaps due to
the fact that the lowest nitrogen rate used (75 kg N per hectare) was
adequate, under the condition of this experiment, for the grain
production of such a high cellulose crop. These results approach
those of Stern and Beech (1965) who showed that seed yield of safflower
treated with nitrogen fell below that of control. The effect of
spacing and population, on the other hand, was highly significant. The
37.5 cm row to row spacing was superior in grain yield to the 75 cm row
spacing. No significant nitrogen x spacing interaction was detected,
however, the higher yields of the heavy population rates and high

nitrogen fertilizer cannot be unoticed.

Number of heads per plant
No significant differences were detected in number of heads

per plant among the four different nitrogen levels tested (Table 2).
The effect of spacing and population rates, however, was highly
significant, where the number of heads per plant was higher with the

75 e¢m row spacing as compared to the 37.5 em low spacing. Also, the
lower population rates had plants with more heads. Less plants per
hectare and wider row spacing provided more space thus producing plants

with more heads. These results were in agreement with the findings of

14
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Houg (1968).

Table 1. Grain yield in kg per hectare of safflower grown under
different nitrogen levels and spacings at the AREC in

1973.
Nitrogen levels

Spacings

cm 75 kg/ 150 kg/ 300 kg/ 600 kg/ AYeTeae

hectare hectare hectare hectare
Grain yield (kg per hectare)

10 x 75 2838 2733 2980 2233 2696
5x 75 2735 3120 2560 2700 2776
10 x 37.5 3410 3688 3585 3888 3643
5x 37.5 3085 3438 3813 3485 3455
Average 3017 3245 3235 3077
LSD .05 for N = NS LSD .01 for spacing = 41.5

18D .05 for spacing = 30.5 1LSD .05 for nitrogen x spacing = NS
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Table 2. Number of heads per plant of safflower grown under different
nitrogen levels and spacings at the AREC in 1973.

Nitrogen levels

Spacings A

em 75 ke/ 150 ke/ 300 kg/ 600 kg/ " oToES

hectare hectare hectare hectare
Number of heads per plant

10 x 75 28.0 26.3 28,2 27.2 27.4
5 x TS5 21.1 21.2 18.1 19.7 20.0
10 x 37.5 16.2 18.4 18.5 19.8 18.2
5% 37.5 16.4 14.0 16.5 15.8 15-7
Average 20.4 20.0 20.3 20.6
LSD .05 for N = NS LSD .01 for spacing = 3.21
LSD ,05 for spacing = 2.36 LSD .05 for nitrogen x spacing = NS

Number of seeds per head

No significant differences were detected in number of seeds
per head among the four different nitrogen levels tested (Table 3).
These results are similar to those obtained by Houg et al. (1968).
The effect of spacing and population rates was not significant on the
mumber of seeds per head. These findings agree with Beech and Norman
(1969) and Williams (1963).
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Table 3. MNumber of seeds per head of safflower grown under different
nitrogen levels and spacings at the AREC in 1973,

Nitrogen levels

Spacings

cm 75 kg/ 150 kg/ 300 kg/ 500 kg/ TYOTRES
hectare hectare hectare hectare
Number of seeds per head

10 x 75 32.0 28.5 3k .4 27.2 30.5
5x 75 29.8 30.6 29.3 27.9 29.4
10 x 37.5 31.2 29.1 34.5 31.4 31.6
5x 37.5 28.3 28.8 27.9 25.4 27.6
Average 30.3 29.2 31:5 28.0

LSD .05 for N = NS
LSD .05 for spacing = NS
LSD .05 for nitrogen x spacing = NS

Kernel weight

No significant differences were detected in kernel weight among
the four different nitrogen levels tested (Table 4). This agrees with
the result of Houg et al. (1968) and Gilber and Tucker (1967). The
response of kernel weight to the different spacing and population rates

was not significant. Similar results were obtained by Beech and Norman
(1966) .
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Table 4. Kernel weight (mg) of safflower grown under different
nitrogen levels and spacings at the AREC in 1973.

Nitrogen levels

it 75 e/ 150 ke/ 300 kg/ 600 kg/ MVOrAE
hectare hectare hectare hectare
Kernel weight (mg)

10 x 75 41 L1 L2 38 L1
5x 75 b2 41 L1 L2 L2

10 x 37.5 L2 L3 40 42 L2

5 x 37.5 42 43 L2 L2 L2
Average L2 L2 41 L1

LSD .05 for N = NS
LSD .05 for spacing = NS
LSD .05 for nitrogen x spacing = NS

Plant height
The plants grown under different nitrogen fertilizer rates

did not differ significantly in their heights (Table 5). The response
of height to different levels of nitrogen was not significant., On the
other hand, the effect of spacing and population was significant. The
plants grown in 37.5 cm row spacing were taller than those grown in

75 em row spacing. No significant nitrogen x spacing interaction was
detected. This is in close agreement with the findings of Rudenovic
(1971).
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Table 5. Plant height (cm) of safflower grown under different
nitrogen levels and spacings at the AREC in 1973.

Nitrogen levels

Spacings

cm 75 kg/ 150 kg/ 300 kg/ 600 kg/ Average
hectare hectare hectare hectare
Plant height (em)
10 x 75 108.3 100.6 108.8 104.7 105.6
5x 75 108.1 109.5 104.8 104.9 106.8
10 x 37.5 104.8 113.0 110.2 112.5 110.1
5x 75 11.4 108.2 108.6 113.9 110.5
Average 108.2 107.8 108.1 109.0

1SD ,05 for N = N3
LSD .05 for spacing = 3.69
LSD .05 for nitrogen x spacing = NS

0il percent

The oil percentage of four nitrogen fertilizers and four
spacings are given in Table 6.

The differences in grain oil percentage among the four levels
of nitrogen fertilizer were significant. The lower nitrogen rates
resulted in higher grain oil percentage. This may be due to the increase
in protein percentage due to the higher nitrogen rates (Table 8). The
effect of spacing and population on grain oil percentage was not
significant. In other words, increasing the row spacing from 37.5 cm

to 75 cm did not influence the grain oil percentage. This is similar
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to Peterson's (1965) findings.

Table 6. Percent oil of safflower grown under different nitrogen
levels and spacings at the AREC in 1973.

Nitrogen levels

Spacings Average

em 75 kg/ 150 kg/ 300 kg/ 600 kg/ g

hectare hectare hectare hectare
Percent oil

10 x 75 33.6 32.6 321 34.0 33.1
5x 75 35.0 34.3 33.3 33.9 34.1
10 x 37.5 34.0 3h.6 32.4 32.7 33.5
5 x 37.5 33.3 35.0 33.2 32.9 33.6
Average 34.0 3h.1 32.8 33.4

LSD .05 for nitrogen = 0.95
LSD .05 for spacing = NS
LSD .05 for nitrogen x spacing = NS

0il yield
No significant differences were observed in oil yield of

safflower grown under four different nitrogen fertilizer rates ranging
from 75 to 600 kg N per ha (Table 7). This was expected since neither
the grain yield nor the seed oil percentage responded favourably to the
increase in nitrogen fertilizer.

The effect of spacing and population in seed oil was highly

significant. The 37.5 em row spacing produced seeds that were higher
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Table 7. O0il yield in kg per hectare of safflower grown under
different nitrogen levels and spacings at the AREC in 1973.

Nitrogen levels

Spacings kreri
om 75 kg/ 150 ke/ 300 ke/ 600 kg/ e
hectare hectare hectare hectare
0il yield (kg per hectare)
10 x 75 953 892 957 756 890
5x 75 958 1071 851 909 947
10 x 37.5 1161 1279 1162 1273 1219
5 x 37.5 1030 1213 1266 1143 1163
Average 1026 1114 1059 1020

LSD .05 for N = NS

LSD ,05 for spacing = 11.27
LSD .01 for spacing = 15.32

LSD for nitrogen x spacing = NS

in oil yield than the 75 cm row spacing. Also higher oil yields were
obtained with higher population rates. This result was expected
because the grain yield in kg per ha of the 37.5 cm row spacing was
higher than those of the 75 cm row spacing, and such spacings had no
effect on oil percentage. These results are similar to the results
obtained by Houg et al. (1968), Clement and Lehman (1962) and Williams
(1963).

The interaction between nitrogen and spacings did not

significantly influence the oil yield.



Protein percent

Highly significant increases in percent protein were found with

high levels of nitrogen fertilizer (Table 8). Six hundred and 300 kg N

per hectare produced grain higher in protein percentage than the 75 and

150 kg N per hectare. These results are in agreement with the findings

of Shimanskii (19¢5), (1961), and Shimanskii and Losak (1961). The

effect of spacing and population on protein percentage was not present.

No significant nitrogen x spacing interaction was detected.

Table 8. Percent protein of safflower grown under different nitrogen

levels and spacings at the AREC in 1973.

Nitrogen levels

Spaziégs 75 kg/ 150 kg/ 300 kg/ 600 kg/ Average
hectare hectare hectare hectare
Percent protein

10 x 75 17.7 17.7 19.2 19.5 18.5

5 xT5 17.4 175 19.9 20.7 18.9
10 x 37.5 17.1 17T 19.8 20.9 18.9

5 x 37.5 16.4 17.8 19.5 20.8 18.6
Average 17.2 17.7 19.6 20.5

LSD .05 for nitrogen = 1.18

18D .01 for nitrogen = 1.79

LSD .05 for spacing = NS

ISD .05 for nitrogen x spacing = NS
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Protein yield

The protein yield was significantly increased with increasing
the nitrogen rates (Table 9). The 600 and 300 kg N per ha were higher
than the 75 and 150 kg N per ha. This difference was expected since
the protein percentage was highly increased with increasing level of
nitrogen and the grain yield was not affected with such nitrogen
increases. The effect of spacing and population was highly significant.
The 37.5 cm row spacing was superior in protein yield over the 75 em
row spacing and higher protein yield were obtained with the higher
population rates.

The interaction nitrogen x spacing was significant at the 5%
level. The spacings 10 x 37.5 cm and 5 x 37.5 cm with the 600 and the

300 kg N per ha produced the highest protein yield.

Table 9. Protein yield in kg per hectare of safflower grown under
different nitrogen levels and spacings at the AREC in 1973.

Nitrogen levels

Tt 150 kg/ 300 ky/ 600 kg/ VOTREC
hectare hectare hectare - hectare
Protein yield (kg per hectare)
10 x 75 498 Le3 572 L35 520
5x 75 476 550 508 560 497
10 x 37.5 582 650 712 810 689
5x 37.5 499 615 Thiy 723 6L 5
Average 514 575 634 632
LD (03 for mitrogen = 1% 1S 105 for mivrosen x spacing = 12.8



Cost analyses based on grain yield

The net profit in Lebanese pounds slightly increased with the

150 and the 300 kg N per hectare and decreased with the 600 kg N per

hectare as compared with that of the 75 kg N per hectare application.

The economical analyses were done according to the procedures

followed by Stickley and Kizirian (1970).

Table 10. Cost analyses in Lebanese pounds per hectare of safflower
production at different nitrogen levels.

Cost and return

Nitrogen levels (kg per hectare)

75 150 300 600
Lebanese pounds
1. Land rent including
irrigation water 875.0 875.0 875.0 875.0
2. Seeds for safflower
80 kg/ha at .65
Lebanese pounds per kg 52.0 52.0 52,0 52.0
3. Fertilizers
Triple superphosphate 182.6 182.6 182,6 182.6
600 kg/ha
Potassium sulfate
200 kg/ha 56.0 56.0 56.0 56.0
Zinc sulfate
50 kg/ha 50,0 50.0 50.0 50.0
Calcium-ammonium-nitrate 46 .2 92.3 184.6 369.2
L. Transplanting seeds and
fertilizers 20.0 20.0 20.0 20.0
5. Surface plowing 50.0 50.0 50.0 50.0
6. Ridging and ditch making 30.0 30.0 30.0 30.0
7. Distributing fertilizers
and covering 30.0 30.0 30.0 30.0



Table 10 (Contimued)
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Cost and return

Nitrogen levels (kg per hectare)

75 150 300 600
8. Planting safflower 30.0 30.0 30.0 30.0
9. Irrigation 180 times 360.0 360.0 360.0 360.0
10. Cultivation 50.0 50.0 50.0 50.0
11. Spraying 50,0 50.0 50.0 50,0
12. Harvesting 23.3 23.3 23.3 23.3
13. Total 1905, 1 1951,2 2043.5 2228.1
14. Interest 4% 76,2 78.0 81.7 89.1
15. Total cost 1981.3 2029.2 2125.,2 2317.2
16. Grain yield 3017.0 3245.0 3235.0 3077.0
17. Price per kg seeds' 1.0 1.0 1.0 1.0
18, Net profit 1035.7 1215.8 1109.8 759.8

1. Due to absence of safflower in the Lebanese market the subsidized

price of sunflower was used.



V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

A field experiment was conducted at the AREC in 1973 to
determine the effect of nitrogen fertilization and plant population on
the agronomic and nutritional characteristics of safflower (Carthams
tinctorius). The design used was split plot with main and subplots
arranged in a latin square. The main plots were nitrogen fertilizers
(75, 150, 300, and 600 kg N per ha), and subplots were spacings ( 5x 75,
10 x 75, 5 x 37.5, and 10 x 37.5 cm) with population rates 266666, 133333,
533333, and 266666 plants per hectare respectively. The different levels
of nitrogen fertilizers had no significant effect on all characteristics
except protein percentage, protein yield, and 0il percentage. Increasing
rates of nitrogen fertilizers led to the increases in protein percentage
and protein yield and slight increases in net profit except for the 600
kg N per ha which resulted in decreased net profit when compared with the
75 kg N per ha application. The oil percentage was higher with the
lower nitrogen rates (75, and 150 kg N per hectare gave higher oil
percentage than 300 and 600 kg N per hectare). Plant spacing greatly
affected grain yield, plant height, oil yield, protein yield, and number
of heads per plant. These characteristics were higher with the 37.5 cm
row spacing than with the 75 cm row spacing. Population rates of such
spacings were 533333 and 266666 plants per hectare respectively. The
10 x 75 cm spacing (133333 plants per hectare) gave the highest number
of heads per plant. Spacing did not affect the number of seeds per

head, kernel weight, oil and protein percentage.
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Conclusions

On the basis of the results obtained in this experiment the
following conclusions can be drawn:

1. The application of different nitrogen fertilizer rates
did not result in increasing grain yield and its components, but
increased the protein percentage and protein yield and decreased the
0il percentage and oil yield.

2. The decrease in row spacing and the increase in population
rates increased grain yield, plant height, oil and protein yield, and

decreased the number of heads per plant.

Recommendations

Based on the results of this study, the following
recommendations can be made:

1. For higher yields safflower need to be grown in 37.5 cm
row spacing and at 5 to 10 cm within row spacing. The population rates
of such spacing are 266666 to 533333 plants per hectare.

2. Higher levels of nitrogen fertilizers above the 75 kg N
per hectare are not recommended for higher grain yield and oil yield,
under the condition of this experiment, but could be suggested for
higher protein yield.

3. Further investigations on response to different rates of
nitrogen including zero nitrogen, and in combination with rates of
phosphorus fertilizers is also recommended.

L. It is recommended that a great emphasis be given to

safflower production in the Middle East to supply oil, protein and
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meal by products to this area.
5. It is recommended that a breeding program on safflower for

high oil percentage and resistance to insects and diseases be made in

this area.
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Appendix B

List of abbreviations

Word or Sentence Avbreviation
Agricultural Research and Education Center AREC
American University of Beirut AUB
and others et al.
centigrade %
centimeter(s) cm
degrees of freedom D.F.
gram(s) g
hectare ha
kilogram(s) kg
Least significant difference LSD
milligram(s) mg
milliliter(s) ml
nitrogen N

Not significant NS
number No.
page(s) P, PP
per /
percent %
Sum of square(s) 8.5,
Mean square M.S.
weight wt.
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