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ABSTRACT

Two field experiments were carried out at the Agricultural Experiments Desert
Statlon of the Facully of Agriculture, Cairo University in Wadi El-Natroon, El-Beheira
Governorate, during 2006/2007 and 2007/2008 seasons to study the response of 6 local
and 7 introduced safflower genotypes to four nitrogen levels (30,45,60 and 75 kg N/fad)
under drip irrigation system. The objectives of this research were to find out the best
genotype(s} 1o be grown under the stress conditions (sandy soil and salinity irrigation
water of 2560-2650 ppmy and 1o determine the optimum nitrogen level for each genotype.
Nitrogen level of 75 kg N/fad recorded the highest values of plant height, number of
branches/plant, number of capitula/plant, number of seeds/capitulum, seed yield/plant,
seed index, seed oll percentage, seed and oil yield/fad, as well as, water use efficiency
(WUE). Two local genotypes (Bani-Suef and Aswan), as well as, three exotic genotypes,
(Demo-137, §-350 and Turkey-168) surpassed the other genotypes in seed yield, oil
Yieldfad and WUE. The interaction between nitrogen levels and genotypes was
significant for seed oil percentage, seed yleld, oil yield and WUE. The highest seed yield
and WUE were realized for Bani-Suef genotype fertilized with 60 kg Nffad. Meanwhile,
the highest oil yleld was achieved under 75 kg N/fad by the exotic genotype Turkey-168.
The correlation study showed significant positive assoclation between seed yield and most
studied characters. _
Key words: Carthamus tinctorius, Safflower, Genotypes, Nitrogen, Reclaimed soils, Drip

irrigation, Correlation coefficients, WUE.

INTRODUCTION

The local edible oil production, in Egypt, is not sufficient. There is a
vast gap (90%) between production and consumption (FAO 2004). This gap
is mainly due to the limited area devoted to oil crops and increasing the
average of oil consumption per capita from 12 kg to 14 kg. Consequently,
the previous reasons reflect our exigent need to direct more attention to oil
crops especially winter oil crops such as safflower and canola.

Safflower is one of the promising oil seed crops, which may play an
important role in increasing edible oil production in Egypt. Its oil is
nutritionally similar to olive cil but much less costly. Oleic safflower oil
tend to lower blood levels of low-density lipoprotein, LDL (bad
cholesterol), without affecting high-density lipoprotein, HDL (good
cholesterol), (Smith, 1996). Recently, an important approach via




biotechnology was developed for safflower as a new source of similar
human insulin by a Canadian biotechnology company. It can produce over
one kilogram of insulin per acre of safflower production, which is enough to
supply 2500 patients for one year (Nancy 2006). Such approach may
encourage small farmers in developing countries to grow safflower on large
areas. - . '
Safflower is a deep-rooted crop which can tolerate water stress
(Drodas and Sioulas 2009). It is capable to produce a high seed yield with
minimum water requirements (Sharaan er al 1991). The salinity of the
ground water causes less seed yield reduction of 15 % and total biomass by
12 % compared with a well-watered crop in the same soil (Soppe and Ayars
2003). The chance of planting safflower, in the winter season in Delta and
Nile valley, faces high competition with various major winter crops. The
newly reclaimed soils offer a great opportunity to expand safflower planting
due to its ability to withstand stress conditions in these soils such as poor or
low soil quality, salinity, water stress, sodicity problems and limitation of
water resources. The main obstacles for planting safflower are the limited
genotypic materials and their narow genetic background with respect to
adaptation to these conditions in Egypt.

Ghanem and Ash-Shormillesy (2007), as well as, Leilah ef al. (1992)
stated that with increasing nitrogen level, seed yield/plant was significantly
increased. Also, Miindel ef al (2004) recorded similar result with seed
yield/unit area. On the contrary, Elfad]l (2007) found that the nitrogen rate
did not have a significant impact on plant height, seeds/plant, number of
branches and heads/plant, seed yield, as well as, oil yield. This may be
interpreted as ability of safflower to use residual soil-N efficiently.

Yield and yield components of safflower were significantly affected
by the genotypes (Camas e al 2007, Eslam 2004, Mokhtassi-Bidgoli et al
2007, Fernandez-Martinez ef al 1993, Osman and Ali 2006, Sharaan ez a/
1991, Uslu et al 1998 and Mufioz-Valenzuela et al 2007). By contrast,
Samanci and Ozkaynak (2003) found no significant differences among
safflower genotypes in seed yield. Meanwhile, they recorded significant
differences among genotypes in oil content. Osman and Al (2006) reported
that the introduced lines surpassed the local cultivar in water use efficiency.

The objectives of this research are: to find out the best genotype (s)
to be grown under stress in Egypt conditions and to determine the optimum
nitrogen level for these genotypes under drip irrigation system.

MATERIALS AND METHODS

Two field experiments were carried out at the Agricultural
Experiments Desert Station, Faculty of Agriculture, Cairo University in
Wadi El-Natroon, El-Beheira Governorate, during the two successive winter
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Table 1. Physical and chemical properties of soil in 2006-07 and 2007-08

seasons.
Seasons
Soil properties 2006/2007 2007/2008
Site 1 Site 2

Physical properties

Sand % 93.52 92.33

Silt % 4.35 542

Clay % 2.13 225

Texture Sandy Sandy
Chemieal properties

Soil (pH) 7.85 7.80

Ec (ds/m} 3.08 7.80 -

Organic Matter (%) . 021 0.29

Total CaCo; (%) 2.50 2.60

Total N (%) 0.50 : 0.60
Soluble anions concentration (meq/L) (meq/100g soil)

cl . 80.75 7740

HCOy (.45 0.50

SO, 0.54 _ 0.50
Soluble cations concentration (meq/L) (meq/100g soil) :

Na’ 46.44 520

K 0.51 100 -

Ca" 18.20 8.00

Mg™ 15.51 17.0
Table 2. Chemical analysis of water sample in 2006 and 2007 vears,

pH EC Ions concentration meg/L
Year HCOs - - - + .
Unit | ds/m | PPM + CI SO, |Ca” | Mg Na" | K
COy

2006 | 7.54 | 4.00 | 2560 40 |325]925] 4.0 60 1352054
2007 | 748 ) 4.14 | 2650 3.5 3031 743 | 5.50 | 4.50 | 30.8 | 0.43

seasons of 2006/2007 and 2007/2008. The mechanical and chemical
analysis of the soil and water analysis were carried out by the Reclamation
and Development Center for desert soils, Faculty of Agriculture, Cairo
University. The analyses are presented in Tables (1) and (2).

Table (1) reveals that soil of the experimental site was considered
sandy, saline and poor in nutrients (N P K), as well as, organic matter. Also,
Table (2) refers that irrigation water is saline and poor in nutrients. Two
field experiments were conducted under drip irrigation system. Each
experiment included 52 treatments which were the combinations of:

* 1- Four nitrogen levels, viz, 30, 45, 60 and 75 kg N/ fad (fad =
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4200m?).

- 2- Thirteen genotypes (Table 3). Six of these genotypes, were local
entries including Giza-1, the sole cultivar grown in Egypt and 5 genotypes
(land races) collected from 5 Governorates as farmer's seed lots representing
upper, middle and north Egypt. The remaining seven safflower genotypes
were imiported by Oil Seed Crops Research Program, Field Crops Research
Institute, Agricultural Research Center (ARC), Egypuan Ministry of
Agriculture.

Table 3. Sources of safflower genotypes.

F;:;g;y Safflower genotypes Country ~ Source

1 . | Giza-1 cv. (middle Egypt) - ARC
Monofiya (north Egypt) - Ashmoon center

3 Bani-Suef (middle Egypt) E __ Somosta center
4| Ai-Minya (middle Egypt) - Eeypt Malawi center
5 | Aswan (upper Egypt) ) .- Daraw center
6 Al-Wadi Al-Jadid (upper Egypt) | = - Al-Kharga center
7 Demo-137 cv. USA
8 $-350 cv. -USA-
9 Line -1697 Cyprus
16. | Line -1699 Ethiopia ARC
11 Line -152 ~ India
12 Line -159 Turkey
13 | Line-168 Turkey |

A split-plot design in a randomized complete block arrangement
with three replications was used. The main plots were devoted to the
nitrogen levels and sub-plots to the genotypes. Each experimental unit
consmted of four rows, 0.75 meter apart and 3 meter long. The sub-plot area
was 9 m? (3 x 3 m). Seeds were sown by hand in hills 16 cm apart on 15
October in both seasons. Plant density (70000 plant/fad) was adjusted via
seedlings thinning to two plants/hill at 30 days after sowing to avoid
competition between plants.

All plots were fertilized with 30 kg P>Qs/fad before planting in the
form of single super-phosphate (15.5% P»0s) as one dose. Fifty kg K,O/fad
in the form of potassium sulphate (50% K;0O) was added through five equal
doses. The first dose was added at 60 days from planting, and then the rest
doses were applied at 7-day intervals. Nitrogen was added at levels of 30,
45, 60 or 75 kg N/fad, in the form of ammonium nitrate (33.5% N). These
levels were added at 7-day intervals. Mixture of micronutrients was also
sprayed as a foliar application after thinning at 21-day intervals. All suitable
agricultural practices were conducted in the proper time.
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Studied characters

Ten plants were randomly taken from the two central rows of each
plot at harvest to measure the following characters: plant height (cm),
number of branches/plant, number of capitula/plant, number of
seeds/capitulum, seed yield/plant (g), seed index (100-seed weight g). Seed-
oil percentage was determined according to AOAC (2000). Seed yield
(kg/fad) was determined by weighing produced seeds from each plot, Qil
yield (kg/fad) was calculated by multiplying oil percentage by seed
yield/fad. Water use efficiency (WUE kg/m”) was calculated according to
the following formula described by Kanber et al (1993): _

WUE = Yield (kg) / the seasonal amount of applied water (m?).

Data obtained from each season of the study were statistically
analyzed according to procedures outlined by Gomez and Gomez (1984)
using MSTAT-C computer program (Freed et al 1989). Test for
homogeneity of variance was used to compare between variances over two
years before deciding the validity of combined analysis. The differences
among treatments means were compared 'by Least Slgmﬁcant Differences
test (LSD) at 0.05 level of probability. . Lo

RESULTS AND DISECUSSIQN S
Effect of mtrogen

Data in Table (4) revealed that plant helght, number of
branches/plant, number of capxtula/plant, number of seeds/capituium, seed
yield/plant, seed index, seed oil percentage, seed and oil yield/fad, as well
as, WUE were significantly affected by nitrogen levels. Number of
plants/fad at harvest was not affected by N levels.

Table 4. Effect of nitrogen levels on some characters of safflower under drip
irrigation (combined data of 2006-07 and 2007-08 seasons).

Nitrogen levels (kg/fad)
Character 30 o 0 T LSDges
Number of plants (1000/fad) 67.81 | 68.00 | 67.98 | 68.06 NS
Plant height (cm) 105.4 1 109.8 | 113.2 ] 116.9 1.7
Number of branches/plant : 7.4 8.4 9.4 10.2 0.4
Number of capitula/plant 14.1 { 164 | 188 | 21.6 2.0
Number of seeds/capitulum 17.6 | 206 | 229 | 260 1.4
Seed yield/plant (g) 12.24 | 1442 | 1697 | 19.05 | 0.63
| Seed index (g) 515 | 565 | 607 | 6.73 0.14
Seed oil percentage (%) 32.12 | 32.76 | 33.68 | 3446 | 049
Seed yield (kg/fad) 5789 1 704.6 | 851.7 | 861.3 | 24.4
Oil yield (kg/fad) 1872 | 2321 | 288.1 | 297.6 | 9.65
Water use efficiency (kg/m’) 0.294 | 0.358 | 0.433 | 0.438 | 0.011

NS = not significant
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Table (4) shows that N increased plant height and number of
branches up to 75 kg N/fad. These increases reflect the importance of N
application in sandy soil which is low in fertility (Table 1). Similar trends
were obtained by Drodas and Sioulas (2009) who reported that N
fertilization promoted the safflower growth. While, Leilah et al (1992)
explained these increases which might be due to the role of N on meristemic
activity and cell division which in turn increased cell number and size. Also,
Table (4) shows that number of capitula/plant was increased by adding N to
75 kg. Increasing number of branches/plant may be the main cause of this
increase. Results in the same table revealed that seed yield/plant was
increased by increasing N levels up to 75 kg N/fad. Such increase may be
attributed to the increase in number of branches/plant, number of
capitula/plant and number of seeds/capitulum.

Combined data in Table (4), showed that increasing N levels
markedly increased seed index. Similar results were obtained by Strasil and
Vorlicek (2002). This increase may be explained by higher dry matter
accumulation partitioned to seeds (Leilah et al 1992). N fertilization

- .incréased also seed oil percentage. However, there  was no significant

difference between 60 and 75 kg N /fad. On the contrary, Engel and
Bergman (1997), as well as, Leilah et al (1992) stated that nitrogen fertilizer
had a little effect on seed oil content. Abu-Hagaza (1991), Afifi (1991) and
El-Nakhlawy (1991) found insignificant effect of nitrogen levels on seed oil
percentage.

Table (4) shows that N significantly increased seed yield/fad,
however, no significant difference was observed between 60 and 75 kg
N/fad. Such increase in seed yield/fad may be attributed to the considerable
increase in plant height, number of branches/plant, number of capitula/plant,
number of seeds/capitulum, seed yield/plant and seed index. Drodas and
Sioulas (2009) reported that N fertilization promoted the safflower growth
and increased dry matter yield, translocation and seed yield.

With respect to oil yield, it was significantly increased by nitrogen
application (Table 4). This increase may be due to the increase in seed oil
percentage and seed yield/fad. These results are in general agreement with
those obtained by Abo-Shetaia (1990), as well as, Siddiqui and Oad (2006).
On the contrary, Engel and Bergman (1997) cleared that oil yield was
depressed significantly by excess of N fertilization.

It was also obvious from Table (4) that WUE was significantly
1ncrcased by nitrogen application from 0.294 kg/m® under 30 kg N to 0.438
kg/m® when 75 kg N/fad was applied. Such superiority in WUE may be
attributed to the increase in seed yield/fad. Nimje (1991) reported that the
WUE was increased by nitrogen application.
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Effect of genotypes |

' Combined data in Table (5) cleared that there were significant
differences among all genotypes in plant height, number of branches/plant,
number of capitula/plant, number. of seeds/capitulum, seed yield/plant and
seed index. While, no significant differences were observed among
genotypes in number of plants/fad. In general, exotic genotypes, especially
Turkey-159, recorded the shortest plant height when compared to the local
ones. While, Al-Wadi Al-Jadid followed by Bani-Suef lines recorded the
maximum plant height. Significant differences were recorded among
genotypes concerning number of branches/plant. The local genotype Bani-
Suef and the exotic genotype Turkey-168 followed by Demo-137 and
Aswan produced the highest number of capitula/plant.

Data in Table (5) also revealed that both the exotic genotypes,

Turkey-168 and Demo-137 had higher number of seeds/capitulum. In
general, Bani-Suef and Aswan lines recorded the highest seed yield/plant.
Generally, this superiority may be due to the increase in number of
branches/plant, number of capitula/plant, number of seeds/capitulum, seed
yield/plant and seed index. Concerning seed ocil content Cyprus-1697,
Turkey-168 and India-152 followed by the local genotype Monofiya
surpassed the rest of genotypes (Table 5). Samanci and Ozkaynak (2003)
reported significant differences in oil content due to different genotypes.
In general, five promising safflower genotypes (2 locals, Bani-Suef and
Aswan) and 3 exotics, namely, Demo-137, 8-350 and Turkey-168
outyielded the other genotypes in seed yield/fad (Table 5). This superiority
may be a result of the increase in number of branches/plant, number of
capitula/plant, number of seeds/capitulum, seed yield/plant and seed index.
Effects of adaptability to climatic and edaphic Egyptian conditions during
source and sink phases may no be ruled out. These results are in harmony
with those obtained by Camas ef al (2007), Eslam (2004), Fernindez-
Martinez et al (1993), Mokhtassi-Bidgoli et al (2007), Osman and Ali
(2006), Sharaan et al (1991), Uslu ef af (1998) and Mufioz-Valenzuela et al
(2007) who reported that there were significant differences among
genotypes studied. On the other hand, Samanci and Ozkaynak (2003) found
no significant difference among safflower genotypes used with respect to
seed yield. Also, Osman and Ali (2006) reported that some mt:'oduced lines
surpassed the commercial cultivar Giza-1.

Differences in oil yield/fad due to genotypes were significant. Bani-
Suef, a local land race and Demo-137, as well as, Turkey-168, the exotic
genotypes outyielded other genotypes in oil yield (Table 5).. Such
superiorify may be attributed to the increase in seed yield (Bani-Suef)-and/or
oil content (Turkey-168)..
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Table 5. Performance of some safflower genotypes under drip irrigation (combined data of 2006-07 and 2007-08 seasons).

Character] Number of L:’lnntJNumber of[Number of|[Number ofiSeed yield/ . .
plants  |height branches/ | capitula/ | seeds/ plant Seed(:)ndex pesr?::nzlge S:ke;l”);i;;d ((:;/ 5;_1:;()1 (k‘:/li?’)
Genatype (1000/fad) |(cm)| plant | ‘plant |capitulum| (@) (%)
Giza-1 67.84 |111.8) 89 18.3 220 15.80 6.20 32.07 768.2 2504 0.390
onofiya 68.13 [115.5] 9.0 18.6 234 15.69 6.04 34.09 796.9 273.7 0.405
[Bani-Suef 68.15 1204 9.7 19.7 22.6 17.76 6.78 33.93 874.0 298.1 0.444
Al-Minya 68.02 |118.6( 8.7 159 217 14.91 5.06 3276 |, 5746 188.3 0.292
Aswan 68.19 (1156, 9.1 18.9 242 16.84 633 3147 847.0 2680 0431
Al-Wadi Al-Jadid; 68.10 (1232 8.5 14.6 214 13.88 4.83 31.82 502.7 160.8 0.256
emo-137 68.07 [108.0f 9.1 19.5 26.1 16.82 6.19 32.94 831.9 276.0 0.423
S-350 67.88 |106.1] 8.8 179 19.6 16.23 6.15 32.12 808.9 260.8 0411
Cyprus-1697 67.86 (1033 86 . 16.7 20.8 | 15.12 5.80 35.32 7319 | 2599 0372
thiopia-1699 68.06 [105.2] 8.7 18.2 268 | 1515 5.90 32.50 740.1 2429 0.376
ndia-152 67.90 (1042] 8.6 17.1 1.1 T15.09 5.85 3422 752.1 2599 0.382
Turkey-159 67.38 99.9 83 15.6 16.8 14.36 5.51 33.99 706.1 243.4 0.359
Turkey-168 67.92 |1113] 9.3 19.8 24.8 16.06 6.06 35.08 804.1 283.7 0.409
[LSDM; NS 53 0.6 2.6 31 1.03 0.39 1.44 46.9 19.22 0.025
NS =not
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Results in Table (5) showed that genotypes differed significantly in
their WUE. The highest values of WUE were obtained from two local land
races (Bani-Suef and Aswan) and Demo-137 followed by Turkey-168 and
$-350. These genotypes may be adapted to drought tolerance. They have
good ability to consume little amount of water for producing high seed
yield. These five genotypes arc valuable in any breeding program for
drought tolerance. Besides, Bani-Suef shows the highest seed and oil yields
(Table 5).

Effect of the interaction

No significant interaction between N Ievels and genotypes used was
detected for number of plants/fad, plant height, number of branches/plant,
number of capitula/plant, number of seeds/capitulum, seed yield/plant and
seed index. '

Table 6. Seed oil percentage of safflower genotypes as affected by
nitrogen levels and their interactions under drip irrigation
(combined data of 2006-07 and 2007-08 seasons).

Genotype Nitrogen level (kg/fad) Mean
30 45 60 75

Giza-1 30.10 3232 | 31.63 34.21 32.07
Monofiya 33.50 | 3264 { 35.33 34.90 34.09
Bani-Suef 33.25 | 3520 | 34.51 32.77 33.93
Al-Minya 31.31 3339 | 3090 | 3543 32.76
Aswan . 2934 | 32.97 | 31.77 31.82 31.47
Al-Wadi Al-Jadid 27.92 | 3214 | 33.41 33.83 | -31.82°
Demo-137 31.97 | 31.57 | 33.77 3444 | 3294
S-350 31.04 § 3252 | 3319 | 3175 | 32.12
Cyprus-1697 3745 31.62 | 36.02 36.18 -35.32
Ethiopia-1699 3136 | 3140 | 32.33 34.93 32.50
India-152 32.63 33.79 | 36.50 33.98 34.22
Turkey-159 31.43 35.16 | 34.12 35.25 33.99
Turkey-168 36.29 | 3120 { 34.35 38.48 35.08
Mean 3212 | 32776 | 33.68 | 34.46 33.25
LSDg0s NxG 7 . 2.88

Results in Table (6) showed the effect of the interaction between
nitrogen levels and safflower genotypes on seed oil percentage. Results
revealed that the interaction had a significant effect on seed oil percentage.
The highest seed oil percentage was obtained from the interaction of
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Turkey-168 x 75 kg N/fad (38.48 %) followed by India-152 and Aswan x
60 kg N/fad (36.50 %) without significant differences.

The effect of the interaction between nitrogen levels and safflower
genotypes on seed yield/fad is presented in Table (7). Results revealed that
the interaction had a significant effect on seed yield/fad. The highest seed
yield was obtained from the interaction of Bani-Suef x 60 kg N/fad (1010.7
kg/fad) followed by Aswan and Demo-137 x 60 kg N (1003.7 and 960.3
kg/fad, respectively). However, the differences among Bani-Suef, Aswan
and Demo-137 x 60 kg N were insignificant. It seems that these genotypes
are efficient with respect to N-uptake. They achieved their highest
productivity and superiority among other entries with only 60 kg N/fad. The
lowest seed yield/fad was recorded by the local genotype Al-Wadi Al-Jadid
x 30 kg nitrogen followed by the exotic Turkey-159 x 60 kg nitrogen.

Table 7. Seed yield (kg/fad) of safflower genotypes as affected by
nitrogen levels and their interactions under drip irrigation
(combined data of 2006-07 and 2007-08 seasons).

Genotype Nitrogen level (kg/fad) Mean
30 45 60 75

Giza-1 526.0 | 7619 | 896.7 888.3 768.2
Monofiya 5686 | 7712 | 8734 | 9743 796.9
Bani-Suef 6963 | 8759 | 10107 | 913.2 874.0
Al-Minya 505.8 | 527.3 6324 | 633.0 574.6
Aswan 6838 | 769.7 | 10037 | 9307 847.0 |
Al-Wadi Al-Jadid 4242 | 4796 | 5615 545.6 502.7
Demo-137 682.9 | 750.5 960.3 934.0 831.9
S-350 678.8 | 784.7 | 8974 875.0 §08.9
Cyprus-1697 4779 | 6694 | 8675 912.9 731.9
Ethiopia-1699 5346 | 715.7 870.5 839.6 740.1
India-152 5745 | 6792 | 815.3 939,3 752.1
Turkey-159 4562 | 650.0 821.6 896.7 706.1
Turkey-168 7159 | 724.5 861.1 9148 804.1
Mean 5789 | 704.6 | 8517 861.3 749.1
LSDy.0s NxG 93.78

Results in Table (8) showed the effect of the interaction between
nitrogen levels and safflower genotypes on oil yield/fad. Results revealed
that the interaction had a significant effect on oil yield/fad. The highest oil
yield was obtained from the interaction of Turkey-168 x 75 kg N/fad (351.5
kg/fad) followed by Bani-Suef x 60 kg N/fad and Monofiya x 75 kg N/fad
(349.9 and 339.9 kg/fad, respectively) without significant differences.
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Table 8. OQil vield (kg/fad) of safflower genotypes as affected by nitrogen
levels and their interactions under drip irrigation (combined
data of 2006-07 and 2007-08 seasons).

Genotype Nitrogen level (kg/fad) Mean
‘ 30 45 60 75 ‘

Giza-1 159.8 2474 284.7 309.6 250.4
Monofiya 191.2 253.3 310.3 339.9 273.7
Bani-Suef 231.8 310.2 3499 300.7 298.1
Al-Minya 157.8 176.3 195.2 2239 188.3
Aswan 200.7 256.0 318.4 297.0 268.0
Al-Wadi Al-Jadid 117.7 1542 187.9 183.3 160.8
Demo-137 219.0 238.2 3244 | 3223 276.0
S-350 211.3 254.6 298.3 278.9 260.8
Cyprus-1697 179.7 2133 316.7 329.7 259.9
Ethiopia-1699 169.8 224.9 282.8 2943 242.9
India-152 187.2 232.7 300.0 319.9 259.9
Turkey-159 145.2 229.5 2813 | 3178 2434
Turkey-168 261.8 226.4 295.0 351.5 283.7
Mean 187.2 232.1 288.1 297.6 251.2
LSDys NxG 38.45

The effect of nitrogen levels x safflower genotypes interaction on
WUE is present in Table (9). Data indicated that interaction between the two
factors under this research had a significant effect on WUE. The highest
WUE was obtained from Bani-Suef x 60 kg N (0.514 kg/m®) followed by
genotype Aswan x 60 kg N. (0.510 kg/m>).

The product moment correlation coefficients between seed yield/fad
and most traits was significant and positive Table (10). Significant and
positive association was observed between seed yield/fad and number of
branches/plant (0.68*), number of capitula/plant (0.89**), seed yield/plant
(0.85**), seed index (0.97**), oil yield/fad (0.97**) and WUE (0.96*¥).
These results are in general agreements with those obtained by Tungtiirk and
Vahdettin (2004) who found positive and significant relationships among
seed yield and plant height, number of capitula/plant, 1000-seed weight,
seed oil percentage and oil yield. Siddiqui and Oad (2006) showed that the
crop attributes viz.,, plant height, number of branches/plant, number of
capsules/plant and seed index were also positively associated with the seed
yield. Abu-Hagaza (1990) mentioned that seed yield/fad showed a
significant positive correlation with seed yield/plant and seed index.
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- Table 9. Water use efficiency (kg/m’) of safflower genotypes as affected
by nitrogen levels and their interactions uader drip irrigation
(combined data of 2006-07 and 2007-08 seasons).

i Nitrogen level (kg/fad)

Genotype 30 45 60 75 Mean
Giza-1 — 0267 | 0387 | 0456 | 0452 | 0.390
Monofiya 0289 | 0392 | 0444 | 0495 | 0.405
Bani-Suef 0354 | 0445 | 0.514 | 0464 | 0.444
Al-Minya 0257 | 0268 | 0321 | 0322 | 0292
Aswan 10348 | 0391 | 0510 | 0473 | 0.431
AlLWadi AlLJadid | 0216 | 0244 | 0285 | 0277 | 0256
Demo-137 0347 | 0381 | 0488 | 0475 | 0.423

S350 0345 | 0399 | 0456 | 0445 | 0.411
Cyprus-1697 0243 | 0340 | 0441 | 0464 | 0372
Ethiopia-1699 | 0272 | 0364 | 0442 | 0427 | 0.376
Tndia-152 0292 | 0345 | 0414 | 0477 | 0382
Turkey-159 0232 | 0330 | 0418 | 0456 | 0359
Turkey-168 0364 | 0368 | 0438 | 0465 | 0.409
Mean 0294 | 0358 | 0433 | 0438 | 0381
LSDess NXG | 0.051

Besides, Camas et al (2007) found that seed yield/ha was correlated with
other characters in the following order, oil yield, oil content, number of
branches/plant, 1000-seed weight and number of seeds/head. In addition,
Mokhtassi-Bidgoli et al (2007) reported that high yielding genotypes were
found to be closely related to1000-seed weight, number of capitula/plant,
number of seeds/capitulum and harvest index.

CONCLUSION

Seed yield of safflower was increased by nitrogen application up to 60 kg
in some local land races (N-efficient land races) and 75 kg for other entries. The
level of 60 kg N/fad is recommended for economical yield where the difference
between 60 and 75 kg was insignificant. Seed yield/fad is very closely and
significantly related to oil yield and seed index (=0.97) and to less extent to
number of capitula/plaat (r=0.89) and seed yield from single plant (r=0.85).

Two promising local genotypes (Bani-Suef and Aswan), as well as, 3
exotics {Demo-137, §-350 and Turkey-168) recorded higher seed and oil yields.
These genotypes may be grown successfully under stress conditions in Egypt. The
highest seed yield was obtained from Bani-Suef received 60 kg N/fad. On the other
hand, Cyprus-1697 and Turkey-168 recorded higher oil content (35.32% and
35.02%, respectively) when compared to the local and commercial cultivar Giza-1
(32.07%).
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Table 10. Correlation coefficients between safflower characters under drip irrigation (combined data of 2006-07 and 2007-08

seasons).
Number Number
Seed | of | Plant |Nwmber( e | Number| Seed | o, oil
Characters . . of of seeds/ | yield/ . Seed gil .
yield plants | height branche capitula Capitul | plant index (%) yu;ldd
(kg/fad) (lﬂgg}ffa (cm) o/ plant . l; e am @ (@) (kg/fad)
Number of plants
1000/fad) 0.13 1
Plant height (cm) -0.27 0.73% 1
Number of
branches/ Plant 0.68* 0.57* 0.44 1
Number of
capitula/Plant 0.89** 0.40 0.04 0.86** 1
Number of
seeds/Capitulum 0.36 0.70%* 0.48 0,724 0.67* 1
Seed yield/plant (g) | 0.85** 0.44 0.17 0.91%* | 0.88%* 0.59* 1
Seed index (g) 0.97*+ (.23 -0.11 0.76** | 0.89+* 0.38 0.90** 1
Seed oil (%) 0.20 -0.32 -0.40 0.09 0.12 -0.08 -0.01 (.12 1
Qil yield fad) 0.97** 0.03 -0.34 0.65* 0.85** 031 | 0.78** | 0.92%+ 0.44 |
WUE (kg/m 0.96** 0.13 -0.27 0.68 0.89%# 0.36 0.85** | 0.97* 0.20 0.97%*
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