Assiut J. Agric. Sci., (47) No. (6-2) 2016 (377-390)
Website: http://www.aun.edu.eg/faculty agriculture

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

Induced Mutations in some Safflower Genotypes
Okaz, A.M.A'; M.S. Ahmad® and H.G.H. Sakr’

' Agronomy Dep., Fac. of Agric., Al-Azhar Univ., Cairo, Egypt.
*Agronomy Dep., Fac. of Agric., Al-Azhar Univ., Assiut, Egypt.

Received on: 28/11/2016 Accepted for publication on: 26/12 /2016

Abstract

This investigation was carried out for induce mutations in safflower (Cartha-
mustinctorius L) at the Experimental and Research Farm, Faculty of Agriculture, Al-
Azhar University. The results showed access anumbers of promising mutants in M3
generation. The results shows that the Di methyl Sulfoxide (chemical mutagen) was
more effective than other two treatments (y-ray & electric shock), as well as the line
32 (L, was more responsible than the other two genotypes for induction of stable
promising mutants according to final results at M3especially high seed yield. The
promising mutants were softness and earliness than the parental genotypes.

The earliestgeno types of flowering (116.83day) in M3 was obtained from
plants of L1h1. The highest seed yield/plant (128.00 and 127.17 g) was obtained
from plants of L,t; and Lh,, respectively.

The results supported that the mutagen treatment scan be used to get new
safflower genotypes is characterized by spineless, earliness and high seed yield
andthus can involve in breeding program to get new varieties suitable for cultiva-

tion in reclaimed lands.

Introduction:

Safflower seeds have been
found 4,000 year-old in Egyptian
tombs and using by Chinese ap-
proximately 2,200 years ago. Saf-
flower (Carthamus tinctoriusL.) is one
of the important oil seed crops and
has been traditionally grown for its
flowers as a source of dye for color-
ing food and fibers. Subsequently, it
is grown for edible oil, animal meal,
bird feed, medicinal uses, as a poten-
tial candidate crop for production of
plant made pharmaceuticals, biofuel
and specialty type oils. Oil of Saf-
flower is the richest source of linoleic
acid, with average linoleic acid con-
tent around 78% of the total seed oil
fatty acids (Velasco et al., 2005).

India cultivated about 0.42 mil-
lion ha, produced of 0.23 million tons
of seed and average productivity of
547 kg/ha, so it is consider the lead-

ing producer of safflower in the
world (FAOSTAT, 2006). Despite its
vast potential and growth adaptability
to a wide range of agro-ecological
conditions, safflower remained as a
neglected crop due to low seed oil
content (28-36%), spines, fiber rich
seed meal and wvulnerability to a
number of diseases and pests. Saf-
flower species are known to possess
several desirable genes such as,
drought hardiness, shattering toler-
ance, non-dormancy of seeds, and re-
sistance to safflower fly, rust, and
powdery mildew (Sujatha, 2007).
Artificial induction of mutations
by using of physical and chemical
mutagens such as radiation, chemi-
cals and electric shock are considered
to be one of the useful tools for plant
improvement by increasing of genetic
variability in many plant species, es-
pecially the self-fertilized plants.
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(Kharkwal, 2000; Hassan et al., 2001;
Mihov et al, 2001 Wani and
Anis, 2001, Soliman et al, 2003),
Fahmy et al., 1997; Geetha and Vaid-
yanathan, 1998; Hajduch et al., 1999
and Solanki and Sharma, 1999).

In Egypt, safflower area de-
creased year after year at Upper
Egypt, because the genotypes suffer-
ing from many problems as lateness
(185 days at maturity), full thorns on
leaf and heads, low seed yield and low
seed oil content. Therefore, the pre-
sent study aimed to induce mutations
for earliness, spineless and high seed
yield with high oil content as a prom-
ising mutant that could be used in
breeding program to get new varie-
ties.

Materials and Methods:

Three mutagens i.e. gamma ray
(y -ray) and Di methyl Sulfoxide and
electric shock were used for induction
of mutation on three safflower geno-
types (Line32 , Line37 and Line40)
during three seasons 2013/2014,
2014/2015 and 2015/2016. The gamma
ray doses were 10 kr and 20 kr while
the concentrations of Di methyl Sul-
foxide were (1000 ppm), (2000ppm)
and (3000ppm). The electric shock in
the presence of the used chemical solu-
tions as follows: Monosodium phos-
phate (30000 ppm/liter), Monosodium
phosphate (50000 ppm/liter) and So-
dium nitrate (50000 ppm/liter).

Three safflower lines; Line 32,
line37 and Line 40 were obtained from
Oil Crop Research Section, Field Crop
Research Institute, Agricultural Re-
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search Center (ARC) were used in this
study. The selected variants at the pre-
sent study included apparent morpho-
logical characters, especially earliness
and softness change, as well as the
change in seed yield attribute charac-
ters. These variants were screened to
isolate M1 and M2 generations. These
mutants characterized with, thorns
leaves, flowering date (earliness, late-
ness), and high seed weight. In M3
generation the stable M2 mutant lines
were screened and recorded, especially
these possessed softness and earliness.
Gamma ray:

40 grams from seeds from each
line were backed in paper bags and
subjected to gamma ray doses of 10
Kr (r1) and 20 Kr (r2) and the expo-
sure time was 30 minutes in October,
2013 in Middle Eastern Regional Radio-
isotope Center for the Arab countries at
NRC, Dokki, Cairo, Egypt.

Di methyl Sulfoxide:

40 grams from the seeds from
each line were soaked in prepared
aqueous solution of Di methyl Sul-
foxide (DMS) of three different con-
centrations (1000 ppm (hl), 2000
ppm (h2) and 3000 ppm (h3) for 24
hours.

Electric shock:

40 grams from seeds from each
line were germinated and exposed to
electric shock inside special electric
analysis set to invent the DNA activ-
ity through the cell division during
germination of the seeds for muta-
tions induction (Ahmad 2011).
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The used chemical solutions were as follow:

No Chemical components Concentration Brief
1 | Monosodium phosphate NaH,(POy,); (50000 ppm/liter) (t)
2 | Sodium nitrate NaNO; (50000 ppm/liter) ()
3 | Monosodium phosphate NaH,(PO,); (30000 ppm/liter) (t3)

Heritabilites are estimated by
several methods that use different ge-
netic populations and produced esti-
mates that may vary. Common meth-
ods include the variance components
method and parent-offspring regres-
sion. In this investigation we used the
parent- offspring regression as esti-
mate for heritability.

The significance was estimated
by T test by comparison between
groups (comparison between mutated
plants with unmutated plants).
Results and Discussion

At the first season of the inves-
tigation all mutagenic treatments in-
duced mutants of different desired
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traits in this crop such as smooth
leaves, red and orange petals, earlier
flowering and more yielding plants.
Table (1) shows that chosen mu-
tant in M1 generation after applying
the mutagen treatments. It is clear
from results in Table 1, that mutant
differ from the original plants of dif-
ferent safflower genotypes in four
main characters 1. e. seed yield / plant
(S.Y/P), number of days from sowing
to flowering (N.D.F), thorns and
sleek and petal color. Results show
that all treatments (Radiation, Chemi-
cals and Electric shock) have led to
mutations in all safflower genotypes.
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Table 1. List of mutants chosen in M1 generation in 2013/2014 season

Genotypd M.N| S.Y/P |N.D.F|ThornslSlee Colour flower Genotypd M.N| S.Y/P | N.D.F|ThorngSleel Colour flower
Orange| Red |Yello Orange| Red |Yello

(L1) 265 130 N (L1 2645|130 |

(L2) 151|131 N L2 15.11] 131

(L3) 89 [ 130 N (L3) 889|131 V

il | 3 785130 N L2h2 | 3 [97.550 129 | \

Lirl| 4 | 427 ] 129] ~ N L2h2 | 4 | 90.6[128] v

Lirl] 10| 56.4 | 130 ~ N L2h2| 5 [107.2f 128 | ¥ v

Lirl | 16| 51.8 | 130 N L2h3 | 5 |122.6] 128 v v

Lie| 61697/ 128 N L2h3 | 13 |82.39] 128 v v

Li2| 12| 281]129] v L3hl | 5 |80.54] 126 v A

L2rl | 1 | 61.5] 127 N L3hl | 7 |77.35] 125 V| W

12r1| 3| 571|128 N N L3h2 | 5 |86.55] 124 V| W

L2rl| 6 | 76.0 | 127 N A L3h2 | 10 |60.72] 125] v

L2rl| 7 | 374 | 128 N A L3h3 | 2 |177.9] 128 N

22| 72981 129 N N L3h3 | 5 |125.3] 128 v v

22| 8 | 659 130 N A L3h3 | 7 |97.95] 129 v v

22| 9 | 265 | 1209 N N Litl | 13]106.9] 126 V| W

22| 10| 207 | 129 NN Litl | 9 | 115.3] 125 v v

I3r1| 7 | 68.0 [ 128 N A LIt2 | 4 |39.73] 127 v v

32| 1 [102.8] 127 ] N Li1t2 | 6 |23.32] 125 v N

132 3996 128] v L1t2 | 7 |103.7] 126 v v

Lihl| 4 | 323 | 125| v L1t2 | 11 |120.1] 127 v v

Lihl| 6 | 16.1 | 125| N Lit3 | 3 |104.6] 126 v

Lihl| 9 | 592 | 126 | v L2tl | 5 |157.7] 127 v v

Lihl | 10| 65.2 | 125 N A L2t1 | 11 |102.4] 128 v v

Lihl | 11| 85.9 | 127 N A L2t | 16 |153.2] 127 v v

Llhl | 15| 283 | 125 v v L2tl | 20 | 214.2] 126 v v

Lih2| 6 | 9.9 | 125 N A 22| 5| 107 | 125] v

Llh2 | 8 | 44.8 | 124 v v L2t2 | 13 | 132.6] 125 v v

Lih2| 11| 19.0| 124 | ~ v L22 | 19|247.6] 126 | v

L1h2| 20| 19.1 | 126 NN L2t2 | 20 |307.3] 126 | v

Lih3| 4 | 39.7 | 127 NN 23 | 2 |93.42] 126 N W

L1h3| 6 | 342 | 128 N A 263 | 6 |107.2] 126 | v

L1h3 | 8 | 39.9 | 126 N A 23| 9| 773127 v

L1h3 | 12| 443 | 128 v v 2t1 | 1 |858]129] v

L2hl | 7 | 70.7 | 127 N A L2t1 | 5 |57.13] 129 v

L2h1 | 8 | 78.9 | 127 N A L2t2 | 4 |97.54] 128 v v

L2h1 | 10| 112.2] 128 v v L2623 | 1| 140 | 126 V| W

L2h1 | 12|132.8] 128 | v 23| 3| 102 | 127] \
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Obtained plants in M; which
shows in Table 1 were planted to get
a second and third generation. The

number of plants which maintain the
mutations in M, and M3 are shown in
Table 2.

Table 2. Number of plants which have mutation in different generation

Radiation chemical electric shock

Ml M2 VB M1 M2 M3 M1 M2 M3

Lirl 22 8 4 L1hl 7 8 6 L1tl 5 4 2
Lir2 20 4 2 L1h2 11 8 4 Lit2 5 8 4
L2r1 15 8 4 L1h3 8 6 4 L1t3 5 3 1
L2r2 14 8 4 L2h1 19 8 4 L1 18 6 4
L3r] 14 4 1 L2h2 | 20 8 3 L262 13 7 4
L3r2 16 4 2 L2h3 3 6 2 L2t3 7 7 3
L3hl 21 5 2 L3t] 10 6 2

L3h2 20 6 2 L3t2 8 4 1

L3h3 | 14 5 3 L3t3 10 6 2

Results in Table (2) shows that
the numbers of plants which maintain
of mutations until the third generation
were 70 plants.

The means and variances of the
mutants which cached from all
mutagenic treatment were calculated
and compared with that of the same
number of plants representing control
treatment for the two main traits i.e.
seed yield/plant and number of days
from sowing to flowering (Table 3).
Effect of Gamma rays:

Data in Table (3) and Fig. 1 and
2 shows that Gamma rays led to ob-
tain early plants in flowering. Line
No.2 was more response to treatment
of gamma rays than another geno-
types in flowering date.L,r; gave the
earliest (127.5 day) plants its early 5
days compared with untreated plants
L, (132.67 day). In general, treatment
r; was more effective than another to
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induce mutation and gave mutant
with early flowering.

All plants which maintain the
mutations until M3 were surpassed
untreated plants in seed yield. Line
No. 3 was most responsive to radia-
tion and plants of L3 r; and L3 r; were
given 112.13 and 105.01 g of seed
yield, respectively compared with
40.28 g obtained from untreated
plants. So, the increasing percentage
from untreated plants was 179.04 and
161.67%, respectively.

Line No.2 occupied the second
place about the responsive to radia-
tion. L,r, and L,r; gave 89.96 and
74.30 g, respectively, compared with
31.51 g obtained from untreated
plants. Mutants L,r, and L,r; sur-
passed original plants in seed yield
/plant with 185.49 and 135.49 %, re-
spectively.
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Table 3. Means and variances for safflower genotypes under different treatments

of mutagenic through generation.

Radiation
characters N.D.F sy/p
Lings Seasons means £S.E variance means £ S.E variance
treal” M1 M2 M3 ML | M2 | M3 M1 M2 M3 M1 M2 M3
rl 130.44:0.12 (127.75£0.31%127.21+1.06% 0.26* | 0.79* | 8.98* | 66.696.04* [34.43+2.73% 71.0516.48* | 655.95% | 59.41* (1006.49
1 r2 128.23:0.12* 128.250.48 | 128.4210.71| 0.19* | 0.92* | 2.00* | 80.3110.18%| 23.3245.46| 93.0749.61* (1517.374119.05*%1107.71%
Cont. |130.33#0.33| 129.640.24 | 130.67£0.33| 033 | 0.3 | 0.33 | 26.45:0.39 | 25.740.21 | 62.870.39 0.6 0.18 0.6
rl 127.43#0.20%126.88+0.44*127.5440.51% 0.29* | 1.55% | 1.81* | 70.5247.67* |31.5547.11% 74.319.98* (411.788%1404.32*2389.88
2 r2 129.3:0.15 | 130:0.38 |130.21:0.56 | 0.23* | 1.14* | 2.50* | 60.248.83* [51.643.95% B89.9619.96* | 779.55* |124.53%(2379.82
Cont. |130.67£0.33 | 132.2540.48| 132.67£0.67 | 033 | 0.92 | 1.33 | 15.11#0.42 |12.1240.70| 31.51#0.42 | 071 197 | 071
rl 128.88:0.13 | 129.540.29 | 127:0.89* | 0.125)0.33* | 4.00* [109.53+17.54925.0642.73%112.13£10.10%2461.69% 29.84* (1223.151
3 r2 127.610.04% | 128.5:0.29%| 128.25:0.48 | 0.02 | 0.33* | 0.92* | 81.76%6.8* |46.61#3.18*/105.01+14.60% 461.99* | 40.32* [2345.83
Cont. |130.25#0.48 | 130.540.50 |130.3320.33| 092 | 0.5 | 0.33 | 8.8940.32 | 8.2540.50 | 40.2840.32 04 051 0.4
Chemical
characters N.D.F SY/p
Lines Seasons means £S5, variance means £ 5.E variance
treal: M1 M2 M3 M1 | M2 | M3 M1 M2 M3 M1 M2 M3
hl 125.73:0.15% 122#0.57* (116.83#0.40% 0.49% | 0.57% | 1.27* | 115.5118,65%| 17.842.90 | 93.2:12.54* |1644.35% 67.17* 3299.83
h2 124.25:0.14%121.380.18%(120.9240.38% 0.41% | 0.27% | 1.14* | 43.41#6.74% | 24.64%1 |127.1748.28* |908.49* | 7.93* |1645.95%
. h3 127.930.18 | 125.5:0.22* | 125.540.48% | 0,50% | 0.30% | 1.37* | 64.41%7.39% [23,1343.78| 90.8:8.39% |820.05* | 85.54* 1055.14%
Cont. ]130.33£0.33| 129.6#0.24 [130.67+0.33| 0.33 | 0.3 | 0.33 | 26.4540.39 | 25.7¢0.21 | 62.87#0.39 0.6 0.18 0.6
h1 127.43:0.20%121.380.18%(127.3340.31% 0.57*| 0.27 | 0.79 [101.28+10,80%27.7241.389 53.51#4.09% |1634.32* 15.25% |385.25*
h2 128362020 | 125.5:0.33%| 1300.38 | 0.55% | 0.86% | 1.14 [128.06+12.87{36.67+2.74% 47.6743.96* |2318.34*( 60.03* |375.72*
. h3 128192016 | 130.5:0.22 | 128.560.22| 0.43*| 0.3 | 03 [118.65+13,61%24.0345.439 58.216.67* |2961.72%(176.68% 800.69*
Cont. ]130.67£0.33 | 132.2540.48( 132.67¢0.67 | 0.33 | 0.92 | 1.33 | 15.1140.42 |12.1240.70| 3151042 | 071 | 197 | 071
h1 125.71#0.29% 129.8:0.49 (126.83:0.56% 057 | 1.20% | 1.87* | 83.1246.37* }6.84+12.99] 97.2919.66* | 283.71* [844.32*|1679.81
h2 124.2740.27% 12840.26* | 125.5#0.67% | 0.82 | 0.40% | 2.67* [102.05£11.0737.1624.729 73.5246.89% |1347.04*(133.84% 854.81*
5 h3 127.8840.23% 132.6:0.24 | 128:0.49 | 0.41 | 0.30% | 1.20* [140.23£18.16%(30.91#4.439 97.32#6.65* |2638.70%( 98.29% |530.82*
Cont. |130.25#0.48 | 130.540.50 |130.3320.33| 092 | 0.5 | 0.33 | 8.8940.32 | 8.2540.50 | 40.2840.32 04 051 0.4
Electric shock
characters N.D.F SY/p
Lines Seasons means £S5, variance means £ 5.E variance
r M1 M2 M3 M1 | M2 | M3 M1 M2 M3 M1 M2 M3
il 125.21:0.21% 124.520.19% 127:0.48% | 0.84% | 0.14% | 0.92* [136.1714.407 9.5541.08 | 94.21£19.13% |3942.30% 4.63* 3292.67
- 2 127.20:0.20%126.88£0.23%127.2140.33% 0.8* | 0.41% | 0.86* | 88.0219.14* [38.0746.39% 100.0529.16% |1672.35%327.10%(1929.43
3 126.67+0.33%125.67£0.33%126.3340.33% 0.33% | 0.33% | 0.33% | 65.63+29.64%| 16.41%4.34| 90.4#12.03% |2635.70% 56.63% 1302.107
Cont. ]130.33£0.33| 129.6#0.24 |130.67+0.33| 0.33 | 0.3 | 0.33 | 26.4540.39 | 25.740.21 | 62.87#0.39 0.6 0.18 0.6
ul 127.81%0.16 |125.83#0.317 125.5:0.37%| 0.56% | 0.57 | 0.8 |[155.25¢10.39920.44+1.41% 104.64+6.40% |2635.707 11.88* | 738.38*
2 125.240.14% | 127+0.31% |127.05#0.22% 0.38% | 0.67 | 0.33 [180.68+20.51%25.885.65% 75.4:7.48% (8413.09% 223.1% |1119.04
. 3 126.14:0.25%127.14£0.34%127.3340.22% 0.9* | 0.81 | 0.3 | 115.746.82* |15.67+1.79| 128+10.63* | 650.23% | 22.38% (2373.69
Cont. |130.67¢0.33 | 132.2540.48( 132.67£0.67 | 0.33 | 0.92 | 1.33 | 15.1140.42 |12.1240.70| 3151#0.42 | 071 | 197 | 071
tl 129.240.37 | 12840.37 | 128.5:0.31 | 0.7 | 0.8*% | 0.57* | 76.9426025% [ 50.5#5.31*| 102.9647.13% | 650.23% |169.19%| 914.13*
3 2 128.440.51 129.75:0.48| 130:0.29 | 1.3% | 0.92%| 0.33* [113.17412.277%95.31+12.37{ 100.929.63* | 753.34% |612.20%(1112.729
13 126.240.20% |126.67£0.49% 127:0.83* | 0.2 | 1.47%| 4.17% |122.6347.70%[27.8841.22% 49.4242.70* | 296.12* | 8.93* |130.74*
Cont. |130.25:0.48 | 130.5#0.50 (130.33£0.33| 0.92 | 0.5 | 0.33 | 8.89#0.32 | 8.25#0.50 | 40.28#0.32 04 0.51 0.4

382



Assiut J. Agric. Sci., (47) No. (6-2) 2016 (377-390) ISSN: 1110-0486
Website: http://www.aun.edu.eg/faculty agriculture E-mail: ajas@aun.edu.eg

In spite of Line No.l gave the
highest seed yield (62.87g), but it was
taken the third place about responsive
to radiation treatments. L;r, and L,
gave 93.07 and 71.05 g, respectively,
compared with 62.87 g obtained from
untreated plants. Mutants L;r, and
L,r, surpassed original plants in seed
yield /plant with 48.04 and 13.01 %,
respectively.

Results obtained from effect of
radiation 1illustrate that; treatment r,
was more ecffective than another to
induce mutation and gave mutant
with high yielding. The results agreed
with those of Mia and Shaikh (1997)
and Sheeba ef al. (2005).
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Fig.1: Number of days to flowering of safflower genotypes under different gamma rays

treatments
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Fig.2: Seed yield/ plant of safflower genotypes under different gamma rays treatments
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The parent-offspring regression
coefficients values (Table 4) repre-
sent heritability in narrow sense
reached 0.51 and 0.68 for N.D.F and -
0.19 and 0.02 for S.Y/plant of M, and
M; generation respectively.

Effect of Chemical treatments:

Results in Table (3) and Fig. 3
and 4 illustrated that Line No.1 was
more response to chemicals treatment
about flowering than another geno-
types and its gave early flowering
plants.L;h;, L;h, and L;h; gave the
earliest (113.83,120.92 and 125.5
day, respectively) plants its earlier
13.84, 9.75 and 5.17 days, respec-
tively, than untreated plants L, ( 132
.67 day). In general, treatment r; was
more effective than another to induce
mutation and gave mutant with early
flowering.

All plants which maintain the
mutations until M3 were surpassed
untreated plants in seed yield. The
highest seed yield /plant (127.17 g)
was obtained from L;h,, but untreated
plant L, gave 62.87 g. So, L1h2 sur-
passed untreated plants with 102.27%
for seed yield / plant.

Line No.3 occupied the second
place in seed yield/plant. Where, both
of Lsh; and Lsh, gave 97.3g. This
means that Lsh; and Lsh,increased
142.5 % in seed yield/plant more than
L; which gave 40.3 g. This result co-
incides with Dhole ef al. (2003).

The parent-offspring regression
coefficients values (Table 5) repre-
sent heritability in narrow sense
reached 0.72 and 0.89 for N.D.F and
0.10 and -1.07 for S.Y/plant of M,
and M3 generation respectively.

135

130 -
125 A
120 -
115 1

110 -

No.of days to flowering

Z
/
%
_
/
.
%

105 |

L1 L1hl L1h2 L1h3

L2

L2h1l L2h2 L2h3

L3h1 L3h2 L3h3

genotypes

Fig.3: Number of days to flowering of safflower genotypes under different chemical treatments
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Fig.4: Seed yield/ plant of safflower genotypes under different chemical treatments

Effect of Electric shock:

Using of electric shock caused
to obtain early plants in flowering
from all genotypes. Results in Table
(3) and Fig. 5 and 6 revealed that the
earliest plants were obtained from
Lot; (125.5 day). L,t; was earlier
12.53 days than untreated plants L,
(132.67 day).

All plants which maintain the
mutations until M3 were surpassed
untreated plants in seed yield. Line
No. 2 was most responsive to electric
shock and gave plants with high seed
yield/plant. Average of seed from

treated plants was 95, 102.7 and 84.7
from treated plants of L[, and
L;respectively. The highest seed
yield (128g) was obtained from L,t3
with percentage of increasing 306.22
% from seed yield of untreated plants
(31.51 g). This result coincides with
(Ahmad 2011) when used electric
shock on wheat.

The parent-offspring regression
coefficients values (Table 6) repre-
sent heritability in narrow sense
reached 0.59 and 0.70 for N.D.F and -
0.10 and -0.49 for S.Y/plant of M,
and M3 generation respectively.
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Fig.6: Seed yield/plant of safflower genotypes under different electric shock treatments

Table 4. The morphological variation and parent-offspring regression in mutated
plants derived from gamma rays treatments

racters N.D.F.F S.Y/P
genotype M1 M2 M3 M1 M2 M3 color flower- Texture plant
line 32 (L1) 130.33 130.55 130.67 26.45 25.70 62.87 thorns - yellow
line 37 (L2) 131.23 132.25 132.67 15.11 12.12 31.51 thorns - yellow
line40 (L3) 1309 131 130.33 8.89 8.25 40.28 thorns - yellow
L1rl-3 130 127 127 78.48 49.73 84.77 thorns - orange
Llrl-4 129 127 128 42.70 63.16 11142 thorns - yellow
L1rl-10 130 127 128 56.37 67.28 117.33 thorns - orange
L1rl-16 130 128 127 51.84 47.33 53.12 sleek -orange
L1 r2-6 128 128 128 69.74 61.70 102.45 sleek -orange
L112-12 129 128 128 28.12 36.27 78.41 thorns - orange
L2rl-1 127 126 127 61.51 39.79 50.52 sleek -orange
L2rl-3 128 126 128 57.13 89.42 96.50 sleek - yellow
L2rl-6 127 126 127 75.99 44.17 75.55 sleek -orange
L2rl-7 128 127 127 37.39 44.34 67.63 sleek -orange
L2 r2-7 129 130 130 29.79 81.52 100.56 sleek - red
L2 12-8 130 130 129 65.90 62.87 60.12 sleek -orange
L2 12-9 129 129 130 26.47 56.51 150.12 sleek - yellow
L2 r2-10 129 130 130 20.74 74.70 75.17 sleek -orange
L3rl-7 128 129 130 67.99 30.65 137.99 sleek -orange
L3 r2-1 127 128 128 102.75 | 47.11 190.45 thorns - yellow
L3 12-3 128 128 127 99.63 51.62 99.74 thorns - orange
regression coefficients 0.51 0.68 -0.19 0.02
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Table 5. The morphological variations and parent-offspring regression in mutated
plants derived from chemicals treatments

aracters N.D.F.F S.Y/P
genotype M1 M2 M3 M1 M2 M3 color flower- Texture plant
line 32 (L1) 130.25 130.57 130.67 26.45 16.7 62.87 thorns -yellow
line 37 (L2) 131.34 126.84 132.67 15.11 12.12 31.51 thorns- yellow
line40 (L3) 130.25 126.53 130.33 8.89 8.25 40.28 thorns - yellow
L1hl-4 125 121 117 32.28 22.80 157.21 sleek - yellow
L1hl-6 125 121 116 16.11 28.23 139.51 sleek - yellow
L1h1-9 126 120 116 59.15 39.95 83.78 sleek- orange
L1h1-10 125 123 116 65.16 | 26.03 | 93.99 sleek- orange
L1hl-11 127 121 117 85.87 31.50 56.51 sleek -orange
L1h1-15 125 122 116 28.29 16.60 | 247.33 thorns- yellow
L1h2-6 125 121 120 9.90 29.87 91.21 sleek -orange
L1h2-8 124 121 120 44.79 3491 119.87 sleek - red
L1h2-11 124 123 121 19.04 32.84 124.73 sleek - yellow
L1h2-20 126 121 122 19.05 27.57 168.34 sleek -orange
L1h3-4 127 125 126 39.68 3595 167.64 sleek -orange
L1h3-6 128 126 126 34.20 50.48 89.54 sleek -orange
L1h3-8 126 126 125 39.85 50.12 | 12533 sleek -orange
L1h3-12 128 125 125 44.26 34.29 66.29 sleek - yellow
L2h1-7 127 122 127 70.66 43.26 80.33 thorns -orange
L2h1-8 127 121 128 78.89 3448 | 63.48 thorns - orange
L2h1-10 128 122 128 112.24 30.93 105.05 thorns - yellow
L2h1-12 128 121 127 132.75 | 39.53 32.27 thorns- yellow
L2h2-3 129 126 130 97.55 59.93 62.69 thorns -yellow
L2h2-4 128 125 129 90.60 51.83 95.72 thorns- yellow
L2h2-5 128 125 129 107.21 45.72 73.16 thorns - yellow
L2h3-5 128 130 128 122.56 | 47.36 65.74 sleek - yellow
L2h3-13 128 129 129 82.39 29.74 | 120.46 sleek - yellow
L3h1-5 126 129 127 80.54 | 91.25 | 133.85 sleek- orange
L3h1-7 125 129 126 77.35 28.58 | 203.31 sleek- orange
L3h2-5 124 128 125 86.55 43.63 90.35 sleek -orange
L3h2-10 125 128 126 60.72 41.94 134.50 thorns- yellow
L3h3-2 128 130 128 177.9 31.50 | 138.89 sleek -orange
L3h3-5 128 130 129 125.28 | 51.58 | 103.88 sleek - red
L3h3-7 129 129 128 97.95 47.65 109.77 sleek - yellow
regression coefficients 0.72 0.89 0.10 -1.07
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Table 6. The morphological variations and parent-offspring regression in mutated
plants derived from electric shock treatments

W N.D.F.F S.Y/P

genotype M1 M2 M3 M1 M2 M3 |color flower- Texture plant

line 32 (L1) 130.19] 129.39 | 130.67 | 26.45 |16.70| 62.67 thorns - yellow

line 37 (L2) 131.23|132.43 | 132.67 | 15.11 |12.12| 31.51 thorns- yellow

line40 (L3) 130.15| 130.55 | 130.33 | 8.89 | 8.25 | 40.28 thorns- yellow
L1t1-13 126 125 127 106.90 |16.42|215.72 sleek -orange
L1t1-9 125 124 126 115.25120.22|112.07 sleek - red
L1t2-4 127 126 127 39.73 |55.69|123.99 sleek- yellow
L1t2-6 125 127 126 23.32 |84.24|137.39 sleek- yellow
L1t2-7 126 126 125 103.70 |52.88| 78.15 sleek - yellow
L1t2-11 127 126 127 120.09 |64.56| 86.40 sleek - yellow
L1t3-3 126 125 126 104.64 {21.12]133.99 thorns - orange
L2t1-5 127 125 125 157.65130.47| 145.86 sleek - yellow
L2t1-11 128 126 126 102.35 |124.46| 100.80 sleek -yellow
L2t1-16 127 125 125 153.22 |127.65| 90.24 sleek - yellow
L2t1-20 126 126 126 214.21 |32.63| 87.71 sleek - yellow
L2t2-5 125 126 127 107.00 |66.04| 145.73 thorns yellow
L2t2-13 125 126 128 132.58 |31.21| 58.42 sleek- yellow
L2t2-19 126 126 127 247.60 |34.23|118.57 thorns- yellow
L2t2-20 126 127 127 307.30 |32.18] 130.64 thorns- yellow
L2t3-2 126 127 127 93.42 |14.47(202.13 sleek- orange
L2t3-6 126 127 128 107.21 {29.56| 183.5 thorns- yellow
L.2t3-9 127 128 127 77.30 [22.84|251.36 thorns - yellow
L2t1-1 129 128 128 85.80 |74.33|145.33 thorns orange
L2t1-5 129 129 129 57.13 |53.59|140.33 thorns - yellow
L2t2-4 128 129 130 97.54 [16.09| 154.33 sleek -yellow
L2t3-1 126 126 127 139.98 |33.73| 50.50 sleek -orange
L.2t3-3 127 126 128 102.00 [26.59| 78.53 thorns -yellow

regression coefficients | 0.599 0.70 -0.10| -0.49

Conclusion: Dhole, V. 1.; J.J. Maheshwari and Shanti

Using of different mutagen Patil (2003). Studies on mutations

treatment was effective tools to ob-
tained new safflower genotypes,
spineless, earliness and high seed
yield. We can used this new geno-
types in breeding program to obtain
new varieties are suitable for cultiva-
tion at reclaimed desert lands as a
new oil crops in Egyptian agriculture.
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