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FIELD experiment was carried out for two successive seasons

during 2005 and 2006 at the Experimental Station of National
Research Centre, Shalakan, Kalubia Governorate, Egypt. The effects
of morphactin (CF,s) at the concentrations of 0.0, 2.5, 5 and 10 mg/l,
thiourea at 0.0, 500 and 1000 mg/l and their interactions, on vegetative
growth, photosynthetic pigments, yield and its components as well as
oil content of two Sunflower cultivars (Erolfor and Vedock) were
studied. Vedock cultivar recorded significantly increased growth
characters (plant height, stem diameter, number of leaves/plant, leaf
area, leaf area index, head diameter total dry weight/plant),
photosynthetic pigments, yield and yield components (i.e. number of
seed’head, seed index, seed yield/plant, seed vyield/fed., straw
yield/plant, straw yield/fed. and harvest index) as well as oil content
compared with Erolfor cultivar at different growth stages.

Foliar application of morphactin up to 5 mg/l or thiourea up to
1000 mg/l had significant effects in increasing vegetative growth.
photosynthetic pigments, yield and yield components (i.e. number of
seed/head, 100 seed weight, seed yield/plant, seed yield/fed, straw
yield/plant, straw yield/fed and harvest index) as well as oil content
compared with those of the control at the three physiological growth
stages.

Generally, foliar application of morphactin at 5 mg/l and thiourea
at 1000 mg/l singly or together were the most effective treatments to
get better results in increasing growth characteristics, yield and its
components, oil percent and increased total seed yield/fed (1.72, 1.74),
straw yield/fed (3.06. 3.12) and oil yield/fed (4.33, 4.30) of these two
cultivars. The increase in growth processes associated with these
treatments are the consequence of a number of effects on the major
physiological processes like photosynthesis.

Keywords : Sunflower cultivars (Erolfor and Vedock), Morphactin
CF,55 , Thiourea, Growth characters , Photosynthesis ,
Yield, Oil content.

Sunflower plant (Helianthus annuus L.) is one of the most important oil crops in
the world. It is grown in Egypt mainly for edible oil production. It is used in an
attempt to reduce cardiovascular diseases. Some sunflower seeds are rich with
oleic acid. Besides, the levels of anti-oxidant (tocopherols) and phytosterols are
naturally high in the traditional sunflower oils (Maiti er al., 2005). At the present
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time, to face the continuous gap between production and consumption of edible
oils, many efforts are being taken to increase the yield of cultivated oil crops
either through increasing the cultivated area or by increasing the yield per unit
area. This must be supported by numerous studies searching for higher yielding
ability, adaptable cultivars and their ideal agronomic needs in each similar area.
Using suitable plant growth regulators can help in this respect. Morphactins are
new group of synthetic plant growth regulators which have been used in many
field crops to control the vegetative growth and reduce the risk of logging by
shortening the culm base when applied early (Lovett & Campbell, 1973 and
Kust, 1985) or by decreasing the length of upper internodes when applied at late
growth stages (Sanvicente ef al., 1999). However, higher doses of morphactin
inhibited shoots and internodes elongation and resulted in stunted shoots but the
inhibition could be counteracted either partly or completely by simultaneous
application of gibberellin. On the other hand, thiourea play several bioregulatory
roles in crop plants, as the sulthydryl group has diverse biological activities
(Jocelyn, 1972). It involves in phloem transport of sucrose and substrate binding
site of the amino acid carrier (Giaquinta, 1977 and Mc Cormick & Johnstone,
1990). Thiourea enhance formation of the ternary complex, sucrose H" carrier,
thus improving translocation of photosynthate. It increases the photosynthetically
active leaf surface during grain filling in cereals. Thiourea stimulates dark
fixation of CO; in chick pea embryonic (Hemandez et al., 1983).

The uses of morphactin and thiourea to improve growth and yield of various
crops have yielded very encouraging results with some plants. Morphactin
affected positively stem diameter, fresh arid dry weight, number of shoots/plant,
photosynthetic pigments as well as seed yield, protein, carbohydrate and oil
- content of sunflower (El-Bassiouny, 1992 and Koutrobas ef al., 2006) and maize
plants (Ali er al., 2003 and Amin ef al., 2006). Moreover, thiourea significantly
increased vegetative growth, protein content and yield of maize (Sahu et al.,
1993), onion (Hbdul Hye et al., 2002), clusterbean (Burman et al., 2004 and
Garg et al., 2006) and potato (Siemion ef al., 2005) via improvement of
photosynthetic efficiency and canopy photosynthesis.

Thus, the present work was undertaken to study the effect of spraying
sunflower cultivars (Erolfor and Vedock) at elongation stage with morphactin and
thiourea, individually or in combination on some morphological criteria,
photosynthetic pigments, yield and its components, as well as oil content of seeds.

Material and Methods

Two field experiments were carried out at the Experimental Station of
National Research Centre, Shalakan Kalubia Governorate during the two
successive seasons of 2005 and 2006. The effects of foliar application of
morphactin (CF,;s), thiourea and their interaction on vegetative growth,
photosynthetic pigment content, yield and its component as well as seed oil
content of two sunflower cultivars (Erolfor and Vedock) were examined.
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The experimental design was split-split-plot design with four replications.
Two sunflower cultivars were planted as the main plots, morphactin treatments
were allocated at random in sub-plots and thiourea treatments occupied in sub-
sub-plots. Plot area was 10.5 m” (3.0 m x 3.5 m) and consisted of five ridges 3.5
m in length at 60 cm apart. Seeds of two sunflower cultivars were sown on the
May 30" in both seasons in rows and the distance between hills along the row
was 15 cm apart. Calcium super-phosphate (15.5 % P,0s) was applied at 100
kg/fed to the soil. While, nitrogen fertilizer at 100 kg N/fed as ammonium nitrate
(33.5 % N) was applied in two equal doses before the first and second irrigation,
respectively. |

Sunflower plants were foliar sprayed with morphactin CF,5 (2-Chloro-9-
hydroxyfluorene-9-carboxylic acid) supplied by E-Merck Co., German at the
concentration of 2.5, 5 and 10.0 mg /1 and/or thiourea at 500 and 1000 mg /1.
Interaction treatments of the different concentrations of the two factors were also
carried out. Control plants were foliar sprayed with distilled water and the
volume of the spraying solution was maintained just to cover completely the
plant foliage.

In both seasons, foliar spray of morphactin as well as thiourea were applied at
30 and 45 days from sowing. After 15 days from each spray, photosynthetic
pigments content were determined in fresh leaves samples. Growth characters
were measured at beginning of flowering stage (50 DAS), seed filling stage (65
DAS) and ripening stage (80 DAS).

Plant growth parameter were recorded in terms of plant height, stem
diameter, number of leaves/plant, leaf area (cm?*/plant) according to (Bremner &
Taha, 1966), leaf area index (LAI) (Watson, 1952), head diameter (cm) and dry
weight/plant (g). At the harvesting time, the mean values of yield and yield
characters, i.e., plant height, stem diameter, number of seeds/head, seed
yield/plant (g), seed yield (ton/fed), straw yield/plant, 1000-seed weight (seed
index g), straw yield (ton/fed), harvest index, oil percentage and oil yield of
seeds were determined. Plant samples were dried in an electric oven with drift
fan at 70°C for 48 hr till constant dry weight was achieved. Representative fresh
samples of seeds were taken from each treatment for determination of oil
percentage by Soxhlet apparatus according to A.O.A.C. (1984) and oil yield/fed
were calculated. Photosynthetic pigments of fresh leaves; chlorophylls a, b,
carotenoides and total pigments were determined and calculated according to
Saric et al. (1967) at three stages of sunflower growth .

Combined analysis of data for two growing seasons was carried out
according to Snedecor and Cochran (1990) and the values of least significant
differences (L. S. D. at 5% level) were calculated to compare the means of
different treatments. '
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Results and Discussion

Growth parameters

Data presented in Table 1 show that there was significant difference in plant
growth parameters between two sunflower cultivars at different stages of growth.
Generally, Velock variety significantly surpassed Eroflor variety in plant height,
stem diameter, number of leaves/plant, leaf area (cm*plant), leaf area index,
head diameter and dry weight/plant (g). The differences in dry matter production
may be due to height and thickness of plants, the higher number of leaves as well
as leaf area and photosynthetic pigments. This in turn increased the capacity of
the dry matter accumulation in different plant parts. It is note worthy to mention
that the difference between the two sunflower cultivars confirmed with the
results obtained by several researches (Sary et al., 1995; Bader 1998; El-Essawy

& Mohamed 1998; Hassanien et al., 2001; Ibrahim et al., 2003 and Galal &
Hassanein, 2006).

Foliar application of morphactin up to 5 mg/! at the three physiological stages
of growth promoted growth criteria (plant height, stem diameter, number of
leaves/plant, leaf area, leaf area index, head diameter and total dry weight/plant)
compared to corresponding untreated plants and decreased thereafter. In all
cases, the increments in growth parameters were often highly significant in
comparison with untreated ones. It could also be observed that morphactin alone
caused moderate effects in increasing growth characters, as compared to other
applied treatments or the control plants, especially at 5 mg/l. These results were
true at different stages of growth. Many investigators suggested that foliar
application of morphactin greatly promote the vegetative growth due to increase
in the dry matter production through the enhancement of cell division and
chlorophyll accumulation of plants like sunflower (El-Bassiouny, 1992), Vicia
faba L. (El-Masry et al., 1994), Boronia megastigma (Day et al., 1994) and
maize (Ali et al, 2003). However, growth characters were decreased by
increasing morphactin up to 10 mg/l in sunflower plants. Similarly, high
concentration of morphactin decreased plant height, number of leaves/plant, dry
weight/plant and shoot length of sunflower, soybean and tea plants, respectively
(Lord et al., 1985, Bruce 1990 and Mahanta & Sarma 1996).

Furthermore, thiourea was more effective than morphactin treatments in
increasing vegetative growth of sunflower plants at the different stages of growth
(Table, 1). The increment in growth characters (i.e. plant height, stem diameter,
number of leaves/plant, leaf area, leaf area index, head diameter and total dry
weight/plant) reached its maximum values with 1000 mg/l thiourea treatment
compared to control plants. This could be due to the stimulatory effect of
thiourea in enhancement of cell division and chlorophyll accumulation,
increasing nitrogen uptake. The effect of thiourea in turn reflected in increasing
metabolic processed and hence caused an increase in the growth which reflect on
the accumulation in the dry matter (Burman ef al., 2004, Siemion ef al., 2005 and
Garg et al., 2006).
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TABLE 1. Effect of morphactin and thiourea on growth characters of two sunflower cultivars at different stages of growth
(Combined analysis of two seasons).

Tr:;tgn;:e)nts Plant height (cm) Stem diameter (cm) Number of leaves plant™ Leaf area (LA) (cm?)
A B C A B C A B C A B C
Eroflor cultivar 80.24 97.70 185.37 1.67 1.89 234 17.59 20.53 23.09 70829 98936 1253.12
Vedock cultivar 85.65 10941 19676  1.74 1.99 2.56 19.21 23.68 26.50 859.86  1131.17 1469.83
LSD at 5% 0.73 0.78 2.51 0.04 0.06 0.11 1.34 1.23 243 28.69 59.90 64.50
Morphactin 0.0 7935 98.78 186.13 1.58 1.78 1.99 17.62 19.96 23.01 71513 997.66 123271
25 83.62 10292 192.93 1.69 1.98 2.59 19.50 22.46 25.21 861.83 1162.37 1389.26
5.0 8694 113.88 197.68 1.82 2.11 | 2.76 19.76 23.76 26.66 804.67 1047.69 134453
10.0 | 8048 96.86 18796 1.76 1.89 244 18.43 21.98 24.64 69448  969.10 115746
LSD at 5% 056 0.76 1.02 0.09 0.07 0.19 0.53 0.35 1.01 47.96 23.86 55.87
Thiourea 0.0 78.99  96.99 186.04 1.60 1.79 2.03 17.90 20.11 23.51 728.18 1027.92 1262.72
500 82.35 103.34 189.56 1.72 1.94 2.58 18.69 22.64 25.44 82226  1059.77 1375.40
1000 | 87.24 110.29 199.78  1.80 2.09 2.73 19.86 23.78 26.01 847.04 115242 1461.86
L.S.D. at 5% 097 144 1.29 0.11 0.09 0.17 0.44 1.56 136 58.09 17.09 34.50
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TABLE 1. Cont.

Treatments (mg nm Leaf area index (LAY ‘Head diameter (cm) Dry weight (g) plant’
o A B C A B C A B C
Eroflor cultivar 1.74 2.41 2.69 10.79 16.32 18.09 54.73 103.79 179.90
Vedock cultivar 1.90 2.72 2.88 12.85 17.89 19.43 59.44 119.66 195.45
LSD at 5% N.S. 0.12 NSS. 1.02 0.67 0.78 1.30 243 589
Morphactin 0.0 1.73 242 2.54 1064  16.09 17.47 53.08 102.27 180.87
2.5 191 276 289 11.79 17.34 18.79 59.67 116.36 189.55
5.0 1.87 2.51 2.83 12.56 17.86 19.53 61.77 119.59 196.69
10.0 1.82 245 275 1095 16.90 17.69 54.94 109.46 184.40
LSD at 5% 0.08 0.07 0.13 024 0.62 0.12 1.08 2.76 2.56
Thiourea 0.0 1.72 244 256 1068 16.29 17.64 53.63 102.09 180.31
500 1.84 2.67 2.34 1179 17.49 18.84 58.29 112.77 186.62
1000 1.90 2.75 2.89 12.94 17.93 19.68 62.04 120.31 196.07
L.S.D. at 5% 0.05 0.15 0.21 0.39 0.70 029 2.01 5.86 5.44

A= Beginning of flowering stage, B= Seed filling stage and C=Ripining stage.
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Concerning the interaction between the two sunflower cultivars and
morphactin on vegetative growth, significant increases have been obtained in
plant height, stem diameter and number of leaves/plant (at different stages of
growth), head diameter and dry weight/plant (at 50 and 65 DAS). Moreover, the
interaction between two sunflower cultivars and thiourea extensively increases
the same mentioned characteristics of growth. The most promising results of
growth was obtained in velock cultivar by morphactin treatment at 5 mg/l or
thiourea treatment at 1000 mg/l (Tables 4 & 5). Regarding, the combined effect
of morphactin and thiourea similar significant increases have been obtained in
plant height, stem diameter and number of leaves/plant (at different stages of
growth), head diameter, leaf area, leaf area index and dry weight/plant using
different concentrations of morphactin and thiourea compared to control plants.
Thiourea at 1000 mg/l + morphactin at 5 mg/l was the most effective treatment
in enhancing growth parameters (Table 6).

Photosynthetic pigment content

Data presented in Table 2 show that there was a gradual decrease in chl. b,
carotenoids and total pigments with increasing age of plant, reaching a minimum
value of photosynthetic pigments at 80 DAS after sowing. Generally, there was
significant difference in photosynthetic pigments between the two sunflower
cultivars; Velock variety was more effective than Eroflor variety in increasing
photosynthetic pigments at different stages of growth. Similar results were obtained
on sunflower by (Badr, 1998; Hassanein ef al., 2001 and Ibrahim et al., 2003).

Foliar spray of sunflower -plants with morphactin significantly increased
photosynthetic pigments compared to untreated plants at 50, 65 and 80 DAS
(Table 2). The highest recorded value of chl a, chl. b, carotenoid and total
pigments in sunflower was obtained in leaves of the plants treated with 5 mg/l
morphactin. This may be due to stimulation of biosynthesis of chl a at early
stages and delay its breakdown at mature stage. Similarly, lower concentration of
morphactin stimulated chlorophylls a, b and carotenoids synthesis, while, the
higher concentrations had no effect on sunflower plants (El-Bassiouny, 1992 and
Alietal., 2003).

Furthermore, results achieved indicate that different photosynthetic pigments
(chl. a; chl. b, carotenoids as well as total pigments) were significantly increased
with increasing applied concentration of thiourea up to 1000 mg/1 in the leaves of
sunflower plants over their corresponding control at different stages of growth
(Table 2). In accordance, Garg et al. (2006) found that thiourea at S0 mg/l gave
the highest photosynthetic pigments content due to the stimulatory effect on the
amount of metabolites synthesized through enhancement of cell division and
chlorophyll accumulation which leads to higher rate of photosynthesis.

Egypt. J. Appl. Agric. Res. (NRC), Vol. 1, No.1 (2008)
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TABLE 2. Effect of morphactm and thlourea on photosynthetlc plgments contents (mg/g dry weight) of two sunflower cultlvars at
different stages of growth (Combined analysis of two seasons).

Treatments . . .
(mg /) 50 days after sowing 65 days after sowing 80 days after sowing

Chla ChLb Cal:oteno -Total‘ Chla Chlb Car:oten .Total Chla  Chlb Cal:oten .Total

_ ids  pigments oids  pigments oids pigments
Eroflor cultivar 3.64 293 269 . 9.26 429 279 - 246 9.54 3.09 1.77 1.74 6.6
Vedock cultivar 4.82 343 2.89 11.14 459 3.51 2.71 10.81 439 1.89 1.86 8.14
LSD at 5% 0.08 0.06 0.03 0.08 N.S. 0.09 0.02 0.09 1.01 N.S. 0.02 0.02
Morphactin 0.0 3.56 2.96 245 8.97 423 2.37 2.27 8.87 3.03 1.19 1.51 573
2.5 434 328 2.62 10.24 446 3.56 245 10.47 3.54 1.41 1.71 6.66
50 484 429 299 1212 5.33 3.96 279 12.13 434 2.76 2.21 9.31
100 | 391 322 233 9.46 429 293 239 961 330 147 1.60 6.37
LSDat5% 0‘06" 0.07 0.05 0.07 0.03 0.08 0.04 0.08 0.09 0.03 0.04 0.09
Thiowrea 00 | 343 297 239 879 433 242 205 88 209 106 149 554
500 | 453 346 257 1056 463 349 249 1061 352 143 167 6.62

. 1000 i 4.76 4.09 295 11.80 4.76 3.69 2.61 11.06 427 2.38 1.74 839 -
LSD at 5% 0.09 0.08 0.06 0.08 0.04 0.07 0.05 0.07 0.08 0.04 0.08 0.08
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Concerning the interaction between two sunflower cultivars and morphactin
on photosynthetic pigments are shown in (Fig. 1). The interaction between two
sunflower cultivars and morphactin significantly increased chlorophyll a, chl. b,
carotenoids and total pigments at 65 DAS but had no significant effect at S0 and
80 DAS. Morphactin treatment at 5 mg/l in velock cultivar was more effective
than in Eroflor cultivar in increasing photosynthetic pigments at 65 DAS.

Moreover, the interaction between morphactin and thiourea significantly
increased chlorophyll a, b, carotenoids and total pigments at 65 DAS in
sunflower plants but had no significant effect at 50 and 80 DAS. The most
effective treatment in increasing photosynthetic pigments was thiourea at 1000
mg/l+ morphactin at 5 mg/l compared to untreated plants (Fig. 2). The
accumulation of photosynthetic pigments as a result of these interaction
treatments may be due to increase in photosynthetic efficiency as reflected by
increase in both chl a, b and carotenoids content in sunflower plants.

Yield and its components

Data presented in Table 3 show that Velock variety significantly surpassed
Erofior variety in different growth parameters (e.g. plant height, stem diameter,
number of seeds/head, seed index (g), seed yield/plant (g), seed yield (ton/fed),
straw yield/plant, straw yield ton/fed, harvest index, oil percentage and oil yield
of seed as compared to their corresponding controls. Similar results on sunflower
cultivars were obtained by several other investigators (Hassanien et al., 2001;
Torahim et al., 2003 and Galal & Hassanein, 2006). Difference in yield and its
components between Velock and Eroflor sunflower cultivars may be due to
difference in growth characters, photosynthetic pigments partitioning and
migration of photosynthate among the plant organs, accumulation of dry matter
which in turn reflected on yield and its components (Abd El-Gawad et al., 1988).

Application of morphactin especially at 5 mg/l resulted in the highest
increase in yield and its components (plant height, stem diameter, number of
seeds/head, seed index, seed yield/plant, seed yield, straw yield/plant, straw yield
and harvest index) as compared to their corresponding controls. In support,
Hassanien et al., (2001) in sunflower; Ali et al., (2003) and Amin et al., (2006)
in maize plants found that low concentration of morphactin increased yield and
its components and attributed this to the increasing ability of plants in building
metabolites, retardation of senescence and promoting vegetative growth (Zayed
et al., 1985; El-Bassiouny, 1992 and Nepalia et al., 1996). On the other hand,
morphactin application at 100-200 ppm sharply suppressed vegetative growth
and pod formation in Vicia faba plants (El-Desoki ef al., 1994). The present
investigation showed that the most promising results of oil yield/fed obtained by
morphactin application at 5 mg/l were due to increase in oil percentage and seed
yield. In contrast, morphactin application at 10 mg/l had no effect on oil yield.
due to increase in oil percentage and seed yield was decrease (Table 3).

Egypt. J. Appl. Agric. Res. (NRC), Vol. 1, No.1 (2008)
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Fig. 1. Effect of interaction of morphactin and two sunflower cultivars on
Photosynthetic pigments at 65 days after sowing (Combined analysis of two
seasons). Vertical bars represent L..S.D. at §%.
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Fig. 2. Effect of interaction of morphactin and thiourea on Photosynthetic pigments
~ of sunflower cultivars at 65 days after sowing (Combined analysis of two
seasons). Vertical bars represent L.S.D. at 5%.
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TABLE 3. Effect of morphactin and thiourea on yield and its components of two sunflower cultivars. (Combined analysis of two seasons).

IVITOA OL SYVALLTND YIMOTINNS OM L 40 FSNOJSTY

Plant Stem Harvest
Treatments C " No. of seedsSeed index Seed yield Straw yield Straw yield Oil yield .
height diameter B : yield N p B % . index
(mg ) o head weight (g) . (tonfed™)  plant (ton fed™) (ton fed™)
(cm) (cm) plant o _
Eroflor cultivar 197.34 2.49 989.98 6.09 65.01 1.08 155.72 2.21 3690 293 0.49
Vedock cultivar 205.01 2.76 1013.22 1.72 76.44 1.59 167.13 2.89 3947 403 ;_‘0.5“6
LSD at 5% | 213 0.20 10.67 0.86 4.56 0.10 3.76 0.13 2.05 : 0.15 -  0.0‘3
Morphactin = 0.0 196.54 2.46 938.32 5.87 64.89 0.99 149.08 223 37.01 2.67 ©0.44
" 25 202.72 2.57 1014.49 6.86 69.73 1.48 160.52 2.80 39.36 3.76 0.53
5.0 207.36 2.78 1056.66 7.97 78.81 1.72 179.49 3.06 39.72 433 0.57
10.0 199.18 2.66 994.92 6.48 67.43 1.09 157.93 2.11 40.65 2.68 0.52
LSD at 5% 2.01 0.05 23.58 0.18 3.22 0.04 2.64 0.15 1.16 0.16 -0.06
Thiourea 0.0 - 195.96 249 94527 592 165.05 1.02 143.75 229 3741 273 0.46
500 199.90 2.62 1001.81 6.89 69.43 1.50 156.09 2.57 39.62 3.79 0.59
1000 205.76 276 1057.21 7.99 77.58 1.74 184.76 3.12 40.51 ..4.30 0.60
L.S.D. at 5% 2.59 0.07 3451 0.27 3.91 0.15 6.01 0.11 166 -  0.16 0.08
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The effect of thiourea on yield and its components (plant height, stem
diameter, number of seeds/head, seed index, seed yield/plant, seed yield, straw
yield/plant, straw yield, harvest index, oil percentage of seed and oil yield) was
significantly increased with increasing thiourea up to 1000 mg/l as compared to
their corresponding controls (Table 3). Thus, thiourea enhanced chlorophyll
accumulation which leads to higher photosynthetic activity and accumulation of
dry matter. It was reflected on the increased translocation and accumulation of
certain microelements in plant organs which affected their yield and its
components. (e.g. head extension, increased seed number and consequently dry
weight). Similar results were obtained, using different concentrations and
different modes of application (Sahu et al. 1993; Sahu & Singh, 1995; Mekki et al.,
1999 and Burman et al., 2004).

Furthermore, sunflower yield is far more sensitive to the interaction treatments
between two sunflower cultivars (Velock & Eroflor) and morphactin than with
thiourea. The higher increase in plant height, stem diameter, number of leaves/plant,
head diameter, dry weight/plant, number of seeds/head, seed yield/plant, straw
yield/plant and straw yield were recorded in Velock & Eroflor cultivars at 5 mg/l
morphactin as compared to their relative controls (Tables 4 and 5).

On the other hand, the interaction between morphactin and thiourea resulted
in a general increase in crop growth and yield compared to their relative controls.
Observation showed that maximum values were obtained by foliar application
with 5 mg/l morphactin + 1000 mg/1 thiourea, followed by 5 mg/l morphactin +

500 mg/l thiourea for previous parameters except for leaf area and leaf area
index (Table 6).

From the preceding results and discussion, it can be concluded that foliar
application of sunflower cultivars with morphactin (up to 5 mg/l) and thiourea
(up to 1000 mg/1), individually or their interaction at elongation stage, stimulate
the growth of sunflower plants via the enhancement of the biosynthesis of
photosynthetic pigments and photosynthetic rate. In addition, it improved yield
by increasing seed index, seed yield/plant, seed yield/fed, straw yield/plant,
straw yield/fed and oil yield of seeds/fed and thus morphactin and/or thiourea
treatments improved the yield of two sunflower cultivars.

Egypt. J. Appl. Agric. Res. (NRC), Vol. 1, No.1 (2008)
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TABLE 4. Effect of interaction of morphactin and two sunflower cultivars on growth characters at different stages of growth (Combined
analysis of two seasons).

Seed
Treatments Head Dry o of yield St
reatm Plant height Stem diameter Number of diam- weight ’ y . "W Straw yield
(mg /) 1 seeds  (g) Yyield (g) 1
(cm) (cm) leaves plant eter (g) 1 1 1 (ton fed™)
.1 head” plant” plant
(cm) plant .
Eroflor cuitivar A B C A B C A B C B A
Morphactin 0.0 8096 100.01 18767 149 179 219 1779 21.09 2359 1647 5315 9695 6653 149.59 0.96
25 8251 10562 19390 182 198 253 1882 2286 2602 1791 5626 10183 7124 167.81 1.59
5.0 8494 10943 196.88 183 205 262 1896 2297 2676 1828 60.73 10392 7650 175.09 1.65
10.0 {7990 9826 189.94 1.69 1.89 2.45 1690 2190 2280 17.01 5948 98L.1 6790 154.16 1.22
LSD at 5% 0.97 0.46 0.76 013 003 007 015 039 032 . 049 085 8.46 0.43 2.89 0.20
Vedock cultivar
Morphactin 0.0 80.28 9906 18649 152 180 217 17.85 2048 2311 1693 54.02 9598 6761 15235 1.14
25 8347 11029 19406 172 196 254 1863 2269 2563 1775 5746 10272 72.09 166.70 1.60
50 (8506 10601 19723 183 210 264 19.55 2378 27.08 1809 6034 10435 7549 172.48 1.72
100 |79.68 10022 18938 183 192 246 1811 21.86 2364 1742 6001 9761 6825 156.09 1.34
LSD at 5% 089 032 1.82 016 009 008 017 076 036 024 132 11.06 050 272 0.16
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TABLE 5. Effect of interaction of thiourea and two synflower cultivars on growth characters at different stages of growth (Combined

_analysis of two seasons).

1212 NINV V'V

Leaf Leaf Dry See Seed Seed Straw
Treatments Plant height Stem diameter area area weight | yield yield (ton yield (g)
(mg /) (cm) (cm) LA)  index (@ " (g plant') fed”) plant’
@m) @LAD plant®
Eroflor cultivar A B C A B C B C A
Thiourea 0.0 7990 9890 18521 159 178 218 989.88 245 53.90 6.19 65.90 1.11 149.94
500 18286 10396 19443 174 197 256  1037.07 2.53 58.88 6.89 69.89 1.43 159.60
1000 {8501 10689 19609 182 206 260 1079.78 2.67 60.87 7.39 74.96 1.59 174.38
L.S.D. at 5% 1.56 2.64 369 010 009 006 " 19.62 0.04 3.01 0.28 0.60 0.11 1.39
Vedock cultivar
Thiourea 0.0 80.12  99.60 18639 160 1.79 216 1009.96 2.44 54.24 6.32 66.12 1.19 150.04
500 8316 10434 19350 176 198 258 1098.48 2.57 57.36 7.13 70.34 1.52 162.35
1000 }86.00 107.69 198.01 182 209 262 1153.06 2.70 62.11 7.42 76.09 1.67 172.08
L.S.D. at 5% 2.76 3.01 423 011 012 0.09 21.37 0.05 2.59 0.44 0.85 0.15 4.89

A= Beginning of flowering stage, B= Seed filling stage and C=Ripining stage.

bl
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TABLE 6. Effect of interaction of morphactin and thiourea on growth characters of sunflower cultivars at different stages of growth
(Combined analysis of two seasons).

af Seed
Treatments Plant height Stem diameter ?fulz;l:'(;rs diil::::(:er :reea . Leaf area w?ig:t y (Zl)d Syture?(;v Syti::l‘;v
(mg /) (cm) {cm) plant” (cm) (LAz) index (LAI) (2) . plant’ (g) ; (to-rll
(cm plant . plant’ fed™)
Thiourea Morphactin| A B c A B C B c A c B B C A
0.0 0.0 7553 .95.18 183.90 1.49 1.78 2.02 19.87 2347 9.94 17.59 994.95 1.98 234 52.89 6532 150.12 0.91
2.5 77.44 103.39 190.90 1.66 1.86 2.29 2172 24.64 11.25 17.91 1093.49 2.52 2.95 56.02 68.4} 156.31 1.29
5.0 79.89 106.27 195.82 1.80 1.98 2.54 2289 2660 11.64 18.64 1042.66 2.34 2.79 5990 71.50 166.49 138
) 10.0 72.69 98.49 186.94 1.74 1.90 249 2049 2372 10.29 18.37 979.59 2.11 249 4955 6690 153.58 0.96
500.0 0.0 79.96 99.84 186.79 1.56 1.80 215 20.85 2390 10.78 18.52 1007.31 2.19 241 53.69 66.87 152.76 0.98
2.5 82.68 106.46 193.47 1.72 1.89 243 22.59 2551 11.76 19.63 1121.67 262 2.99 59.76 7270 16466 1.49
5.0 84.90 110.57 19760 1.82 2.05 2.64 23.87 2676 1280 1976 1098.55 2.54 2.86 60.84 7468 17509 1.59
10.0 77.93 100.25 189.89 1.80 1.99 2.54 2190 2449 11.09 1869 996.11 2.33 2.57 52.89 6859 159.58 1.24
(I)OOO. 0.0 85.67 106.29 189.54 1.59 1.83 231 2176  24.0% 10.96 19.23 1101.61 2.28 244 5479 6740 154.49 1.22
2..5 85.87 109.30 19572 1.76 1.97 249 2389 2638 1184 1979 1201.03 2.67 3.08 6090 7431 167.30 1.59
50 87.98 113.43 19963 183 2.09 267 2394 2706 1289 20.19 1136.93 2.59 289 6280 7626 177.21 1.72
10.0 80.59 103.45 190.81 1.82 2.06 2.56 22,71 2437 1 .72 1942 1086.15 243 2.60 53.34  69.71 162.39 1.29
LSD at 5% 0.12 1.64 201 005 002 014 036 017 022 019 0.24 008 005 100 0.83 2.10 0.03

A= Beginning of flowering stage, B= Seed filling stage and C=Ripining stage.
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