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Abstract

Sunflower vield is determined by seed (kernel) number / m ~ and by achene (fruit)
weight. Two pot experiments were carried out during two successive seasons to investigate
localized effect of GA, Kinetin or mixture of both on sink site and filling in tow cultivars of
sunflower plant. The experiment was laid out in a completely randomized block design in a
factorial arrangement with tow cultivars (Flame and Euroflore) and four plant growth
regulators treatments ( (Control , GA3 ,Kinetin and ( GA3 +Kinetin) ) with four
replications . GA 200 ppm, Kinetin 200 ppm and (GA 200+Kinetin 200) ppm each were
applied to the buds at opening stage (45 after sowing). Comparable plants in control were
treated with distilled water. At maturity, heads were divided into four equal parts across the
center. Each of these four parts was further divided into 1 /3 equal portions i. e. peripheral,
middle and central. Data were recorded on seed weight, number of total seeds and filled seeds
for each portion, then percent increase in number of seed, percent increase in  number of
filled seed s percentage of filled seed and mean weight of seed were calculated.

For both cultivars plant growth regulator (PGRs) applications gave higher number of
total seeds, number of filled seeds and percentage of filled seed in all the three portions and
improved mean of seed weight in both seasons and as a mean of seasons as compared to their
respective controls. The most effective treatment was (GA 200 + Kinetin 200) ppm. Flame
cultivar was superior over Euroflore in number of total seeds, number of filled  seeds and
percentage of filled seeds in all the three portions and in mean of seed weight in both seasons
and as a mean of seasons.
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Introduction

Seed setting and filling problem is one of the most important constraints in sunflower
production and often considered to be a major reason for low productivity. Besides poor
agronomic management, there are several genetic, physiological and environmental factors
causing poor seed setting and filling in sunflower. The fruit (grain) of the sunflower is
formed by the pericarp (hull), which comprises between 20 and 25% of the fruit weight,
and the kernel or seed (mostly embryo) where the largest proportion of lipids and dry
matter is stored (Connor and Hall, 1997) A developmental model of sunflower’s seed can be
defined by three sequential phases (Lindstrom et al., 2002). The initial phase (Phase I), up
to 10 days after anthesis, includes fertilization, the period of active cell division and a slow
increase of the dry weight. Here, the anatomy of the embryo structures is defined  and the
final number of embryo cells is fixed (Lindstrom et al., 2002).  Also during this phase the
pericarp completes its development (Connor and Hall, 1997, Lindstrom et al., 2002). Next
follows an intermediate phase (Phase Il), where there is an increase of cell volume and a
rapid accumulation of dry matter in the seed. In the final phase (Phase I11) maximum seed
weight is achieved and the fruit reaches physiological maturity. In the sunflower capitulum,
there is a developmental and growth gradient, which progresse from the fruits at the
periphery towards those at its center. So, the effect of any environmental stress, while the
reproductive development is in progress, will not be similar for the fruits at the different
positions on the capitulum. For example, Yegappan et al. (1982) observed that water stress
in post-anthesis reduced the weight of the central seeds  and not that of the fruits at the
capitulum periphery whereas Cantagallo et al. (2004) found that pre-anthesis shading only
affected the weight of the fruits at the peripheral and mid positions on the capitulum. The
developmental status reached by the pericarp before anthesis could limit the subsequent
seed growth and development and, consequently diminish the final fruit weight (Egli et al.,
1987). Cantagallo et al. (2004) found in sunflower that the carpel weight at anthesis was
related to the final weight of the fruit. Empty achenes consist of a pericarp (fruit wall),
testa (seed coat), endosperm and a rudimentary embryo, if present at all. Incomplete seed
development is frequently found in the capitulum centre. However, the physiological basis
of seed set is poorly understood. The sensitive period for seed number determination lasts
from floral initiation to first stages of seed filling, corresponding approximately to an
interval between 30 d before and 20 d after the beginning of anthesis (Cantagallo et al. ,1997).
This period covers a major part of the life span of the sunflower, including different
simultaneous and sequential processes of ontogeny: Leaf differentiation and expansion;
root and stem development;  floret differentiation, sporogenesis, flowering, pollination,
fertilization, early stages of embryogenesis and seed filling. Thus, not surprisingly, several
factors influence seed development. Floral initiation determines the maximum number of
florets and seeds that can be produced. The number of floret primordia depends on the
availability of nutrients  ( Palmer and Steer , 1985 ), water (Yegappan et al. ,1982 ),
temperature (Chimenti and Hall ,2001), radiation (Cantagallo and Hall , 2002) and day
length (Palmer and Steer , 1985). Empty achenes result from disturbed growth following
floral initiation. Defective fertilization due to extreme temperatures (Rawson et al., 1984),
self-incompatibility (Saranga et al., 1996) or the lack of pollination (Nur, 1978) increases
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the percentage of empty achenes directly. In contrast, water supply (Yegappan et al., 1982),
mineral nutrients ( Steer et al., 1988), radiation (Dosio et al., 2000); hormones and plant
growth regulators (Vasudevan et al., 1996) have multiple effects on whole plant physiology,
influencing seed development indirectly. An increased source size per seed was always
accompanied by a reduced percentage of empty achenes and increased dry  matter per
achene, whereas a lowered source-sink ratio caused the opposite result (Alkio et al., 2003) If
these reactions are considered as a consequence of photoassimilate translocation, they
support the view that seed development in sunflower is  source limited (Alkio et al., 2003),.
This is in contrast to the hypothesis that the amounts of photo-assimilates generally do not
limit grain filling (Richards ,2000). Sunflower yield is determined by seed number/m and
by achene weight. Frequently, a high percentage of empty achenes in the inner portion of
the capitulum, probably due to a reduced vascularization of that section of the flower head,
decreases final yield. During seed filling, maximum import of photoassimilate appeared
in intermediate whorls, while central whorls always exhibited the lowest import leading to
poor seed filling (Alkio et al., 2002; Alkio et al., 2003).

Plant growth regulators (PGRs) have the capacity to modify every phase of plant
growth spanning from seed germination to crop maturity. Since most plant growth and seed
development processes are regulated by natural plant hormones, many of these processes
might be manipulated either by altering the endogenous hormone level or by changing the
capacity of the plant to respond to its natural hormones. It is well known that plant
hormones are involved in grain filling and seed development (e.g. Yang et al., 2002b, and
2003b).

It was generally recognized that the role for GA, I1AA, and ABA lies mainly in the
seed filling, whereas CKs are most important in the early stages of seed set (Hess et al.,
2002). Studies conducted by Chinnamuthu et al. (2000) revealed that spraying
Brassinolide 1 ppm (S3) at the ray floret opening stage led to the highest filled seeds
percentage and was superior to other seed setting treatments. Shukla et al. (1987)
summarized results for other researchers that gibberellins effect on translocation of
photosynthates, flowering, fruit set, length and fresh weight of pistils and strength of the
sink. The effects of GA3 application on flowering of sunflower and rice showed early
flowering (Awan et al., 1999). The combined doses of GA3 + IAA and GA3 + kinetin
should early flowering which was accompanied by more number of flowers in comparison
to control; this clearly indicated the effect of GA3 and kinetin on the initiation of
flowering. Furthermore, the threshold  required for flowering may have been acquired
earlier with the combination of these three hormones (Fulailin, 2004).

Evidence from soybean, maize, rice, barley, and wheat implicates CKs as  promoters
in establishing sink potential at early stages of reproductive development. CKs can  increase
sink strength by promoting cell division in the young ovaries, and this may redirect
movement of assimilates into treated tissues, increase growth rates of the developing
ovaries and thereby decrease the rates of abortion (Lur and Setter, 1993; Dietrich et al.,
1995) .Beltrano et al. (1994) found for both seasons and hybrids BA 150 mg/l + GA 150 mg/I
applied at 40 days after emergence significantly reduced the percentage of empty achenes,
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increased achene weight, achene weight (x 1000) and achene number in the inner portion
of the capitulum and in the middle and outer portion . And a distribution model was
showing that preferential allocation of photoassimilates in the outer portion of the
capitulum can be modified by PGR application, demonstrating that photoassimilate
distribution is under hormonal control.

In the work presented here efforts have been made to study the effect of exogenous
application of GA3 , Kinetin and mixture of both on seed setting and seed filling in
sunflower capitulum .

Materials and methods

Cultivars and Growth

The present study was conducted to examine the role of gibberellin and kinetin and
mixture of both in regulation of seed setting and seed filling in two sunflower cultivars
(Flame and Euroflore). Ten well filled seeds were sown in each plastic pot of 0. 75 *0.50 *
0.45 m size filled with soil. Finally four plants were maintained in each pot. The crop was
managed according to the recommended conventional agronomical practices. The soil used
was silt .Soil texture: sand (17)% clay (19.5)% and silt (63.5)% , organic matter (1.1) % were
carried out in Dept. of Laboratories, Ministry of Water Resources. The electrical conductivity
(Ec) (3.95) ms, pH (6.2), the other contents of the soil were as follows: N (25) %, P (1.2) %
, K(72) % , Mg (0.8) ppm or Fe (0.02) ppm were conducted in the Central Laboratory ,Dept.
of Biology, College of Science , Baghdad University.

Treatments and Design

The experiment was laid out in a completely randomized block design in a factorial
arrangement with tow cultivars (Flame and Euroflore) and four plant growth regulators
treatments ( (Control (water spray) , GA3 ,Kinetin and ( GA3 +Kinetin) ) with four
replications .  GAS3, Kinetin or ( GA3 +Kinetin ) were applied on the inner surface of the
head on the day of its opening, at pre anthesis stage 45 day after sowing .Ten ml of 200 ppm
of each treatment was used with the help of cotton on each head . Control plants were
treated in the similar way with 10 ml of distilled water.

Measurements

On maturity, each harvested head was divided into four equal parts across the
center. Each of these four part was further divided into 1/3 equal portions i.e. peripheral,
middle and central. Data were recorded on seed weight, number of total seeds and filled
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seeds for each portion, then percent increase in number of seed, percent increase in  number
of filled seed s percentage of filled seed and mean weight of seed were calculated.

Statistical analysis

To determine the differences between treatments, the experimental results of each
variable were processed by analysis of variance and differences between treatment means
were evaluated with LSD test.

Results and Discussion

Spatially varying percentages of empty achenes and achene masses indicate an
uneven seed set and filling in the sunflower capitulum, respectively. Empty achenes are
found in all parts of the capitulum ( figure 1) although they occur much more rarely in the
periphery than in the centre. Poor vascularization has been proposed to explain the poor
seed set in the central part of the capitulum (Connor and Hall , 1997). An increased source
size per seed was always accompanied by a reduced percentage of empty achenes and
increased dry matter per achene, whereas a lowered source-sink ratio caused the opposite
result (Alkio et al., 2003). Data revealed different sensitivities of seed set and seed filling ,
percentages of empty achenes were considerably affected in the capitulum centre, but not in
the periphery (figure 1) .
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Figure 1. Effect of GA ,Kinetin and both (GA+ Kinetin) on total and filled number of seeds in
central, middle and peripheral portions of head in tow cultivars of sunflower plant in tow
seasons and as a mean of seasons.

Data on number of seeds per square centimeter gave increase in total number of
seeds in GA3 , kinetin and ( GA3 + kinetin) treated heads in both the cultivars as compared
to their respective control for tow cultivars at both seasons and as mean of seasons ( figure
1,table 1) . GA3 treated heads gave a slight increase in the number of filled seeds |,
whereas heads treated with kinetin or (GA3 + kinetin) gave high increase in the number of
filled seeds as compared to control for tow cultivars at both seasons and as mean of
seasons ( figure 1, table 1) . It was generally recognized that the role for GA, IAA, and ABA
lies mainly in the seed filling, whereas CKs are most important in the early stages of seed
set (Hess et al.,2002).
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Data presented in table 1. showed that the cultivar Flame produced large number of
seeds by GA , kinetin or (GA + kinetin) application in different portions as compared to
the cultivar Euroflore in both seasons and as mean of seasons .Both cultivars produced
large number of seeds in the central portion and minimum in the peripheral portion .

Table 1. Percent increase in total number of seed by plant growth regulators application over
control in different portions of sunflower capitulum .

Cultivars  Treatment Center Middle  Periphery  Mean of Mean of

treatment cultivars

First season
Euroflore  GA 20.00 28.58 14.29 20.96 30.23
Kinetin 33.33 42.56 28.56 34.82
GA+ Kinetin 33.33 42.86 28.56 34.92
Flame GA 25.00 33.33 16.67 25.00 47.28
Kinetin 50.00 66.67 33.33 50.00
GA+ Kinetin 58.33 83.88 58.33 66.85

Mean 36.67 49.65 29.96
LSD 0.05 [ 5.66 ] [ 8.44] [ 4.44]
Second season
Euroflore  GA 27.27 16.67 00.00 14.65 31.82
Kinetin 54.55 33.33 16.67 34.85

GA+ Kinetin 5455  50.00 33.33 45.96
Flame GA 30.00  00.00 00.00 10.00 33.33
Kinetin 50.00  40.00 20.00 36.67
GA+Kinetin ~ 60.00  60.00 40.00 53.33
Mean 46.06  33.33 18.33
LSD 0.05 [ 7.65 ] [5.46 ] [ N.S]
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Mean of seasons

Euroflore  GA 23.64 22.63 7.15 17.81 31.03
Kinetin 43.94 37.95 22.62 34.84
GA+ Kinetin 43.94 46.43 30.95 40.44
Flame GA 27.50 16.67 8.34 17.50 38.92
Kinetin 50.00 53.34 26.67 43.34
GA+ Kinetin 59.17 71.94 36.67 55.93
Mean 41.37 41.49 22.07
LSD 0.05 [ 3.16 ] [4.37] [3.97]

A similar trend was observed in case of filled seeds . Maximum increase in filled seeds

were obtained in the middle and central region , while they were minimum increase in the
peripheral region in both seasons (table 2) . Cultivar Flame was superior over cultivar
Euroflore in number of filled seeds in both seasons and as mean of seasons (table 2) .
Kinetin and (GA + Kinetin) gave the highest increase in filling seed for tow cultivars at
both seasons and as mean of seasons  (table 2). During seed filling, maximum import of
photoassimilate appeared in intermediate whorls, while central whorls always exhibited

the lowest import leading to poor seed filling (Alkio et al., 2002; Alkio et al., 2003). CKs

concentrations increase after fertilization in many species when rapid cell division is
occurring (Lur and Setter, 1993). Evidence from soybean, maize, rice, barley, and wheat
implicates CKs as promoters in establishing sink potential at early stages of reproductive
development (Lur and Setter, 1993; Dietrich et al., 1995) .
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Table 2. Percent increase in number of filled seed by plant growth regulators application over

control in different portions of sunflower capitulum .

Cultivars  Treatment Center Middle  Periphery  Mean of Mean of
treatment cultivars
First season
Euroflore  GA 20.00 00.00 00.00 6.67 41.11
Kinetin 80.00 50.00 20.00 50.00
GA+ Kinetin ~ 100.00 50.00 50.00 66.67
Flame GA 25.00 66.67 25.00 38.89 76.85
Kinetin 75.00 133.33 50.00 86.11
GA+ Kinetin 100.00  166.67 50.00 105.56
Mean 66.67 77.78 32.50
LSD 0.05 A 0.5 ] [19.55] [ 6.77]
Second season
Euroflore  GA 20.00 00.00 00.00 6.67 42.22
Kinetin 80.00 50.00 25.00 51.67
GA+ Kinetin 80.00 75.00 50.00 68.33
Flame GA 25.00 33.33 3333 30.55 79.63
Kinetin 100.00  100.00 66.67 88.89
GA+ Kinetin 125.00 133.33 100.00 119.44
Mean 71.67 65.28 45.83
LSD 0.05 [ 7.54 ] [21.11] [5.98]
Mean of seasons
Euroflore  GA 20.00 00.00 00.00 6.67 41.67
Kinetin 80.00 50.00 22.50 50.83
GA+ Kinetin 90.00 62.50 50.00 67.50
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Flame GA 25.00 50.00 29.17 34.72 78.24
Kinetin 87.50 116.67 58.34 87.50
GA+ Kinetin 112.50 150.00 75.00 112.50
Mean 69.17 71.53 39.17
LSD 0.05 [ 4.54 ] [17.88] [ 5.24]

Studies have shown that exogenous application of CKs-like substrates, e.g. 6-
benzylaminopurine (BA), to individual racemes or to the transpiration stream could prevent
pod abortion in we -watered soybeans (Nagel et al., 2001; Cho et al., 2002). CKs can
increase sink strength by promoting cell division in the young ovaries, and this may redirect
movement of assimilates into treated tissues, increase growth rates of the developing
ovaries and thereby decrease the rates of abortion (Lur and Setter, 1993; Dietrich et al.,
1995) These findings revealed that full potential of sink production in these cultivars
remained unexpressed in the given conditions and plant growth regulators used in this
experiment could exploit hat . It was interesting to note that in cultivar Flame , Kinetin and
(GA + Kinetin ) could increase the number of flower set to as high as tow times to that of
untreated ones. The combined doses of GA3 + IAA and GA3 + kinetin should early
flowering which was accompanied by more number of flowers in comparison to control ,
this clearly indicated the effect of GA3 and kinetin on the initiation of flowering ( Alkio et
al., 2003) .

Data on number of filled seed revealed that the large number of seeds increased due to
GA , Kinetin or (GA + Kinetin ) application could not meet the requirement of their
nutrition and hence percentage of empty seeds increased . In case when GA , Kinetin or
(GA + Kinetin ) activated large number of sinks , number of starved seeds also increased .
Srivastava and Sairam (1982) and Shukla et al. (1987) reported low accumulation of
photosynthates due to low photosynthetic activity in the leaves could responsible for the
poor seed filling in sunflower . leaf senescence during seed filling period has also been
correlated with the shortage of photosynthates to developing seeds in sunflower capitulum
(Shukla et al ,1987) . The combined doses of GA3 + IAA and GA3 + kinetin should early
flowering which was accompanied by more number of flowers in comparison to control,
this clearly indicated the effect of GA3 and Kinetin on the initiation of flowering .
Furthermore, the threshold  required for flowering may have been acquired earlier with
the combination of these three hormones ( Fulailin , 2004) . It has been found, in the
present work that GA , Kinetin , or mixture of both  increased the percentage of filled
seeds  relative to the untreated plants (table 3). Higher increments were obtained by
applying Kinetin or mixture of both GA and Kinetin . Data presented in table 3 , showed
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that the cultivar Flame produced high percentage of filled seeds in different portions
relative to Euroflore cultivar in both seasons and as mean of seasons .

Seed weight did not show any significant differences between treated plants and
control plants in first season and as a mean of seasons ,whereas showed a significant
differences in second season when applied (GA + Kinetin) . Similar trend was observed in
case of tow cultivars in both seasons and as mean of seasons (table 4) . However ,
application of ( GA + Kinetin) gave the highest seed weight . In present experiment local
application of GA , Kinetin or (GA + Kinetin ) seems  to have increased large number of
florets to develop into seeds but their photosynthate requirement could not be met . Data
on filled seeds from control plants revealed that the photosynthate requirement even of the
sinks normally available in sunflower capitulum is inadequate . GA , Kinetin or ( GA +
Kinetin) further increased the number of sinks to share the limited supply of nutrition .
Consequently , large number of seeds remained empty . Beltrano et al.(994) found for
both seasons and hybrids BA 150 mg/l + GA 150 mg/l applied at 40 days after emergence
significantly reduced the percentage of empty achenes, increased achene weight, achene
weight (x 1000) and achene number in the inner portion of the capitulum and in the middle
and outer portion . Other experiments support the view that seed development in sunflower is
sink limited. That means that the potential of the sink to utilize photo-assimilates is less than
the capacity to produce them by the source As empty achenes accumulate less than 10% of
the dry matter the filled ones do, abortion seems to occur soon after fertilization. Therefore,
changes in seed set reflect the sensitivity of embryo development during the cell division
stage to changes in assimilate supply, whereas changes in dry mass per seed are linked with
responses during the cell division or the seed maturation stage, or both (Alkio et al.,2003) .

Table 3. Percent filled seed in different portions of sunflower capitulum as influenced by plant
growth regulators application.

Cultivars  Treatment Center Middle  Periphery  Mean of Mean of

treatment cultivars

First season

Control 33.33 57.14 57.14 49.20 51.05
Euroflore  GA 33.33 44.44 50.00 42.59
Kinetin 45.00 60.00 55.56 53.52
GA+ Kinetin ~ 50.00 60.00 66.67 58.89
Control 33.33 50.00 66.67 50.00 57.58
Flame GA 33.33 62.50 71.43 55.75
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Kinetin 38.89 70.00 75.00 61.30
GA+ Kinetin 42.11 72.73 75.00 63.28
Mean 38.67 59.60 64.68
LSD 0.05 [ 12.68 ] [6.56] [2.66]
Second season
Control 45.45 66.67 66.67 59.60 62.55
Euroflore  GA 42.86 57.14 66.67 55.56
Kinetin 52.94 75.00 71.43 66.46
GA+ Kinetin 52.94 77.78 75.00 68.57
Control 40.00 60.00 60.00 53.33 66.33
Flame GA 38.46 80.00 80.00 66.15
Kinetin 53.33 85.71 83.33 69.36
GA+ Kinetin 56.25 87.50 85.71 76.49
Mean 47.78 (3.78 73.60
LSD 0.05 [ 14.22 ] [11.29] [ 2.98]
Mean of seasons
Control 39.39 61.91 61.91 54.40 56.80
Euroflore  GA 38.10 50.79 58.34 49.08
Kinetin 48.97 67.50 63.50 59.99
GA+ Kinetin 51.47 68.89 70.84 63.73
Control 36.67 55.00 63.33 51.67 62.56
Flame GA 35.90 71.25 75.72 60.96
Kinetin 46.11 77.86 79.17 67.71
GA+ Kinetin ~ 49.18 80.12 80.36 69.89
Mean 43.22 66.67 69.15
LSD 0.05 [ 12.76 ] [9.27] [ 2.44]
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Table 4. Mean seed weight (mg) of sunflower capitulum as influenced by plant growth
regulators application.

Treatments First season Second season Mean of seasons

V1 V2 Mean V1 V2 Mean V1 V2 Mean
Control 51.10 53.01 52.06 54.70 58.11 56.41 52.90 55.56 54.23
GA 52.80 5490 53.85 55.81 59.71 57.76 5431 57.31 55.81
Kinetin 52.00 54.01 53.01 55.31 59.21 57.26 53.66 56.61 55.14
GA + Kinetin 53.50 55.36 54.43 59.18 63.20 61.19 56.34 59.28 57.81
Means 52.35 54.32 56.28 60.06 5430 57.19
LSDO0.05 [ N.S ] [N.S] {184y 71 b &84] [ NS ] [N.S]
|

Conclusions

The present paper clearly shows the need for screening large number of genotypes where
a situation of maximum seed filling could be further , exploited using growth substances .
Both seed set and seed filling in sunflower depend on the source-sink ratio. However, higher
proportions of empty achenes , especially in the capitulum centre, as commonly observed in

sunflower crops, result from source limitation. The

growth rate of a single seed will play an

important role in the determination of the total number of filled fruits produced by the plant .
In our study it was revealed that the role for GAs lies mainly in the seed filling, whereas CKs
are most important in seed set and increase sink strength , thereby decrease the rates of

abortion .

Vol: 8 No: 4, December 2012

74

ISSN: 2222-8373



DIYALA JJOURNAL FOR PURE SCIENCES

k] [
Dy |
- =

WNIVERSI'
(RSCIENCE

Evaluation of the role of Gibberellin and Cytokinin in Regulation
of Seed Setting and Seed Filling in Sunflower plant (Helianthus annuus L.)
Dr. Kamil M.M. AL- Jobori
References
Alkio , M., Diepenbrock, W., and Grimm, E. 2002. Evidence for sectorial
photoassimilate supply in the capitulum of sunflower (Helianthus annuus L.) .
New Phytol.,t 156 : 445-456.
Alkio, M.., Schubert, S., Diepenbrock, W. , and Grimm, E. 2003. Effect of source-sink ratio
On seed set and filling in sunflower (Helianthus annuus L.) . Plant Cell Environ. , 26
: 1609-16109.
Awan, 1.U., Baloch, M.S. , Sadozal, N.S., and Sulemani, M.Z .1999. Stimulatory effect of
GA3 and IAA on ripening process, kernel development and quality of rice . Pak. J.
Biol. Sci., 2: 410-412.
Beltrano, J., Caldiz, D.O., Barreyro, R., Vallduvi Sanchez, G. , and Benzus, R. 1994. Effect of
foliar applied gibberellic acid and benzyladenine upon yield components in sunflower

(Helianthus annuus L.). Plant Growth Regul. , 15: 101 - 106 .
Cantagallo , J.E., Chimenti, C.A. and Hall, A.J. 1997. Number of seeds per unit area in

Sunflower correlates well with a photothermal quotient . Crop Sci., 37 : 1780 —
1786 .

Cantagallo, J.E., and Hall, A.J. 2002. Seed number in sunflower as affected by light stress
during the floret differentiation interval . Field Crops Res. , 74 : 173 - 181 .

Cantagallo, J.E., Medan, J.E. D., and Hall, A.J. 2004. Grain number in sunflower as affected
by shading during floret growth , anthesis and grain setting . Field Crops Res. , 85 :

191 -202.
Chimenti, C.A. ,and Hall , A.J. 2001. Grain number responses to temperature during floret
differentiation in sunflower . Field Crops Res. ,72 : 177 - 184 .

Chinnamuthu, C.R., Sivamurugan, A.P. ,and Balasubramanian, A. 2000. A new chemical

Brassinolide in combination with fertilizer levels to improve the seed setting

Vol: 8 No: 4, December 2012 75 ISSN: 2222-8373



k] [
Dy |
- =

DIYALA JJOURNAL FOR PURE SCIENCES

BASUNIVERSI'
CCIIEGRCESCIECE
NG

Evaluation of the role of Gibberellin and Cytokinin in Regulation
of Seed Setting and Seed Filling in Sunflower plant (Helianthus annuus L.)
Dr. Kamil M.M. AL- Jobori

Percentage in sunflower . Acta. Agron . Hunga . , 48 (2): 171 - 176 ..

Cho, K., Suh, S.K., Park, H.K., and Wood, A. 2002. Impact of 2,4-DP and BAP upon pod set
and seed yield in soybean treated at reproductive stages. Plant Growth Regul. ,

36, 215 221.
Connor, D.J. , and Hall, A.J. 1997. Sunflower physiology. In Sunflower Technology and
production (ed. A.A. Schneiter )PP. 113 — 182 . ASA, CSSA and SSSA. Madison.
WI, USA.

Dietrich, J.T., Kaminek, M., Blevins, D.G., Reinbott, T.M., and Morris, R.O., 1995. Changes
In cytokinins and cytokinin oxidase activity in developing maize kernels and the
effects of exogenous cytokinin on kernel development. Plant Physiol. Bioch. 33:

327-336.
Dosio , G.A.A., Aguirrezabal, L.A.N., Andrade, F.H. , and Pereyra, V.R. 2000 Solar radiation
intercepted during seed filling and oil production in tow sunflower hybrids . Crop
Sci. , 40: 1637-1644.

Egli, D.B., Duncan, W.G., and Grafts-Brandner, S.J. 1987. Effect of physical restraint on
Seed growth in soybean. Crop Sci. , 27 : 289 — 294 .

Egli, D.G. 1998. Seed Biology and the Yield of Grain Crops. Cab Internat, New York, p.
196 .

Fulailin .2004. Physiological regulation of pod set in soybean (Glycine max L. Merr. ) during
drought at early reproductive stages . Ph.D. Dissertation ,The Royal Veterinary and
Agricultural University (KVL) , Copenhagen ,Denmark .

Hess, J.R., Carman, J.G., and Banowetz, G.M. 2002. Hormones in wheat kernels during

embryony . J . Plant Physiol. , 159 : 379 — 386 .
Vol: 8 No: 4, December 2012 76 ISSN: 2222-8373




DIYALA JJOURNAL FOR PURE SCIENCES

Il [
(7 [
= =]

Evaluation of the role of Gibberellin and Cytokinin in Regulation

of Seed Setting and Seed Filling in Sunflower plant (Helianthus annuus L.)

Dr. Kamil M.M. AL- Jobori

Lindstro"m, L.I., Friedrich, P., Herna'ndez, L.F., and Pellegrini, C.N. 2002. Embryo cell
Dynamics during early development of the sunflower fruit . In First Latin American .
Plant Physiol. Congress Procs. Punta del Este, Uruguay, (CD-ROM public, Ref. G39), p.
276 .
Lur, H.S., and Setter, T.L. 1993. Endosperm development of maize defective kernel (dek)
Mutants .Auxin and cytokinin levels . Ann. Bot. , 72:1-6.
Nagel, L., Brewster, R., Riedell, W.E., and Reese, R.N. 2001. Cytokinin regulation of

flower and pod set in soybean (Glycine max (L.) Merr.). Ann. Bot. , 88: 27-31.
Nur, 1.1978. Sunflower and the problem of unfilled seeds under Sudan conditions. Acta
Agronomica Academiae Scientiarum Hungarica , 27 : 339 — 340 .
Palmer , J.H, and Steer, B.T. 1985. The generative area as the site of floret initiation in
sunflower capitulum and its integration to predict floret number . Field Crops Res., 11:1—

12.

Rawson , H.M., Dunstone, R.L., Long M.J. ,and Begg, J.E. 1984 Canopy development, light

interception and seed production in sunflower as influenced by temperature and
radiation .

Australian J. Plant Physiol. , 11: 255-265
Richards, R.A. 2000. Selectable traits to increase crop photosynthesis and yield of grain
crops . J. Exper. Bot. , 51 : 447 — 458 .
Saranga, Y., Horcicka, P. , and Wolf, S. 1996. Effect of source-sink relationship on yield
components and yield of confection sunflower . Helia, 19 : 29 - 38 .

Schneiter, A., Jones, J.M. , and Hammond, J.J. 1987. Simulated hail research in sunflower:
defoliation . Agron. J.,79 : 431 -434 .
Shukla , D. S. , Deshmuka , P.S., and Wasnik , K. G.1987. Effect of Gibberellic acid on seed

Vol: 8 No: 4, December 2012 77 ISSN: 2222-8373



DYl 1)
[NIVERST
(PR

DIYALA JJOURNAL FOR PURE SCIENCES

Evaluation of the role of Gibberellin and Cytokinin in Regulation

of Seed Setting and Seed Filling in Sunflower plant (Helianthus annuus L.)

Dr. Kamil M.M. AL- Jobori
Srivastava , G.C. , and Sairam , R. K. 1982. Physiological studies on seed setting in sunflower
1. Photosynthesis and nitrogen assimilation . Indian J. Plant Physiol. , 26: 370 -377
Steer, B.T., Hocking, P.J. ,and Low, A. 1988. Dry matter, minerals and carbohydrates in the

capitulum of sunflower (Helianthus annuus L.) : effects of competition between

seeds
and defoliation. Field Crops Res. , 18: 71-85.

Vasudevan, S.N., Virupakshappa , K., Bhaskar , S., and Udayakumar , M. (1996) Influence
of growth regulators on some productive parameters and oil content in sunflower

(Helianthus annuus L.). Indian J. Plant Physiol. , 1: 277-280.
Yang, J., Zhang, J., Huang , Z., Wang , Z., Zhu, Q. , and Liu, L. 2002b. Correlation of
Cytokinin levels in the endosperms and roots with cell number and cell division

activity during endosperm development in rice. Ann. Bot. , 90: 369-377.
Yang, J., Zhang, J. , Wang , Z., and Zhu, Q. 2003b. Hormones in the grains in relation to

sink Strength and postanthesis development of spikelets in rice . Plant Growth Regul. ,

41: 185-195.
Yegappan, T.M., Paton, D.M., Gates ,C.T. ,and Mdller , W.J. 1982.Water stress in

sunflower
(Helianthus annuus L.) 3. Responses of cypsela size . Ann. Bot. , 49:69 —75.

ISSN: 2222-8373

Vol: 8 No: 4, December 2012 78



DIYALA JJOURNAL FOR PURE SCIENCES

DYl 1)
[NIVERST
(PR

Evaluation of the role of Gibberellin and Cytokinin in Regulation
of Seed Setting and Seed Filling in Sunflower plant (Helianthus annuus L.)

Dr. Kamil M.M. AL- Jobori

BRJ il g & el g e aAT (8 (il giliua) g (il il gall) Ladiia ) g0 4

(Helianthus annuus L.) gAY
Ay dxalay — o glal) 4318 / (g gaad) el pdikaa JalS Lo
oadlall

Uasal & (i sed @i (achene ) su<l o) ss (Kernel) Za Jsdll saey (el 3 8 5 il Juala saay
Osh oDl ake 8 (S + (s Legmay aas GBS gl pual) 5808 Al Gullie (pens se A
RCBD ALelsll 40) g lall cleUasl) arana’ 8 A lalall A jaill cdds | (DM 5185 ) 00) (uadill 558 ) (0 (piia
O o3 200 Sl 5 o slall e o ya 200 Gl eadl 1 AV S5l el ciladaie el |l S A
x5 45) il dda e e il sl po (A (sl e 6 3 (200 G SY + 200 G -l 5 O sl
Aalaiall ¢ A gt o el A5 ) Ay W) Al e aad JS 6 e il 38 |5 s i slasia sl
osallare 5 5ol s Jedi a3, Central 4o X a5 Middle sl 5 Peripheral (s lall) idawsall
sl aae Aaaby sl A ASH ) oa aae 8 Bab ) A s o360 (e g 6 e JSU Be slaall ) 52l nae o S
S50 ()5 Jara s Be slaall ) gl A 3¢ sladll

O A el 5e slaall o2l 5 A0 )03 e 2o o) cidae) gaill calaie ddlial of lall < el
L)\AAU:\M}A\M@}M\MBJM\UJJJMM@MMMMM\ ;«‘)’;‘}“&BcM\JJ;\]\
- Oslell e 6 3a (200 S + 200 0l ) S S AV ALl )5 L A0 el A delas il aa
e 3aY) 85 slaall sl Auuigse glaall Hshlg JSH 553 aae b sl g Catall o oDl Ciiall (35
gk a5 Gpans sl SIS 35 )01 () 5 dass e 5 AU

JJS,\S\GJA‘JJS,\S‘JQScMN\cQ&SJ@MM\EJ&j:L}A@‘Q@Q‘

Vol: 8 No: 4, December 2012 79 ISSN: 2222-8373



