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 ABSTRACT 
Two field experiments were conducted at AL-Rashidia Location, west 

north Mosul city , Nineveh province, during two successive growing of 2008 : 
spring and autumn, in a sandy Loam soil to study the response growth , yield 
and quality of four sunflower genotypes to boron levels and timing of foliar 
application. Each experiment comprised four sunflower genotypes (Euroflor , 
Record , Coban and ALbena) , three levels of boron foliar application (0،3 and 
6 mg. l-1) , and three timing of boron sprayed on the plant leaves one dose 
during (6 leaves stage , budding stage and 50 % flowering stage) . They were 
conducted according to randomized completely block design with split – split 
plot with three replications. Results showed that the genotype Euroflor gave a 
high mean values of leaf area , head diameter , number of seeds / head ,  1000 
seed weight , seed yield and oil yield , while Albena genotype gave a high 
value of seed oil percentage for both seasons spring and autumn respectively. 
Boron sprayed on the plant leaves with concentration 3 mg. l-1 led significant 
increase in leaf area , head diameter , number of seeds/ head , 1000 seed weight 
, seed yield and oil yield , while increasing concentration of boron to 6 mg. l-1 
increased seed protein percentage and protein yield. Delaying timing of boron 
foliar application to budding stage achieved highest values for most characters. 
Interaction genotypes x boron levels gave significant increase in leaf area , 
head diameter , number of seeds / head , 1000 seed weight and seed yield. 
Similar result were obtained from the interaction between boron levels x timing 
of boron application , further more, the same trend was recorded for seed oil 
percentage parameter. Moreover, genotypes x time of boron application, 
genotypes x boron levels x time of boron application had a significant affect on 
some characters under study. 
 

INTRODUCTION 
The importance of boron deficiency for sunflower has been reported by 

Blamey (1976), and Chatterjee and Nautiyal (2000). Boron fertilization of 
sunflower on soil with a ph 4.9 resulted increased yield and seed oil content for 
two genotypes (Brown and Hu, 1997). Concomitant with the increased oil 
content, protein content for one cultivar was significantly decreased by boron 
fertilization. The decrease in protein content was not as great as the increase in 
oil brought about by boron fertilization, presumably indicating a change in the 
kernel to hull ratio. Even in conditions where seed yield was not affected by 
boron fertilization , higher levels of boron reduced seed oil content 
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(Beauguillaume and Cadeac, 1992) (Bredenhann, 1999). High boron supply 
after anthesis resulted in lower seed oil and higher protein contents (Meszaros 
and Simits, 1992), also found a decrease in seed oil content with increasing 
levels of boron application. Baldini and vannozzi (1996) have found that an 
increased supply of boron improves hull ability. The aim of the present 
research was to through some light on the factors which govern the effect of 
different levels and timing of boron foliar application on growth , yield and 
quality of sunflower genotypes. 
 

METERALS AND METHODS 
Two field experiments were conducted at AL-Rashidia location 20 km 

in the west north Mosul city , Nineveh province , during two successive 
growing seasons of 2008: spring and autumn, in a sandy loam soil to study the 
effect of different levels and timing of boron foliar application on growth , 
yield and quality of sunflower genotypes. Each experiment comprised four 
sunflower genotypes (Euroflor, Record , Coban and ALbena), with three levels 
of boron foliar application(0,3 and 6 mg. l-1), and three timing of boron 
application (6 leaves stage , budding stage and 50 % flowering stage). The 
experimental design was split-split plot in a randomized completely block 
design with arrangement keeping with genotypes as main plots , the sub plots 
were assigned to boron foliar application, while timing of boron application as 
sub-sub plots with three replications according to Steel and Torrie (1980). The 
Duncans multiple range test (Duncan, 1955) was used to compare among 
means (Anonymous,2001). A representative soil sample (0 to 30 cm depth) was 
taken before planting (Table 1) using the methods description by 
Black (1985), Page et al.(1982)  and Tendon  (1999) . Boron determined by Jac
kson

Table (1): Some physical and chemical characteristics of the experimental site. 
Autumn season Spring season Soil analysis 

     I-physical analysis: 
12.0 17.0 Clay (%) 
33.0 22.0 Silt (%) 
55.0 61.0 Sand (%) 

Sandy loam Sandy loam Texture 
   II-chemical analysis: 

11.7 13.8 Organic matter (gm/kg) 
45.2 38.6 Available N (ppm) 
14.8 16.4 Available P (ppm) 
176.0 182.0 Available K (ppm) 
2.4 2.3 Available B (ppm) 

258.0 252.0 CaCo3 (gm/kg) 
7.2 6.3 PH 
2.2 2.0 EC (ds/cm) 

 
method (1973). Sowing dates were 3 rd April, June and harvested at 12th , 
August, 1st October for Spring and Autumn growing seasons respectively. 
Calcium superphosphate 150 kg/ha (48% P2O5) added during soil preparation. 
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Potassium sulphate 60 kg/ha (48 % K2O) were applied in two equal doses to 
the soil, first half was added during the sowing period, while second half was 
added after 45 days after sowing. nitrogen were applied to the soil surface in 
two equal doses, half with sowing and the remaining half at immediately after 
one month after sowing at a rate of 100 kg/ha as urea (46 % N). Boron were 
sprayed (0,3 and 6 mg. l-1)on the leaves, ever dose applied during 6 leaves 
stage, budding stage and 50% flowering stage as boric acid (H3BO3 17% B). 
Each plot 22.5 m2 included sex ridges with 75 cm apart to attain a plant density 
of 44.444 plant/ha. The first irrigation was applied immediately after sowing 
and after wards irrigation was scheduled at about four days intervals. 
Agricultural practices were applied as recommend for the region. The study 
was include: 
A- Growth characters: leaf area (cm2/plant) and head diameter (cm). was 
measured by taken ten plant from each treatment. 
B- Yield, yield components and quality: number of seed/head, 1000 seed 
weight (gm) , seed yield (ton/ha), seed oil (%) oil yield (ton/ha), seed protein 
(%) and protein yield (ton/ha). Oil seed content was determined using Soxhlet 
method (Anonymous, 1984). Nitrogen estimated by using Microkieldahl 
method (protein % = N % x6.25) (Agrawal et al, 1980). 

 
RESULTS AND DISCUSSION 

A- Growth characters , yield and yield components: mean values of leaf 
area, head diameter, number of seeds/head, 1000 seed weight and seed yield as 
effected by genotypes , boron levels and time of boron application for both 
seasons are presented in Table (2). Statistical analysis showed significant 
differences between each of four sunflower genotypes , boron levels and timing 
of boron foliar application in all the five traits studied. 
1- Effect of genotypes: Euroflor genotype gave a high mean values for 
characters: leaf area, head diameter, number of seeds/head, 1000 seed weight 
and seed yield as compared to the Record, Coban and Albena genotypes in both 
season spring and autumn. Moreover, the differences among the four genotypes 
in the leaf area may be attributed to the general varietals differences in the 
number of leaves/plant. The superiority of Euroflor genotype in the seed yield 
production may be attributed to having ahighest area of leaves resulted in on 
increase photosynthsis activity and this in turn increased the capacity of dry 
matter accumulation in the different plant parts. In this report, Kene et al. 
(1992), Herdem (1999), and Nel (2001) reported that Vidoc genotypes had 
highest seed yield and dry weight per plant than the Miak and Euroflor 
genotypes. 
2- Effect of boron fertilization: application of 3 mg l-1 of boron fertilizer 
significantly led to an increase in the following parameters: leaf area, head 
diameter, number of seeds/head, 1000 seed weight and seed yield by 3.39 , 4.88 
, 9.39 ,16.15 and 8.65 % for spring season , and 2.38 , 5.21 , 8.67 , 16.67 , and 
8.46 % for autumn season respectively as compared with check treatment (0 
mg.B l-1). The stimulatory effect of boron on sunflower plant may be due to its 
role in enhancing metabolic process and improving development of pollen tube. 
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These results are in harmony with those obtained by Harries and Jhon (1996), 
Sharma et al. (1999), and Connor et al. (2000). Increasing boron levels from 3 
to 6 mg. l-1 caused decrease in the previous traits for both seasons. The lack of 
consistency in the reaction of the seed yield and all related characters to boron 
fertilization may be due to the difference in soil fertility between the two 
seasons (Table 1), and the fact that soil moisture status , temperature and even 
light intensity affect the uptake of boron (Moraghan and Mascagni, 1991). 
(Table 1) also indicated that the available boron in the soil is in the average of 
medium level which its ranged from 2.3-2.4 ppm , and this result are in a 
greement with the classification of Maas (1990). Although sunflower required a 
high quantity of boron, this reflected the response of the crop to this element 
when increasing the concentration from 0 to 3 mg l-1 . the result from the same 
table revealed that there was a slight increase in the salinity which caused a 
shortage of boron availability and this deficit show the need to the 
compensation applied of the boron. Generally, the maximum seed yield (ton ha-

1) were obtained with adding boron fertilizer at the level 3 mg.l-1. The increases 
in seed yield due to increasing number of seeds / head and 1000 seed weight. 
Similar results were obtained by Mohammed Ateeque et al (2001), Asad et al 
(2002) and El-Sadek et al (2004). 
3- Effect timing of boron foliar application: spraying boron fertilizer on the 
leaves at budding stage significantly increased leaf area, head diameter, number 
of seeds/head, 1000 seed weight and seed yield by 12.80 , 13.27 10.20 , 15.22 , 
and 21.71 % for spring season , and 15.52 , 9.71 , 9.93 , 12.94 and 21.43 % for 
autumn season respectively as compared with applying boron fertilizer at 50 % 
flowering stage. The increase in 1000 seed weight at budding stage may be due 
to increase in dry matter accumulated in seeds. While delaying timing of boron 
foliar application reduced yield component characters i.e. head diameter , 
number of seeds/head and 1000 seed weight at 50 % flowering stage. Similar 
results were found by Meszaros and Simits (1992) and Baldini and Vannozzi 
(1996). 
4- Interaction effect: the interaction genotypes x boron levels, boron levels x 
timing application of boron showed significant effect on leaf area, head 
diameter, number of seed/head , 1000 seed weight and seed yield for both 
seasons as illustrated in Table (2). While the interaction genotypes x timing 
application of boron showed a significant effect on leaf area for autumn season, 
number of seeds/head and seed yield for spring and autumn seasons, with this 
regard, Connor et al (2000), Asad et al (2002) and El-Sadek et al (2004) found 
that delaying timing of boron foliar application to budding stage increased 
number of seeds/head , 1000 seed weight and seed yield. The interaction 
between the three studied factors genotypes x boron levels x timing of boron 
foliar application showed significant effects on head diameter for both growing 
seasons, number of seeds/head , 1000 seed weight and seed yield in only spring 
season. 
B- Yield and quality: mean values of seed oil, oil yield , seed protein and 
protein yield as effected by genotypes, boron levels and time of boron 
application for both season are presented in Table (3). Analysis of variance 
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showed significant differences between each of the four genotypes boron levels 
and timing of boron foliar application in all the four traits studied. 
1- Effect of genotypes: the data revealed that Albena genotype surpassed 
Euroflor , record and Coban genotypes in seed oil percentage in both seasons 
spring and autumn. However, these differences may be attributed to genetic 
factors and their interaction with the prevailing environmental conditions. 
Euroflor genotype surpassed significantly Record , Coban and Albena 
genotypes in oil yield, seed protein and protein yield in both seasons. The 
increase in oil and protein yield of Euroflor genotype may be due to their high 
seed yield per hectare (table 2) rather than differences in seed oil and protein 
content. The superiority of Euroflor  
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Table (2): Mean values of leaf area, head diameter, number of seeds / head, 1000 seed weight and seed yield as affected by 

boron fertilizer levels and timing application for the sunflower genotypes in spring and autumn season. 
Seed yield (ton/ha) 1000 seed weight (gm) No of seeds/head Head diameter (cm) Leaf area (cm2/plant) 

Main effect and interactions 
Autumn season Spring season Autumn season Spring season Autumn season Spring season Autumn season Spring season Autumn season Spring season 

          Genotypes (G) 

3.22 a 3.28 a 78.1 a 76.6 a 1171.9 a 1148.3 a 22.6 a 22.0 a 4496.2 a 4393.7 a G1:Euroflor 

2.60 c 2.68 c 74.9 b 72.2 b 1015.5 c 995.4 c 21.4 b 21.0 b 3557.1 b 3382.0 b G2:Record 

2.26 d 2.35 d 70.6 c 69.5 c 1078.7 b 1051.9 b 21.5 b 21.0 b 3116.2 c 3031.0 c G3:Coban 

2.83 b 2.88 b 63.4 d 62.1 d 980.5 d 966.6 d 21.0 b 20.1 c 2980.3 d 2993.0 d G4:Albena 

          Boron levels (B) 

2.60 c 2.66 c 66.0 c 65.0 c 1015.1 c 991.2 c 21.1 b 20.5 c 3496.9 c 3385.1 c B1: 0 mg.l-1 

2.82 a 2.89 a 77.0 a 75.5 a 1103.1 a 1084.3 a 22.2 a 21.5 a 3580.3 a 3500.0 a B2: 3 mg.l-1 

2.77 b 2.84 b 72.2 b 69.8 b 1066.8 b 1046.2 b 21.6 b 21.1 b 3535.0 b 3464.8 b B3: 6 mg.l-1 

          Timing application of boron (T) 

2.61 b 2.67 b 70.4 b 68.9 b 1063.8 b 1046.5 b 21.7 b 21.3 b 3453.0 b 3390.1 b T1: 6 leaves stage 

3.06 a 3.14 a 76.8 a 75.7 a 1110.7 a 1087.9 a 22.6 a 22.2 a 3837.5 a 3689.2 a T2: budding stage 

2.52 c 2.58 c 68.0 c 65.7 c 1010.4 c 987.2 c 20.6 c 19.6 c 3321.9 c 2370.6 c T3:50%flowering stage 

          Interactions: 

* * * * * * * * * * G x B 

* * n.s. n.s. * * n.s. n.s. * n.s. G X T 

* * * * * * * * * * B X T 

n.s. * * * * * * * n.s. n.s. G X B XT 

* The  means values within column followed by the different letters are significant at 5% level. 
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Table (3): Mean values of seed oil, Oil yield, seed protein and protein yield as affected by boron fertilizer levels and timing 

application for the sunflower genotypes in spring and autumn season. 
Protein yield (ton/ha) Seed protein (%) Oil yield (ton/ha) Seed oil (%) 

Main effect and interactions 
Autumn season Spring season Autumn season Spring season Autumn season Spring season Autumn season Spring season 

        Genotypes (G) 

0.55 a 0.54 a 17.0 a 16.5 a 1.37 a 1.41 a 42.6 d 43.1 d G1:Euroflor 

0.41 b 0.41 b 15.6 b 15.3 b 1.13 c 1.18 c 43.6 c 44.1 c G2:Record 

0.33 d 0.33 d 14.4 c 14.2 c 1.01 d 1.07 d 44.8 b 45.3 b G3:Coban 

0.39 c 0.39 c 13.7 d 13.6 d 1.27 b 1.32 b 45.0 a 45.7 a G4:Albena 

        Boron levels (B) 

0.38 c 0.38 c 14.4 c 14.2 c 1.17 c 1.21 c 45.0 a 45.5 a B1: 0 mg.l-1 

0.43 b 0.43 b 15.3 b 15.0 b 1.24 a 1.29 a 43.9 b 44.5 b B2: 3 mg.l-1 

0.44 a 0.44 a 15.8 a 15.5 a 1.20 b 1.24 b 43.2 c 43.6 c B3: 6 mg.l-1 

        Timing application of boron (T): 

0.40 b 0.40 b 15.3 b 15.0 b 1.13 b 1.17 b 43.4 b 43.9 b T1: 6 leaves stage 

0.44 a 0.44 a 14.4 c 14.1 c 1.40 a 1.46 a 45.7 a 46.4 a T2: budding stage 

0.40 b 0.40 b 15.9 a 15.5 a 1.08 c 1.12 c 43.0 c 43.4 c T3: 50%flowering stage 

        Interactions: 

n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. G x B 

n.s. n.s. n.s. n.s. n.s. n.s. n.s. * G X T 

n.s. n.s. n.s. n.s. n.s. n.s. * * B X T 

n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. G X B X T 

* The  means values within column followed by the different letters are significant at 5% level. 
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genotype in the most seed characters may be due to had a better vegetative 
growth and hence photosynthetic process which led to more carbohydrates was 
translocated from the source (leaves) to the sink (seeds) (Mengel and Kirkby, 
1982). Similar conclusion were reported by Villalobos et al. (1994), Ortegon 
and Diaz (1997) and Ozer (2003). 
2- Effect of boron fertilization: seed oil percentage significantly decreased 
with the increasing boron levels from 0 to 6 mg l-1. However , the decrease in 
seed oil contents may be due to the  increase in seed protein contents at the 
expense of oil concentration at the same treatment. These results are in 
agreement with those obtained by Rani and Reddy (1993) , Bredenhann (1999). 
The highest significant values of oil yield obtained with adding boron at the 
concentration 3 mg l-1. The increment was 6.61 and 5.98 % as compared with 
control (0 mg boron l-1) for both seasons spring and autumns respectively. The 
maximum values of seed protein percentage and protein yield ha-1 were 
obtained with boron fertilizer level 6 mg l-1 and the lowest with control for both 
seasons. 
3- Effect timing of boron foliar application: the application of boron at 
budding stage led to an increase in seed oil percentage and oil yield by 6.91 and 
30.36 % for spring season, and 6.28 and 29.63 % for autumn season 
respectively compared with boron applied at 50 % flowering stage. These 
results could be explained according to favorable time of boron foliar 
application and its effect by increasing leaf area and enhancing photosynthesis 
activity which, in turn, resulted in an increase in seed and oil yield. These 
results are in harmony with those obtained by Connor et al. (2000), Mohammed 
Ateeque et al. (2001), Asad et al. (2002) and El-Sadek et al. (2004). Applying 
boron at budding stage caused a significant decrease in seed protein percentage 
by 9.03 and 9.43 % as compared with boron applied at 50 % flowering stage 
for both seasons. On the contrary highest values of protein yield was obtained 
at budding stage. This is due to the increase in seed yield. 
4- Interaction effect: the Interaction effect genotypes x boron levels, and 
genotypes x boron levels x timing of boron application for all investigated traits 
were non significant for both season. This showed that each factor acted 
independently on these traits. While interactions genotypes x timing of boron 
application showed significant effect on seed oil percentage for spring season 
only. On the other hand, Interaction boron level x timing of boron application 
had a significant effect on seed oil percentage for both seasons. 
 

 تأثیر استخدام رش البورون بمستویات ومواعید مختلفة في نمو وحاصل ونوعیة تراكیب وراثیة من 
(Helianthus annuus L.) زھرة الشمس    

  ایاد طلعت شاكر                                                      سعد احمد محمد           
  قسم العلوم                                          قسم المحاصیل الحقلیة                     
  كلیة الزراعة والغابات                                                كلیة التربیة الاساسیة        

  العراق/ جامعة الموصل 
  

  الخلاصة
ffة نینffي محافظffل فffة الموصffرب مدینffمال غffیدیة شffع الرشffي موقffین فffربتین حقلیتffذت تجffوى نف

فfي تربfة مزیجیfة رملیfة لدراسfة تfأثیر رش  ٢٠٠٨خلال الموسمین المتعاقبین ربیعي وخریفي من عام 
. البffورون بمسffتویات ومواعیffد مختلفffة فffي نمffو وحاصffل ونوعیffة تراكیffب وراثیffة مffن زھffرة الشffمس

لfرش  وثلاثة مسfتویات) كوبان والبینة وریكورد  وایروفلور (تضمنت كل تجربة اربعة تراكیب وراثیة 
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فfي (وثلاثة مواعید لرش الورون على اوراق النبات دفعfة واحfدة ) ١-ملغم لتر ٦ و ٣ وصفر (البورون 
مffن % ٥٠اوراق علffى النبfات ، فfي طffور تكfوین البffرعم الزھfري وفfي طffور تكfوین  ٦طfور التكfوین 

فfق نظfام اسfتخدم فfي التجfربتین تصfمیم القطاعfات العشfوائیة الكاملfة وو )الازھار في القfرص الزھfري
المنشقة وبثلاثة مكررات ، حیfث شfملت الالfواح الرئیسfیة التراكیfب الوراثیfة وتراكیfز  –القطع المنشقة 

أشffارت النتffائج الffى تفffوق .الالffواح تحffت الثانویffة –الالffواح الثانویffة وموعffد رش البffورون  –البffورون 
القfرص الزھfري وعfدد البfذور  المساحة الورقیة وقطر: التراكیب الوراثیة ایروفلور معنویا في الصفات

بذرة وحاصل البذور وحاصfل الزیfت ، فfي حfین اعطfى التركیfب الfوراثي البنیfة  ١٠٠٠قرص ووزن /
أدى الffرش بffالبورون . أعلffى نسffبة مffن الزیffت وذلffك خffلال الموسffم الربیعffي والخریفffي علffى التffوالي

/ قfرص الزھfري وعfدد البfذور الfى زیfادة معنویfة فfي المسfاحة الورقیfة وقطfر ال ١-ملغم لتر ٣وبتركیز 
 ١-ملغم لتfر  ٦بذرة وحاصل البذور والزیت ، بینما أدى زیادة تركیز البورون الى  ١٠٠٠قرص ووزن 

اعطfى رش الاوراق بfالبورون فfي طfور تكfوین الfرعم الزھfري . الى زیادة في نسبة وحاصل البروتین
مستویات البورون زیfادة معنویfة  xلوراثیة التراكیب ا: أظھر التداخل الثنائي. أعلى القیم لمعظم الصفات

. بfذرة وحاصfل البfذور ١٠٠٠قfرص ووزن /في المساحة الورقیة وقطر القرص الزھري وعfدد البfذور
مواعیfد رش  xكما تم الحصول على نفfس النتیجfة عنfد دراسfة التfداخل الثنfائي بfین مسfتویات البfورون 

: عfلاوة علfى ذلfك فfأن التfداخلات. الزیت في البذورالبورون اضافة الى الزیادة المعنویة في صفة نسبة 
مواعیffد رش  xمسffتویات البffورون  xمواعیffد رش البffورون و التراكیffب الوراثیffة  xالتراكیffب الوراثیffة 

  .البورون قد أثرت معنویاً في بعض الصفات المدروسة
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