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ABSTRACT: Anther culture was used for studying the effect of chilling 
treatment (4oC for 24 hrs) of flower buds after sterilization on the callus 
differentiation in five hybrids of Broccoli Brassica oleraceae L.var.italica i.e., 
Sunrise and Dome from Holland, Landmark and Pinnacle  from U.S.A., and 
Comanche from Japan. 
Flower buds were collected at the onset of flowering before elongation of the 
infloresence axis from plants grown in the end of Dec. 2006 to end Jan. 2007 
in the open field at Dokki location and exposed to low temperature (4o C)for 
24 hrs after sterilization , in addition to the control treatment at room 
temperature (25 o C). 
Miller medium (1963) supplemented with  (2ppm ) of each of 2,4-D and IAA , 
and (1ppm) kinetin with (1ppm ) yeast extract was used for anther culture . 
Moreover, 2,4-D was excluded and lAA beside kinetin concentration were 
decreased to (0.5ppm) in the medium used for differentiation . 
The obtained results showed a rise in anther response produced callus, 
anther response produced root and callus response developed root 
characters reached 45.5, 10.8 and 22.4% for low temperature  respectively, 
while they were 31.7 , 5.6 and 15.3 %  under  room temperature conditions. 
The variability in the response of anther culture for the studied characters 
differed significantly according to genotypic differences. Sunrise hybrid gave 
the highest values for the three studied characters (59.2, 21.2 and 35.3% ), 
respectively. While the lowest values were  (21.03, 4.0 and 8.6 %)  recorded in  
pinnacle, Comanche and Dome hybrids for anther produced callus, anther 
produced root and callus developed root characters, respectively. 
The interaction effect showed that Sunrise gave the highest values of anther 
produced callus, anther produced root and callus developed root characters 
for low and room temperature, while, Dome showed a better response to cold 
pretreatment values for the three studied characters. 
Key Words: Anther culture, Broccoli, buds chilling, genotype, callus 
induction, root development.      
 

INTRODUCTION 
Anther culture technique has been applied extensively in some Brassica 

oleraceae cultivars viz. cabbage, Cauliflower, Brussels sprouts, Kohlrabi, 
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Chinese kale, Kales and Broccoli as reported by Arnison and Keller, (1990), 
Arnison et al, (1990), You-Ming et al., (1996), Vyvadilova et al, (1998,a) and 
Krzyzanowska, (2005) However, little information are available on the effect of 
low temperature on broccoli anther culture for callus formation and 
differentiation.  

Callus induction and root differentiation from anther culture of broccoli 
were reported with Nishi et al. , (1974), Tzen and Lin, (1975), Quazi, (1978) 
Zhong and Cheng (1981) and You-Ming et al.,  (1996). Meanwhile, 
differentiation of root was observed in callus from anther culture of 
cauliflower "Brassica oleraceae var. botrytis "  with Bagga et al. ,(1982) . 

Arnison et al., (1990), and Zhang et al., (1999), mentioned that, the rate of 
anther culture response was successfully affected by high temperature 
treatment in broccoli, but Hamaoka et al, (1991) indicated that hight 
temperature for the first 24 hrs. in anther culture of Brassica campestris 
subsp. Pekinensis inhibited normal pollen development and induced 
abnormal symmetrical division. They suggested that normal pollen 
differentiation is blocked by high temperature. Meanwhile, cold pretreatment 
was reported to have the advantage of more symmetric divisions Nitsch, 
(1974), delay of pollen  or anther wall senescence Sunderland, (1978) and 
reducing the percentage of abnormal microspores Qu and Chen, (1983). Cold 
treatment before anther or microspore isolation in same Crusiferae crops 
including broccoli demonstrated by Modyaeva (1990),   Osolnik et al., (1993), 
Achar, (2002), Nada et al., (2003) and Gorecka and Krzyzanowska, (2004) .  

The aim of this work was focused on the effect of low temperature (4o C 
for 24 hours) of flower buds after sterilization on callus differentiation in five 
hybrids of Broccoli. In addition, the relationship between genotype and 
temperature on anther culture was recorded.         
 

MATERIALS and METHODS 
1-Plant materials:-  

Five F1 hybrid seeds of Broccoli  were obtained from U.S.A. "Landmark 
and Pinnacle", Japan "Comanche "and Holland "Sunrise and Dome". The 
transplants  F1 hybrids were planted in open field by 20th of Sept. 2oo6 at the 
experimental site of Dokki Veg. Res. Hort. Res. Inst. Giza Govn., in clay soil, 
four plants from each hybrid were selected for the development of superior 
quality head and kept as a donor for anther culture .   
 

 
2-Chilling treatment:  

Flower buds were selected (2.5-3mm) from the main inflorescences prior 
to flower emergence, and surface sterilized by 10% clorax solution (0.5 % 
sodium hypochlorite ) with one drop of Tween 20/100 ml. for 15 min. followed  
by three washes in sterile distilled water, and it was exposed to a cold 
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treatment in a refrigerator for 24 hrs at 4oC before anther excision. Meanwhile 
in the case of  room temperature treatment , the anthers were  cultured after 
buds sterilization .                  

Under a laminar flow cabinet  at Dokki tissue culture lab. Around 6-9 
anthers were cultured without filaments in 200 ml. jars then sealed by with 
parafilm. Each jar contained 15 ml. of the culture medium as described by 
Miller, (1963) supplemental with 2ppm of each of 2,4-dichlorophenoxy acetic 
acid and indol-3-acetic acid  plus 1ppm of 6-furfuryl amino purine, beside 
1ppm  yeast extract  for initial culture of anther . The hormones were 0.5ppm 
of each of indol-3-acetic acid ( IAA) and kinetin in the medium used for 
differentiation . The pH medium was adjusted  at 5.7 and the media were 
sterilized by autoclaving at 121°C for 20 min.  

The anthers were cultured in the absence of light at 25°C. The calli (fig.1) 
were transfered after 4 weeks from culturing the anthers to 250 ml. jars 
containing 50 ml. of IAA / Kinetin medium  for differentiation . The calli were 
maintained in growth room at 25°C with 16 hours of cool white illumination of 
31 ME m-2 ( -1500 lux ). Within 8 weeks  some of this calli developed roots  
(fig.2, a&b) only and others did not differentiate .  
 

Experimental Design :- 
A completely randomized design in a factorial arrangement Cochran and 

Cox, (1957) was followed with two factors, i.e. hybrids and temperatures with 
four replicates for each treatment. The number of jars for each treatment 
were 40, 24,12,60 and 32 for pinnacle, Comanch, Dome, Landmark and 
Sunrise hybrids, respectively     
The following data were recorded:- 
1-Anther producing callus, (the frequency of anthers producing callus after 

four weeks from date of anther culture ). 
2- Anther producing roots, (the frequency of anther producing roots from 

callus differentiation within 8 weeks from the start of differentiation). 
3-Callus to developing roots, (the frequency of calli developing roots within 8 

weeks from the start of differentiation ). 
 

 
Fig. (1)callus formation from anther culture  
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(a) 

 
(b)  

Fig. (2, a-b) Developing roots from callus differentiation  
 

RESULTS AND DISCUSSION 
Genotypic effect on callus formation, rooting percentage and 
root development of Broccoli:-  

Significant genotypic differences on callus formation, rooting percentage 
and root development characters have been observed in Table (1) .Sunrise 
hybrid  gave the highest response than the other tested  hybrids for all 
studied characters.  On the other hand, Pinnacle hybrid gave the lowest value 
of callus formation character.  

As for rooting percentage, results in Table (1), show clearly that the 
highest values were detected to sunrise hybrid. On the other side, the lowest 
values were obtained from pinnacle and Comanche hybrids without 
significant differences between them. This character was increased by 79.5, 
14.8 and 1.0% in Landmark, Dome and pinnacle compared with Comanche. 

Regarding the effect of genotype on root development during rooting 
stage, results in Table (1) indicate that significant differences were found 
among the tested genotypes in this character, the highest values were 
obtained from Sunrise hybrid. On the other hand the lowest values were 
reported from Dome hybrid. In the same Table (1), the callus developing root 
character was increased by 111.5, 85.0 and 60.2% in the Pinnacle, Comanche 
and Landmark hybrids respectively compared with Dome hybrid.         
 
Table (1): Genotypic effect on callus formation and root development of 

Broccoli. 
F1 hybrid Callus formation% Rooting 

percentage Root development% 

Pinnacle 
Comanche 
Dome 
Landmark 
Sunrise 

21.03 
24.58 
36.19 
52.09 
59.16 

4.04 
4.00 
4.59 
7.18 

21.16 

18.19 
15.91 
8.60 
13.78 
35.33 

LSD(0.05) 0.60 0.20 0.87 
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From the above mentioned results in Table (1), its clear that, the variability 
in the tested characters of the anther culture might have a genetic basis and 
probably due to genetic constituents for each hybrid. Genotypic differences 
have been observed in anther culture of a number of Brassica spp. including 
broccoli as found by Arnison and Keller (1990), Fuller and Turton ,(1990). For 
example, You-Ming et al., (1996), worked on 11 varsities anther culture of 
broccoli and found that the callus formation rates were ranged from 0 to 
47.3% varied with verities.   
Low temperature effect on the callus formation, rooting 
percentage and root development of Broccoli :-   

The response of callus formation, rooting percentage and root 
development were increased significantly with a cold pretreatment period of 
4 oC at 24 hrs on flower buds for the five tested hybrids, (Table 2). It reached 
45.5%, 10.6% and 22.4% under low temperature condition. While it was 31.7%, 
5.6% and 15.3% under room temperature respectively, it is means that, 48.3 
percent of the calli differentiated roots in the absence of cold pretreatment. 
Similar results have been reported by Quazi, (1978) mentioned that fifty 
percent of the calli from anther culture of broccoli differentiated roots only.    
 
Table (2): Effect of low temperature on callus formation and root 

development of anther culture in Broccli. 

Treatments 
Callus 

Formation 
% 

Rooting 
Percentage 

% 

Root 
Development 

% 
Room (25 oC) 
Low (4 oC) 

31.7 
45.5 

5.6 
10.6 

15.3 
22.4 

LSD (0.05) 0. 4     0.1 0.6 
 

The low temperature exhibited 43.4%, 90.6% and 46.7% over that of room 
temperature for the three tested characters respectively .The cold 
pretreatment increased the callus production character (43.4%) which was 
nearly equal to that of  root development character (46.7%), it is mean that 
92.9 percent of the calli had differentiated roots and it could become more 
efficient if more of the rooted calli could be induced to form shoots. 

This result agreement with cold treatment, which was reported by Achar, 
(2002), Showed in Cabbage, a chilling treatment of 24 hrs. at 4 oC at the start 
of culture period resulted in a higher embryo yield compared to a treatment 
of 48 hrs. and Nada et al., (2003), they found that  24hrs. at 4 oC to be best in 
broccoli anther culture for the callugenic frequency percentage. The 
callugenic frequency percentage increased to 60.8% under cold treatment, 
while under room temperature was 22.5%. It is means that, the cold treatment 
of 24hrs. at 4 oC   was the most effective for inducing embryogenesis in 
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cabbage and produced better results for callus formation and root 
differentiation in broccoli.   

 

The interaction effect between genotype and temperature on 
callus formation, rooting percentage and root development of 
Broccoli: 

Combined data in Table (3) showed significant effect of interaction 
between genotype and temperature treatment on callus induction, rooting. 
percentage and root development characters. 

Concerning callus production character, results in Table (3), indicated 
that, although Landmark hybrid gave the highest value (52.1%) under room 
temperature as compared with the other hybrids, it gave the same value 
(52.1%) under chilling treatment. It is means that, the relationship without 
significant between the genotype Landmark and low temperature. On the 
other hand, although Landmark and Dome hybrids had nearly equal 
values (52.1 and 52.6%), respectively at low temperature, but the genotypic 
effect was completely different between them under control condition (52.1 
and 19.7%), respectively. The cold pretreatment exhibited (166.6%) over that 
room temperature for Dome hybrid. It is clear that, the best relationship 
was found between the genotype Dome and buds chilling. Although 
pinnacle hybrid gave the lowest value (13.6%) under room temperature as 
compared with the other hybrids, the cold treatment effect reached (28.5%) 
and exhibited (109.2%) over that room temperature, Table (3). It is 
indicated that, a clear relationship was obtained between the genotype 
pinnacle with respect to their effect on callus induction and cold treatment. 
In the meantime, Although, Sunrise hybrid gave the highest value (68%) 
under cold treatment, it gave the lowest value for the chilling treatment 
exhibition (35.1%) only over that room temperature as compared with 
pinnacle (109.2%) and Dome (166.6%) hybrids,  Table (3) .  Similar 
results agreement have  been reported by  Modyaeva , (1990), with callus formation 
in cabbage, who found that cold treatment effective one line only from anthers 
of 11 lines and 8 varieties were cultured. And also agreement with Nada 
et al, (2003), they mentioned that, the chilling treatment increased the 
callugenic frequency percentage from anther culture of broccoli by (473.1, 
216.4, 207.9, 93.4 and 82.5%) in the pinnacle, Landmark, Dome, Sunrise and 
Comanche hybrids, respectively compared with the control. 

Table (3) revealed that the rooting percentage character varied from 
genotype to another in each of the two temperature treatments. Although, 
Sunrise hybrid gave the highest values under two temperature treatments 
the cold treatment exhibited (56.1%) only over that control. In the 
meantime, although, Dome hybrid gave the lowest value (1.33%) at room 
temperature, the cold pretreatment exhibited the highest value (490.2%) over 
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that control condition as compared with the other hybrids. It is indicated 
that, the best relationship was showed between the genotype Dome and 
buds chilling. In the same Table (3), although, Landmark gave the higher 
values under two temperature treatments than Pinnacle and Comanche, the 
low temperature exhibited the lowest value (41.2%) over that room 
temperature as compared with pinnacle (184.8%) and Comanche 
(147.8%), respectively. 
 
Table(3): Interaction between F1 hybrids and temperature treatments on 

callus formation and root development of anther culture in Broccoli. 

F1 
hyb. Temp. 

No. of 
anther 
culture 

Callus 
formatio

n % 

Increase 
% 

over Rt 

Rooting 
percentage 

% 

Increase 
% 

over Rt 

Root 
develop

ment 
% 

Increase 
% 

over Rt 

Pinnacl
e    

Rt 
 
Lt 

285 
 

285 

13.60 
 

28.45 

- 
 

109.2 

2.10 
 

5.98 

- 
 

184.8 

15.38 
 

20.99 

_ 
 

36.5 

Comanche 
Rt 
 
Lt 

219 
 

209 

22.90 
 

26.25 

- 
 

14.6 

2.30 
 

5.70 

_ 
 

147.8 

10.0 
 

21.82 

_ 
 

118.2 

Dome 
Rt 
 
Lt 

76 
 

76 

19.74 
 

52.63 

- 
 

166.6 

1.33 
 

7.85 

_ 
 

490.2 

6.70 
 

15.00 

- 
 

123.9 

Landmark  
Rt 
 
Lt 

538 
 

535 

52.05 
 

52.14 

- 
 

0.2 

5.95 
 

8.40 

_ 
 

41.2 

11.43 
 

16.13 

- 
 

41.1 

Sunrise 
Rt 
 
Lt 

225 
 

225 

50.32 
 

68.00 

- 
 

35.1 

16.53 
 

25.80 

_ 
 

56.1 

32.74 
 

37.91 

_ 
 

15.8 
LSD  
(0.05)        - - 0.84 - 0.28 - 1.23 - 

Rt = Room temperature , Lt = Low temperature , 
 
From the result in Table (3), the interaction was obtained between the five 

genotypes and the two temperature treatments for root development 
character. Although, sunrise hybrid gave the highest values under two 
temperature treatments, the chilling treatment exhibited the lowest value 
(15.8%) over that control as compared with the other tested hybrids. On the 
other hand, although Dome hybrid gave the lowest values in each of the 
two temperature treatments, the cold treatment exhibited the highest value 
(123.9%) over that control condition as compared with the other tested 
hybrids, Table (3). 

From the results of the present study, it might be concluded that, 
considerable variation in response to anther culture was obvious among 
genotypes within the same variety. Some of these variations could be 
attributed to genetic differences or related to physiological conditions.  
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Conclusion 
Pretreatment of flower buds after sterilization at low temperature (4°C for 

24 hrs) as reported in this work with B.oleraceae L.var. italica could be 
considered as an additional type of beneficial stress treatment. Low  
temperature increased the yield of anther produced each of callus and root 
also the callus developed root characters .This treatment might be specific 
and had not been previously studied with Brassica oleraceae L.var. italica 
especially in Egypt. Therefore , it is believable that this factor is considered 
to be very important to increase the callus production, there is an evidence to 
suggest that the plants regenerated after slight callusing can be utilized to 
obtain somaclonal variants. In addition, calli developed from anthers culture 
and the differentiation of roots in callus, it could become more efficient if 
more of the rooted calli could be induced to form shoots, it expected that if 
these shoots are derived from single cells or cell clusters, they may possess 
variability to be exploited for agronomic improvement of this crop. 
Furthermore establishment of fast growing root can provide an excellent 
source of test material for breeding stocks from root cuttings in vitro and for 
the regeneration of shoots  from root segments. 
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 المنخفضة رة التركیب الوراثي ودرجة الحراالعلاقة بین 
 الناتج من زراعة متك البروكليعلى إنتاج الكالس ونمو الجذور 
 

 ندا مصطفى درویش، محمد رفعت الشامي
 مصر-جیزة -مركز البحوث الزراعیة  -معهد بحوث البساتین  -بحوث الخضر 

 

 الملخص العربي
بــراعم بغــرض دراسـة تـأثیر تعـریض ال ٢٠٠٧حتـى  ٢٠٠٦أجـري هـذا البحـث خــلال الفتـرة مـن 

سـاعة) علـى تكشـف الكـالس النـاتج مـن  ٢٤م لمدة ٥٤الزهریة المعقمة لدرجة الحرارة المنخفضة (
 زراعة المتك لخمس هجن بروكلي.

تمـت زراعــة خمـس هجــن بروكلـي وهــي (سـانریس ودوم مــن هولنـدا) و (لانــدمارك وبنسـل مــن 
ـــدقي بمعهـــد بحـــوث  ـــان) بـــأرض بحـــوث الخضـــر بال البســـاتین فـــي أمریكـــا) و(كومـــانش مـــن الیاب

، وتم جمع البراعم الزهریة من أربع نباتات منتخبة مـن كـل هجـین خـلال الفتـرة مـن ٢٠/٩/٢٠٠٦
وتعقیمهـا ثـم تعریضـها لدرجـة الحـرارة المنخفضـة  ٢٠٠٧حتـى نهایـة ینـایر  ٢٠٠٦نهایة دیسمبر 

ــاتج منهــا بمعمــل زراعــة الأنســجة ببحــوث الخضــر  ٢٤م لمــدة ٥٤( ــك الن ــم زراعــة المت ســاعة) وت
بالدقي وكذلك تمت زراعة متك معاملة المقارنة بعد تعقـیم البـراعم تحـت درجـة حـرارة الغرفـة وكانـت 

مللیجرام/لتـر) لكـل مـن أنـدول  ٢) مضاف إلیها (١٩٦٣البیئة المستخدمة للزراعة هي بیئة (میلر 
 مللیجرام) لكل من الكینتین ومستخلص ١داى كلوروفینوكس اسیتك اسد مع ( ٤-٢اسیتك اسد و 

داى كلوروفیتـوكس اسـیتك اسـد وخفـض كـل  ٤-٢الخمیرة بغرض إنتـاج الكـالس. وتـم اسـتبعاد الــ 
 مللیجرام/لتر) من البیئة بغرض تكشف الكالس. ٠.٥من الكینتین وأندول اسیتك اسد إلى (
 وأخذت البیانات على الصفات التالـیـة:

 استجابة المتك لإنتاج الكالس بعد أربع أسابیع من الزراعة. -١
ستجابة المتك لإنتاج الجذور بعد تكشف الكالس خـلال ثمـان أسـابیع مـن بدایـة تكشـف ا -٢

 الكالس.
 استجابة الكالس لنمو الجذور خلال ثمان أسابیع من بدایة تكشف الكالس. -٣
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Nada M. Darwish and M.R. EL-Shami 

 ٢٤م لمـدة ٥٤وأوضحت النتائج أن تعریض البراعم الزهریة المعقمة لدرجة الحرارة المنخفضة (
% أي بزیـادة ٤٥.٥% إلـى ٣١.٧ساعة) أدت إلى زیادة نسبة استجابة المتك لإنتاج الكالس من 

% مقارنة بالزراعة تحت درجة حرارة الغرفة، وكذلك زیادة نسبة استجابة المتك لإنتاج ٤٣.٤قدرها 
ارة % مقارنــة بالزراعــة تحــت درجــة حــر ٩٠.٦% أي بزیــادة قــدرها ١٠.٦% إلــى ٥.٦الجــذور مــن 

% أي بزیــادة ٢٢.٤% إلــى ١٥.٣الغرفـة وكــذلك زیــادة نسـبة اســتجابة الكــالس لنمــو الجـذور مــن 
% مقارنـة بالزراعـة تحـت درجـة حـرارة الغرفـة. بالإضـافة إلـى وجـود اختلافـات معنویـة ٤٦.٧قدرها 

 صفات الثلاثة المدروسة ویرجع ذلك إلـى الاخـتلاف فـي التراكیـب الوراثیـةالبین هجن البروكلي في 
% لصــفة اســتجابة ٥٩.٢لصــفات الثلاثــة وهــي لبیــنهم فقــد أعطــى الهجــین ســانریس أعلــى نســبة 

ــالس،  ــاج الك ــك لإنت ــراً ٢١.٢المت ــاج الجــذور وأخی ــك لإنت % لصــفة ٣٥.٣% لصــفة اســتجابة المت
% لصـــفة ٢١.٠٣اســـتجابة الكـــالس لنمـــو الجـــذور. فـــي حـــین أعطـــى الهجـــین بنســـل أقـــل نســـبة 

% لصــفة اســتجابة المتــك لإنتــاج الجــذور ٤.٠س والهجــین كومــانش اســتجابة المتــك لإنتــاج الكــال
 % لصفة استجابة الكالس لنمو الجذور.٨.٦والهجین دوم 

لصـفات الثلاثـة المدروسـة لوأوضحت النتائج أیضاً أن الهجین سانریس أعطى أعلـى اسـتجابة 
ن أفضـل الهجـن سواء تحت ظروف الحرارة المنخفضة أو درجـة حـرارة الغرفـة بینمـا الهجـین دوم كـا

 صفات الثلاثة المدروسة.لساعة) ل ٢٤م لمدة °٤في الاستجابة لتأثیر درجة الحرارة المنخفضة (
سـاعة)  ٢٤م لمـدة °٤ولذلك فأن تعریض بـراعم البروكلـي المعقمـة لدرجـة الحـرارة المنخفضـة (

اتج مــن یـؤدي إلــى زیـادة اســتجابة المتــك لإنتـاج الكــالس ونمــو الجـذور وكــذلك تكشــف الكـالس النــ
إنتاج الكالس وتكوین ونمو وأن التركیب الوراثي له تأثیر ایجابي وهام في   زراعة متك هذه البراعم

 الناتج من زراعة متك البروكلي.الجذور 
 
 
 

 
 

۹۹۲ 


