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ABSTRACT 

An investigation was consummated at Post-Harvest Lab. of 
Floriculture Dep., Hort. Res. Inst., Giza ,Egypt during 2008 and 2009 
seasons to study the effect of some preservative solutions, viz. distilled 
water (control), 10% sucrose + 0.1 g citric acid/l (T1), 100 ppm pix +T1, 
200 ppm pix +T1, 300 ppm pix +T1, 100 ppm GA  +T1, 200 ppm  GA3 3 
+T1, 300 ppm  GA3 +T1, and STS + T1 on flower heads quality, 
longevity, bent-neck phenomenon, water relation and stems and petal 
chemical composition of Gerbera jamesonii, Hook.cv. Deliana cut 
flowers.  

The obtained data exhibited that all preservative solutions, even 
distilled water caused a marked increment in the percent of flower heads 
fresh weight after 2 days from picking, whereas  a significant decrement 
was observed afterwards up to 12 days after cut. Flower heads diameter 
was progressively declined with prolonging the vase life period, but 
significantly improved by most of the used holding solutions. Longevity 
and fresh and dry weights of flower heads were also improved. The bent-
neck phenomenon % was cumulatively increased with elongating the 
holding period to reach the maximum (100%) in the flowers kept in 
solutions containing pix at any concentration, while the least percent was 
recorded by solutions containing GA3 at either 100 or 200 ppm 
concentrations. Most  preservative solutions used in this study reduced 
both water uptake and water loss, while others caused a reduction in 
water uptake accompanied with a pronounced increase in water loss. So, 
water balance means in these solutions were mostly negative, especially 
after 4 days from cut . However ,the best means of water balance were 
obtained from holding in either100 ppm pix +T1 or 100 ppm GA3 +T1 
solutions, which gave positive means throughout the different stages of 
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shelf life . The content of chlorophylls  a and b in the stems, as well as 
carotenoids and soluble sugars contents  in the stems and petals were 
increased in response to all the used preservative solutions with few 
exceptions. However, the superiority in most previous parameters was 
ascribed to the solution of 100 ppm GA  + T1.  3

Hence, it could be recommended to use the holding solution of 100 
ppm GA3+10 %sucrose + 0.1g citric acid/l for longer vase- life, less bent-
neck and good colour of Gerbera jamesonii, Hook.cv.Deliana cut flower 
heads.                                                           

 
Key words: Gerbera jamesonii, pix, GA3, STS, flower heads quality, 

longevity, bent-neck phenomenon, water relation and stems 
and petal chemical composition.  

INTRODUCTION 
Gerbera jamesonii,Hook. (Fam. Compositae) is a small group of 

temperate and tropical Asiatic and African perennial herbs grown for their 
yellow, pink or orange flower heads .The mature leaves very woolly 
beneath, numerous ,with long petiole up to 6-8 inch. Heads solitary, the 
showy orange –flame-colored  rays strap-shaped could be grown outdoors 
around the collections of botanic gardens. They should be grown in the 
temperate regions , in a rich compost of sandy loam and peat for 
decoration or cut-flowers. Prop. by seeds or by cuttings of side shoots 
(Bailey, 1976).  

Failure of some cut flowers to open, accompanied by bent-neck and 
wilting , seriously reduce their vase life (Zieslen et al. 1978). Following 
harvest and during the vase life of cut flowers, there is a rapid decline in 
respiration rate .Addition of a floral preservative  can reduce this decline  
so that the flowers have a comparatively higher respiration rate than the 
controls (Kaltaler and Steponkus, 1976). In this regard, Ronghua and 
Sufang (2006) found that the solution of 50 ppm AgNO 3+ 150 ppm citric 
acid + 5% sucrose gave the best longevity and the least neck bending in 
Gerbera jamesonii cut flowers.  Meman and Dabhi (2007) mentioned that 
the vase solution of sucrose  4% +8 –HQC 250 ppm +citric acid 250 ppm 
increased fresh weight of Gerbera jamesonii   cv.Savana Red  flowers by 
promoting solution uptake, improving the vase life and useful life of 
flowers, opening of disc florets, with bright, shining red colour and 
freshness for a longer duration. Likewise, Amiri et al. (2009) reported 
that vase life of Gerbera jamesonii cv. Pags flowers was significantly 
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extended from 12.0 days (control) to 24.5 days by using a combination of 
aluminum sulfate at 300 ppm and sucrose at 30 ppm, while 30 ppm 
sucrose +250 ppm AgNO3 +250 ppm citric acid combination improved 
water uptake  and consequently extended vase life, delayed scape 
bending, wilting and the curvature of the stem in the end of vase life.  

Similar observations were also gained by Mencarelli et al. 
(1995),Amariutei et al. (1995),Nagaraja et al. (2000) and Emongor 
(2004) on gerbera, as well as Celikel and Karaaly (1995) on carnation, 
ShengGen et al. (1997) on rose , Reyes-Arribas et al. (2000) on 
Chrysanthemum cvs. Tara and Boaldi,Singh and Tiwari (2002) on rose 
cv. Dorris, Abd El-Moneim (2004) on rose cvs. First Red, Golden Get 
and Tinike, and Skutnik et al. (2007) who postulated that pulsing for 24 h 
or dipping for a few seconds with either GA3 (250 ppm) or BA (100 ppm) 
prolonged the vase life of cut asparagus greens and kept chlorophyll, 
content at high means. On the other side, Cutting et al. (1990) stated that 
the growth regulator pix (mepiquat chloride ) seems to increase Ca levels 
in Citrus and has shown to increase IAA levels in tomato and apple .So, it 
is believed that this may be an important way to improve postharvest fruit 
quality. 

This trial aims to examine the effect of some preservative solutions 
which contained either of pix ,GA3 and STS amended with sucrose and 
citric acid on quality, longevity ,bent-neck phenomenon , water relations 
and stem and petal chemical composition of cut gerbera flower heads. 

MATERIALS AND METHODS 
A study was conducted at  Post-Harvest  Lab. of Floriculture Dept., 

Hort. Res. Inst., Giza, Egypt, during  2008 and 2009 seasons  in order to 
find out the best post harvest treatment suitable for delaying bent-neck 
phenomenon, improving the flowers keeping quality and detecting some 
morphological and physiological changes occurring during the vase life 
period of the cut Gerbera flowers. 

Flower heads of  Gerbera jamesonii, Hook. cv. Deliana were freshly 
obtained on December,20th  for both seasons from Floramix Farm (El-
Mansouria, Giza) grown under standard cultural practices in a 
commercial greenhouse. The flower heads were picked in the early 
morning at the mature stage with a uniform length averages and without 
leaves. Immediately following harvest, they were pulsed in a solution 
which consisted of sucrose at 10% + citric acid at 0.1% during transport 
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to the laboratory (2h). The scapes (or stems) were recut to a length of 35 
cm and placed in graduated cylinders (3 flower heads/cylinder) 
containing one of the following preservative solutions: 

1- Distilled water ( referred to as control) 
2- Sucrose(10%) +citric acid (0.1 g./l) solution ( referred to as T1) 
3- Mepiquat chloride or Pix (1,1-dimethylpiperidinium chloride, 

DMPC) solution at concentrations of 100,200 and 300 ppm plus 
T1,which was added to each concentration. 

4- Gibberellic acid (GA3) solution at concentrations of 100,200 and 
300 ppm plus T1,which was also added to each concentration. 

5- Silver thiosulphate (STS)  solution, which prepared by dissolving 
of 0.34 g AgNO3 in 125 ml distilled water (solution A) and 0.632g 
of sodium thiosulphate in 125 ml distilled water (solution B). 
Solution A was then added to solution B(not reverse) with shaking 
to get 250 ml of STS solution. The bases of flower scapes (or 
stems) were immersed in STS solution for  5 min . only and then 
held in T1 solution. 

A drop of xylene was added on the surfaces of the previous 
solutions to prevent evaporation throughout the vase life period. The 
flower heads were held under a 24 h photoperiod (fluorescent light of 
1000 lux ) at 18-20°C  and approx 55 % relative humidity .The layout of 
the experiment in both seasons was a complete randomized design (Mead 
et al. 1993)  with three  replicates,  as each replicate contained three  
flower heads. 

During the vase life period, some data were recorded  every two 
days for six times as follows: the change in flower heads fresh weight 
(%), flower heads  diameter (cm) , bent-neck phenomenon (%), as well as 
water uptake, water loss and water balance ( ml/ flower head), while at 
the  end of  vase life  period, flower  head fresh and dry weights, dry 
weight (%) using the equation of: D.W.%= dry weight /fresh weight 
x100, and  flower head  longevity (days) were assessed. The content of 
chlorophyll a, b and carotenoids (mg/g f.w.)  was determined in fresh 
stem samples according to  the method of Moran (1982),while in fresh 
petal samples, carotenoids content only was evaluated. In fresh stems and 
petal  samples, however, total soluble sugars (g/100g D.W.) were 
measured as described by Dubois et al (1966).  

Data were then tabulated and  statistically analyzed(except the 
chemical measurements) according to SAS Program  (1994), using  
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Dancan's Multiple Range Test (1955) to compare among means of the 
different preservative solution treatments. 

RESULTS AND DISCUSSION 
Effect of preservative solutions on: 
1- Cut flower heads parameters: 

Data in Table (1) show that  all preservative solutions, even the 
distilled water  caused a positive increment in fresh weight % after 2 days 
from the cut in both seasons, whereas a negative decrement was observed 
afterwards up to 12 days after cut. In general , the highest increase in this 
parameter in both seasons was induced by 300 ppm  GA3 +T1, followed 
by the solution of 100 ppm GA3 + T1 while the least decrease was found 
due to holding in 100 ppm GA3 +T1 solution in most cases of the two 
seasons, followed  by STS +T1 solution. 

As shown in Table (2), flower head diameter (cm) was 
progressively declined with  prolonging the vase life period to reach 
minimum values at the end of vase life period (12 days after cut) in the 
two seasons. On the other hand, most of holding solutions used in this 
study significantly improved such trait throughout the different stages of 
vase period, with the superiority of 100 ppm GA3 +T1 treatment ,which 
gave the widest diameter in both seasons. Preservative  solution treatment 
of STS + T1 also improved this character, but at certain stages of the vase 
period. 

Fresh and dry weights (g) of gerbera flower heads (Table, 3) were 
significantly increased due to holding in all preservative  solutions 
employed in the current work except for the solution which contained pix 
at the concentration of 100 ppm as recorded the highest fresh and dry 
weights in the two seasons. The heaviest fresh weight, on the other hand 
was obtained in both seasons when the flower heads were held either in 
200 ppm pix +T1 or in 100 ppm GA3 +T1 solutions. That was true for dry 
weight parameter when the flower heads were preserved either in T1 
solution alone or in T1 solution  
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combined with 100 ppm GA3. Dry weight (%) was also improved, but 
without any significant differences among various treatments and control. 
However, the highest percentages of D.W. were registered by the 
individual T1 treatment and T1 combined with either 100 ppm GA3 or 
STS. 

As for longevity of flower heads (days),data in Table (4) exhibit that 
it was significantly increased  in  the two  seasons  by  holding  the  
flowers  in  T1 solution or T1 plus either GA3 at 100 and 200 ppm 
concentrations or STS solution. The prevalence, however was for 100 
ppm GA3 +T1 solution, which gave the best longevity in both seasons. 
This may indicate the role of GA3  on delaying flowers senescence by 
increasing the number of disc florets open, and delaying petal fading and 
abscission (Emongor,2004). 

The bent-neck phenomenon in gerbera flower heads occurred in the 
present study after 6 days from picking, as shown in Table (4), except for 
flower heads held in T1 solution and in 100 ppm GA3 +T1, as such 
phenomenon appeared in these two solutions after 8 days from picking, 
while in the solution of 200 ppm + T1, this phenomenon delayed up to 10 
days after cut. In this regard, Emongor (2004) revealed that gerbera cut 
flowers held in  GA3  had significantly higher water content in the flower 
heads and stems, hence maintaining flower turgidity, and showed a 
reduction in bent-neck and flower senescence as this increased flower 
quality after 14 days of treatment compared to flowers maintained in 
distilled water. In addition, Amariutei  et al. (1995) found that cells from 
ligulae of cut gerbera inflorescence cv. Red Marleen held in distilled 
water had a low cytoplasm content, small mitochondria, elongated 
chromoplasts   and higher dead cells than cells of those held in 2.5 
%sucrose + 150 ppm 8-HQS or GA3solutions after 8 days of vase life 
.Moreover, Mencarelli et al. (1995) concluded that stem break in cut 
gerbera flowers thought to be caused by water imbalances and ethylene 
evolution which was higher in bent scapes than in straight ones. So, the 
occurrence of stem break in gerberas could be ethylene- controlled and 
associated with early senescence which might be accelerated by water 
stress.   

In general, the percent of neck-bending was cumulatively increased 
with increasing the vase life period to reach maximum in the holding 
solutions containing pix at any concentration after 10 days from cut. After 
12 days from cut, this percent ranged between 77-88 % in control solution 
and 55-66% in T1 and STS+ T1 solutions. The least percent, however 
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was recorded by solutions contained  GA3 at 100 and 200 ppm 
concentrations. 

The previous findings are coincide with those postulated by 
Ronghua and Sufang (2006),Meman and Dabhi (2007) and Amiri et al 
(2009) on Gerbera, Celikel and Karaaly (1995) on carnation, Reyes-
Arribas et al (2000) on chrysanthemum and Singh and Tiwari (2002) on 
rose. 

2-Water relations of  cut flower heads:  

According to data presented in Table (5), it is clear that most 
holding solutions used in this work reduced both water uptake and water 
loss (ml/fl.) with various significant differences when compared to 
control in both seasons. That was true for solutions of T1, 200 ppm pix 
+T1, 200 ppm GA  +T1,300 ppm GA3 3 +T1 and STS+T1, as they caused 
higher reduction in water uptake than in water loss. So, water balance 
means were negative in most stages of holding period in the two seasons. 
The solution of 300 ppm pix +T1, induced a normal reduction in water 
uptake, but a great increase in water loss. Hence, water balance means 
were also negative in most cases of both seasons. The best water balance 
in the two seasons, was however accomplished by the solutions of 100 
ppm pix +T1, and 100 ppm GA3 +T1 that caused a significant increase in 
water uptake versus a great decrease in water loss. Therefore, the means 
of water balance were mostly positive throughout the various stages of 
holding period.  

This may indicate the role of pix and GA3 at low level in raising 
water content in flower heads and stems, hence maintaining flower 
turgidity (Emongor,2004 and Cutting et al , 1990). In this concern, 
Durkin (1979) stated  that water balance, a central consideration in the 
longevity of cut flowers, depends on the relationship between solution 
uptake and transpiration. Solution uptake depends on transpiration, 
temperature, light, solution pH, microbial populations, leaf removal, 
sucrose level and mineral content .Growth regulators modify transpiration 
rates, and hence affect solution uptake (Kaltaler and 
Steponkus,1976).Vascular occlusions due to gum deposition may 
decrease water uptake and therefore, cause a disturbance in water balance 
(Lineberger and Steponkus,1976). On the same line, were those results 
attained by Amariutei  et al.(1995),  Nagaraja et al (2000) and  Amiri et 
al (2009) on Gerbera jamesonii. 

 



J. Biol. Chem. Environ. Sci., 2009, 4(2), 39-55 49 
 

3- Chemical composition of stem and petal:                                                                        
From data registered in Table (6), it could be concluded that 

chlorophyll a and b content in the stems (mg/g f.w.) was increased in 
response to all the used preservative solutions comparing with control in 
the two seasons. The mastery, however was attributed to holding in 100 
ppm GA3 +T1 solution. A similar trend was also obtained concerning 
carotenoids content (mg/g f.w.) in the stems and petals, as the solution of 
100 ppm GA3 combined with T1 gave the utmost high content in the most 
cases of both seasons.  

A slight reduction was observed in only petals of flower heads held 
in solutions which contained pix at either 200 or 300 ppm levels. In this 
connection, Amariutei  et al.(1995) revealed that anthocyanin and 
carotenoid  pigment contents were intensified in ligulas of cut Gerbera 
jamesonii cv.Red Marleen inflorescences due to holding in 2.5% sucrose 
+ 150 ppm 8-HQS or GA3 solution . Likewise, ShengGen et al. (1997) 
pointed out that a solution of 2% sucrose +500mg citric acid/l+250 ppm  
GA3 or 25 mg AgNO3 /l enhanced anthocyanidin content in the petals of 
Rosa shinensis cv. Shenzhenhong. Similarly, were those results of 
Mencarelli et al. (1995) and Nagaraja et al (2000) on gerbera, and 
Skutnik et al.  (2007) on asparagus greens. With regard to soluble sugars 
content (mg/100g D.W.) in the stems and petals, data in Table (6) show 
that all preservative solutions accomplished in this study caused a marked 
increment in such constituent, with the exception of   solutions which 
contained pix at any level, as they slightly decreased such parameter in 
the petals in both seasons. These results, however are in parallel with 
those recoded by Amariutei  et al.(1995) on gerbera and  ShengGen et al 
.(1997) on Rosa shinensis cv. Shenzhenhong.  

According to the aforementioned results , it could be recommended 
to use the preservative solution of 100 ppm GA3+10% sucrose + 0.1g 
citric acid /l for keeping quality, longer vase life, less bent-neck and good 
colour of Gerbera jamesonii,  Hook cv.Deliana cut flower heads. 
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  الحفظ  محاليل استجابة أزهار الجيربيرا المقطوفة لبعض معاملات 

  حنان عز الدين إبراهيم- بشرة عبد االله السيد- معزة محمد عبد المنع
   الجيزة–مرآز البحوث الزراعية –معهد بحوث البساتين -قسم بحوث الزينة وتنسيق الحدائق

  
معهѧѧد بحѧѧوث  ، حѧѧوث الزينѧѧة بقѧѧسم ب، اجѧѧري هѧѧذا البحѧѧث بمعمѧѧل معѧѧاملات مابعѧѧد القطѧѧف    

:  وذلك لدراسة تأثير بعض محاليل الحفѧظ ٢٠٠٩ ، ٢٠٠٨مصر خلال موسمي   ، الجيزة، البساتين
) Pix(البѧѧيكس ، )T1(لتѧѧر/  جѧѧم حمѧѧض سѧѧتريك  ١,٠+ سѧѧكروز%١٠، )مقارنѧѧة(المѧѧاء المقطѧѧر  

حمѧѧض ، )لكѧѧل ترآيѧѧز علѧѧي حѧѧدة    ( T1 +  جѧѧزء فѧѧي المليѧѧون   ٣٠٠، ٢٠٠، ١٠٠:بترآيѧѧزات
لكل ترآيز علي حѧدة  ( T1 + جزء في المليون ٣٠٠، ٢٠٠، ١٠٠: بترآيزات(GA3) الجبريليك 

مѧدة البقѧاء فѧي الفѧازة،     ، علѧي جѧودة الأزهѧار    T1 ) + (STSوآѧذلك محلѧول ثيوسѧلفات الفѧضة     ،)
 صѧنف   -العلاقات المائية والترآيب الكيميائي لسوق وبتلات أزهار الجيربيرا       ،ظاهرة انحناء العنق  

  Gerbera jamesonii  Hook cv. Deliana ،ديليانا
حتѧѧى المѧѧاء المقطѧѧر قѧѧد ، ولقѧѧد أوضѧѧحت النتѧѧائج المتحѧѧصل عليهѧѧا أن جميѧѧع محاليѧѧل الحفѧѧظ  

أحدثت زيادة ملحوظة في النسبة المئوية للتغير فѧي الѧوزن الطѧازج لأزهѧار الجيربيѧرا بعѧد يѧومين                 
 انخفѧض قطѧر     ولقѧد .  يѧوم بعѧد القطѧف      ١٢بينما حѧدث انخفѧاض معنѧوي بعѧد ذلѧك حتѧى              ،من القطف 

لكنѧه تحѧسن معنويѧا باسѧتخدام معظѧم محاليѧل الحفѧظ موضѧع                ، الأزهار تدريجيا بإطالة فتѧرة الحفѧظ      
أمѧا  . آمѧا زاد أيѧضا عمѧر الأزهѧار والѧوزن الطѧازج والجѧاف لهѧا باسѧتخدام هѧذه المحاليѧل                      .الدراسة

 إلѧي أقѧصاها     النسبة المئوية لظاهرة انحناء العنق فقد زادت تدريجيا آلما طالѧت مѧدة الحفѧظ لتѧصل                
 بينما تحققت  ،في الأزهار التي حفظت بالمحاليل المحتوية علي البيكس أيا آان ترآيزه%) ١٠٠(

، ١٠٠: اقل نسبة مئوية لهذه الظاهرة باستخدام المحاليل المحتوية علѧي حمѧض الجبريليѧك بترآيѧز               
ولقد أحدثت معظم محاليل الحفظ المستخدمة انخفاضا متوازناً في آل من           . ي المليون   جزء ف   ٢٠٠

بينمѧѧا احѧѧدث الѧѧبعض الآخѧѧر انخفاضѧѧا نѧѧسبيا فѧѧي المѧѧاء الممѧѧتص     ، المѧѧاء الممѧѧتص والمѧѧاء المفقѧѧود  
ولذلك فان متوسطات الاتزان المائي فѧي هѧذه المحاليѧل           . مصحوبا بزيادة واضحة في الماء المفقود     

إلا إن أفضل متوسطات للاتزان المائي في أزهار . أيام من القطف  ٤خاصة بعد   ، سالبةآانت غالبا   
 جѧزء فѧي المليѧون و        ١٠٠الجيربيرا أمكن الحصول عليها من الحفظ في محلѧولي البѧيكس بترآيѧز              

حيث أعطي هذين المحلѧولين متوسѧطات موجبѧة للاتѧزان          ، حمض الجبريليك بنفس الترآيز السابق    
و لقد أوضحت النتائج أيضا حدوث زيادة في محتѧوي   . حل المختلفة لفترة الحفظ   المائي خلال المرا  

ب وآѧѧذلك محتѧѧوي الѧѧسوق والبѧѧتلات مѧѧن الكاروتينويѧѧدات والѧѧسكريات    ،الѧѧسوق مѧѧن آلѧѧوروفيللي ا 
وآانت الأفضلية  . الذائبة نتيجة للحفظ في المحاليل موضع الدراسة مع بعض الاستثناءات البسيطة          

 ѧѧات الѧѧم القياسѧѧي معظѧѧن   فѧѧون مѧѧول المكѧѧي المحلѧѧظ فѧѧض  ١٠٠: سابقة للحفѧѧون حمѧѧي المليѧѧزء فѧѧج 
  .لتر/ جم حمض ستريك١,٠+سكروز%١٠+الجبريلليك 

 جѧѧزء فѧѧي المليѧѧون  ١٠٠وعليѧѧة، يمكѧѧن التوصѧѧية باسѧѧتخدام محلѧѧول الحفѧѧظ المحتѧѧوي علѧѧي    
لتѧر للحѧصول علѧي أفѧضل جѧودة و      /  جم حمض سѧتريك   ١,٠+سكروز% ١٠+حمض الجبريلليك   

 نسبة انحناء في العنق مصحوبة بأفضل علاقات مائيѧة وأفѧضل محتѧوي آيميѧائي                أطول عمر واقل  
     .)Gerbera jamesonii,  Hook cv. Deliana( صنف ديليانا -لأزهار الجيربيرا

 


