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Abstract. Early leaf yellowing in Alstroemeria cut flowers before petal abscission 
is an important limiting vase life factor. Leaf senescence can be reduced by 
application of cytokinins, but this effectiveness on cut flowers can be different 
depending on cultivar, stage of flower development and type of cytokinin. In this 
study, the effect of adding benzyladenine (BA) and thidiazuron (TDZ), a 
substituted phenylurea compound with high cytokinin-like activity, to solutions 
containing sucrose and hydroxyquinoline sulfate for increasing flower and leaf 
longevity of Alstroemeria cut flowers (Alstroemeria hybrid cv. Setpoint) was 
investigated. Results showed that pulse treatment of Alstroemeria cut flowers 
with 30 g L-1 sucrose + 10 µM thidiazuron + 200 mg L-1 hydroxyquinoline sulfate 
significantly delayed petal abscission (3.3 days) and leaf yellowing (25.7 days) 
compared to untreated control flowers. This treatment increased chlorophyll 
content, fresh weight, water uptake and total soluble solids of petals. Application 
of BA had no significant (p<0.05) effect on delaying time to petal abscission and 
it was less effective than TDZ on delaying chlorophyll degradation. 
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INTRODUCTION 
 
The postharvest life of Alstroemeria floral organs is typically long and is 
terminated by petal abscission. However, in many cultivars, yellowing of 
the leaves on cut stems occurs within a few days, and proceeds very rap-
idly (Ferrante et al. 2002, 2003, 2005). As a consequence, leaf yellowing 
can reduce the overall display life of selected Alstroemeria cultivars. Sev-
eral treatments have been tested for their ability to delay leaf yellowing 
and thereby extend the vase life of Alstroemeria cut flowers. 

It is reported that vase life of many cut flowers can be extended by 
treatment with cytokinins (Nowak et al. 1990). Pulse treatment with 25 and 
50 mg L-1 benzyladenine (BA) delayed ethylene production and extended 
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the vase life of cut Eustoma flowers (Hassanpour & Karimi 2010). Treat-
ment with the commercial BA-containing formulation, Accel, at 25 mg/L BA 
equivalent consistently increased the number of days to full opening of pri-
mary florets and delayed the onset of flower senescence and leaf yellowing 
of Alstroemeria cut flowers (Mutui et al. 2001). It was found that 0.05 mg L-1 
BA could delay the change in fresh weight, respiration rate and water up-
take of gerbera (Kittisiripat & Techawongstien 2007). Also BA have been 
particularly effective in delaying leaf senescence and prolonging vase life of 
cut Heliconia (Paull & Chantrachit 2001), Lilium (Han 2001) and Eustoma 
(Huang & Chen 2002). Researchers suggested that the effect of BA on the 
extension of vase life depended upon flower or inflorescence type, season 
of harvest and cultivar (Paull & Chantrachit 2001). 

Thidiazuron (TDZ, N-phenyl-N_-1,2,3-thiadiazol-5- ylurea) is a substi-
tuted phenylurea compound that has high cytokinin-like activity that proba-
bly is the basis of its herbicidal and defoliation properties (Ferrante et al.  
2002). Ferrante et al. (2002) reported that a single 24-h pulse treatment 
with 10 µM TDZ retarded chlorophyll degradation and prevented yellowing 
of isolated leaves of cut flowers of Alstroemeria for more than 2 months. 
TDZ also delayed the onset of leaf senescence in tulips, Chrysanthemums 
(Ferrante et al. 2003) and Pelargonium (Mutui et al. 2005). But TDZ in 
combination with sucrose, were more effective in delaying senescence of 
cut inflorescences of phlox and Lupinus and greatly improved overall post-
harvest display life (Sankhla et al. 2005a,b). In addition Macnish et al. 
(2010) demonstrated that a postharvest pulse with 0.2–1mM TDZ for 6–24 
h extended the vase life of iris flowers. 

Alstroemeria cv. Setpoint with red petals and 6-8 average flowers per 
stem is a high productivity cut flower. But as the most Alstroemeria cultivars 
early leaf yellowing of cv. Setpoint is the major post harvest problem.  

The objective of the current research was to determine the effect of TDZ 
and BA in combination with sucrose and hydroxyquinoline sulfate (8-HQS), 
as an antimicrobial compound, on postharvest characteristics of Alstroe-
meria cv. Setpoint cut flowers. Pulse treatment with these combinations 
may be more useful for preventing leaf yellowing and extending vase life of 
Alstroemeria cv. Setpoint cut flowers. 

 
 
MATERIALS AND METHODS 
 
Plant materials 
 

Cut Alstroemeria flowers cv. Setpoint were harvested at commercial maturity (old-
est buds about to open) and were transported dry to the laboratory of Horticultural 
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Sciences at University of Guilan, within 6 h. Stems were cut to 45 cm and placed 
into vases containing solutions. Vases were then placed into a controlled environ-
ment room at 22±2 °C, 70% RH and 750-800 lux light intensity for 10 h day-1 by 
cool-white fluorescent lamps. 
 
Pulse treatments 
 

Flowers were ‘pulse’ treated for 24 h with solutions containing 10 g L-1 sucrose  
(S1), 30 g L-1 sucrose (S2), 10 µM TDZ, 0.1 mM BA and 200 mg L-1 hydroxyquino-
line sulfate (8-HQS) with mentioned combinations in Table 1. After pulse treatment 
of cut stems under the conditions described above, all flowers were placed in de-
ionised water and postharvest performance was compared with that of control 
flowers. This experiment was conducted in completely randomized design with 
three replications while three stems were used for each replication. Results were 
analyzed by using SAS software. Mean comparisons to identify significant differ-
ences between treatments were performed using least significant difference (LSD). 
 
Vase life parameters 
 

Vase life was judged as the time (days) to 50% visible leaf yellowing and/or 50% 
petal abscission relative to the initial number of leaves and flowers on each repli-
cate stem (Mutui et al. 2001). 
 
Fresh weight 
 

Relative fresh weight of cut flowers was calculated using the formula: RFW (%) = 
(Wt/Wt=0) × 100; where Wt = weight of cut flowers (g) at t = days 2, 4, 6, 8, 10, 12, 
14, 16 and18. Wt=1 = weight of the same cut flower (g) on day 1 (He et al. 2006). 
 
Water uptake 
 

Vase water uptake was determined using the formula: Water uptake (ml day-1 g-1 
fresh weight) = (St-1-St)/Wt; where, St = solution weight (g) at t = days 4, 6, 8, 10, 
12, 14, 16 and 18. St-1 = solution weight (g) on the preceding day, and Wt = fresh 
weight of the cut flower (g) on t days (He et al. 2006). 
 
Chlorophyll determination 
 

a. At the last vase life day of control flowers (day 16) the chlorophyll content of fully 
expanded leaves from cut flower stems were extracted with acetone and ethyl 
ether by Wu et al. (1969) method. The extinction point was quantified with a spec-
trophotometer (6405. UV/Vis – JENWAY-England) by absorption at 645 and 663 
nm and used following equations for quantification of the total chlorophyll content:      

Chlorophyll a+b (mg/g f.w) = 0.0202 (A645) + 0.00802 (A663) 
b. Leaf chlorophyll changes was measured by using (Spad- 502, Mirolta co.) in dif-
ferent days 2, 4, 6, 8, 10, 12, 14, 16 and18 during experiment time. 
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Total soluble solids 
 

Total soluble solids (TSS) were determined in petals of flowers (g/100 g FW). Pet-
als (3 g) were crushed in a mortar then filtered through cotton. Total soluble solids 
were measured by a table-type (CETI BELGIUM model) refractometer at = days 1, 
6 and 15. 

 
 

RESULTS 
 
Leaf yellowing 
 

Incorporation of TDZ and BA in the pulsing solution considerably delayed 
the onset of leaf yellowing. Combination of BA with 10 g L-1 sucrose was 
more effective on delaying leaf yellowing than BA with 30 g L-1 sucrose 
while TDZ in combination with 30 g L-1 sucrose resulted in the longest re-
tardation in leaf yellowing (Table 1). Pulse treatment with S2+TDZ+8-HQS 
significantly increased the mean number of days to leaf yellowing (25.7 
days) in comparison to untreated control flowers. There were no significant 
(p<0.05) differences between this treatment and other treatments contain-
ing TDZ (Table 1). 
 
Petal abscission 
 

The effect of treatments on extending time to petal abscission was not as 
considerable as leaf yellowing. Among all tested treatments, combination of 
S2+TDZ+8-HQS caused to extend flower longevity just 3.3 day more than 
untreated control flowers (Table 1). This treatment had no significant 
(p<0.05) difference with the other treatments containing TDZ. Treatments 
containing BA had no significant (p<0.05) effect on delaying time to petal 
abscission in comparison with control flowers (Table 1).  
 
Fresh weight  
 

Maximum relative fresh weight was specifically associated with flowers 
treated with TDZ in combination with S2 and 8-HQS (Table 1). The means 
of fresh weight of this treatment increased at the first days until day 10 and 
after that decreased on following days so that on day 18 it was 88.71 % of 
initial value (Fig. 1B). However, there were no significant (p<0.05) differ-
ences among all the TDZ containing treatments. Minimum relative fresh 
weight was associated with untreated flowers (Table 1). There was a little 
increase in control flowers until day 4 and after that it decreased more rap-
idly than other treatments so that on day 18 it was 74.73 % of initial value 
with no significant differences with both S1 and S2 treatments (Fig. 1A,B). 
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Figure 1. Effect of 24 h pulse treatments with A) 10 g L-1 sucrose (S1) 
in combination with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS 
and deionized water (control) and B) 30 g L-1 sucrose (S2) in combi-
nation with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS and de-
ionized water (control) on changes in fresh weight of Alstroemeria 
cut flowers cv. Setpoint. Values are the means of 3 replications, ± 
S.E. 

 
 
Water uptake 
 

All treatments significantly increased water uptake compared with the con-
trol (Table 1). Water uptake rate decreased from day 4 in all treatments, but 
this decrease was more rapid in control and followed by S1 and S2 (Fig. 
2A,B). Adding 8-HQS and TDZ to S2 caused maximum water uptake in all 
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days (Fig. 2B). 
 

 
 

Figure 2. Effect of 24 h pulse treatments with A) 10 g L-1 sucrose (S1) 
in combination with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS 
and deionized water (control) and B) 30 g L-1 sucrose (S2) in combi-
nation with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS and de-
ionized water (control) on changes in water uptake of Alstroemeria 
cut flowers cv. Setpoint. Values are the means of 3 replications, ± 
S.E. 

 
 
Chlorophyll content 
 

Chlorophyll a+b  
It is noticeable that there were significant (p<0.05) differences between all 
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treatments and control at day 16 and treatments containing TDZ resulted in 
more chlorophyll content than the other treatments (Table 1). Results that 
obtained by spectrophotometer showed that flowers treated with combina-
tion of S2+TDZ+8-HQS significantly had more leaf chlorophyll content in 
comparison to untreated control. While effect of BA with 30 g L-1 sucrose on 
delaying chlorophyll degradation was significantly less than BA with 10 g L-1 

sucrose (Table 1). 
Chlorophyll measured by SPAD  
Using the chlorophyll meter SPAD-502 provided simple and real estimation 
of changes in leaves chlorophyll contents. Leaf chlorophyll content in-
creased at the first days of experiment and then decreased in all treatments 
from day 4 except treatments containing TDZ that had higher amount of 
chlorophyll than initial value until day 6. Furthermore, rate of decreasing 
chlorophyll was different between treatments. Chlorophyll content de-
creased rapidly in control and then S1 and S2, while flowers were treated 
by TDZ showed the minimum decrease until the end of vase life (Fig. 
3A,B). 
 
Total soluble solids  
 

Total soluble solids of petals decreased during the experiment, but these 
changes were not similar between different treatments. At day 6, amounts 
of total soluble solids of petals treated with solution containing TDZ or BA in 
both concentrations of sucrose was more than value on one day after har-
vest (Fig. 4A,B). In other treatments, total soluble solids of petals de-
creased rapidly. The most total soluble solids of petals (4.03 %) was related 
to S2+TDZ+8-HQS treatment during the experiment and the least total 
soluble solids of petals was related to untreated control flowers (2.51 %) 
that it had no significant difference with S1 and S1+8-HQS (Table 1).  

 
 

DISCUSSION 
 
Leaf yellowing of Alstroemeria cv. Setpoint cut flowers occurred before the 
flower senescence, within 9-11 days after harvest.  In this study 13 solu-
tions were tested to prolong the vase life of ‘Setpoint’ cut flowers. The com-
bination of 30 g L-1 sucrose + 10 µM thidiazuron + 200 mg L-1 hydroxyqui-
noline sulfate could successfully extend flower vase life and improve post-
harvest quality of the flowers. Findings were obtained by Ferrante et al. 
(2002) showed that TDZ could not extend flower longevity of Alstroemeria 
cut flowers, but in this experiment treating Alstroemeria cut flowers with 10 
µM thidiazuron in combination with 30 g L-1 sucrose and 200 mg L-1 hy-
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droxyquinoline sulfate delayed time to petal abscission (3.3 days) com-
pared with untreated control flowers. 
 

 
 

Figure 3. Changes in Chlorophyll (SPAD reading) of Alstroemeria cut 
flowers cv. Setpoint, A) treated by 10 g L-1 sucrose (S1) in combina-
tion with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS and deion-
ized water (control) and B) treated by 30 g L-1 sucrose (S2) in combi-
nation with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS and de-
ionized water (control) for 24 h. Values are the means of 3 replica-
tions, ± S.E. 

 
 

Previous studies showed that TDZ is able to inhibit carotenoid degrada-
tion and retard chlorophyll degradation (Ferrante et al. 2002,  Ferrante et al.  
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Figure 4. Changes in total soluble solids of petal of Alstroemeria cut 
flowers cv. Setpoint, A) treated by 10 g L-1 sucrose (S1) in combina-
tion with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS and deion-
ized water (control) and B) treated by 30 g L-1 sucrose (S2) in combi-
nation with 10 µM TDZ, 0.1 mM BA and 200 mg L-1 8-HQS and de-
ionized water (control) for 24 h. Values are the means of 3 replica-
tions, ± S.E. 

 
 

2003, Ferrante et al. 2004). In addition its cytokinin-like activity, TDZ may 
also play a role in modulating the effects of ethylene in cut flowers (Sankhla 
et al. 2005b). The overall trend of changes in leaf chlorophyll contents by 
SPAD showed that flowers treated with TDZ had higher level of chlorophyll 
contents and generally, rate of chlorophyll degradation was slower than 
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flowers treated with BA in all days of experiment. External applications of 
BA had been effective on retarding senescence of various cut flowers by 
arresting degradation of protein and chlorophyll (Mutui et al. 2001) and 
TDZ, is so effective at inducing cytokinin-like responses (Ferrante et al. 
2002). Probably the effect of TDZ on delay leaf yellowing is due to its cyto-
kinin-like activity that is higher than BA. TDZ is not metabolized by the 
plants therefore its activity lasts longer than BA (Ferrante et al. 2009). 

In the present study combination of 30 g L-1 sucrose + 10 µM thidiazuron 
with 200 mg L-1 hydroxyquinoline sulfate resulted to increase leaf chloro-
phyll content due to improve uptake of solution containing TDZ. Hydroxy-
quinoline sulfate is a bactericide and acidifying agent that inhibits microor-
ganism activity and so vascular occlusion in the cut flowers stems (Nowak 
et al. 1990, Skutnik et al. 2004). Application of 30 g L-1 sucrose resulted in 
less chlorophyll content compared to 10 g L-1 sucrose. This response was 
even greater for stems treated in combination with sucrose and BA. How-
ever there was no significant difference between two sucrose concentra-
tions in most cases. According to previous reports increasing sucrose con-
centration can induce leaf yellowing (Chanasut et al. 2003, Wingler et al. 
1998) and probably high concentration of sucrose was effective on cyto-
kinin activity.  

Although it has been reported that treating cut flowers with exogenous 
sucrose extends the cut flowers longevity and increase content of soluble 
carbohydrates (Chanasut et al. 2003, Eason et al. 1997, Ichimura et al. 
2003), but in this experiment sucrose even in concentration 30 g L-1 without 
TDZ or BA had slightly effect on vase life and total soluble solids of Al-
stroemeia cut flowers. Accordingly the main reason of increasing total solu-
ble solids of petal was presence of TDZ and BA in pulsing solutions. Cyto-
kinins are able to delay age-dependent decline of enzymes involved in pho-
tosynthetic and so enhance photosynthesis (Wingler et al. 1998) and pro-
mote carbohydrate metabolism (Mutui et al. 2001). Significant difference 
between TDZ and BA was attributed to having cytokinin-like activity and 
stability in plant tissues (Ferrante et al. 2002, Chamani et al. 2006). On the 
other hand sucrose reducing water loss by induces stomatal closure in the 
leaves. Also, sucrose extends the longevity of cut flowers by increasing 
fresh weight and carbohydrates supplement in floral tissue for metabolism 
and maintaining the respirable substrates in flowers (Eason et al. 1997, 
Ichimura et al. 1999, Ichimura et al. 2003, van Doorn 2001). 

Application of 8-HQS significantly increased water uptake and fresh 
weight. 8-HQS extended the vase life of Alstroemeria cut flowers, pre-
sumably by preventing the accumulation of microorganisms in xylem ves-
sels (Ichimura et al. 1999, Knee 2000) and maintenance of the hydraulic 
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conductance of stem (Ichimura et al. 1999). Furthermore TDZ prolonged 
vase life of cut Alstroemeria flowers by retarding fresh weight loss and in-
creasing water uptake that previously reported in some other studies 
(Chamani et al. 2006, Ferrante et al. 2005). 

 
 
CONCLUSION 
 
Results of this study suggest that, BA was able to prolong vase life of Al-
stroemeria cut flowers cv. Setpoint, but effect of TDZ was significantly 
more. TDZ was known to ineffective to extend time to petal abscission in 
Alstroemeria cut flowers, but in this study TDZ in combination with sucrose 
and 8-HQS not only reduced leaf yellowing but also delayed onset of petal 
abscission. Also this combination positively affected total soluble solids of 
petals, fresh weight and water uptake. However, more studies are neces-
sary to determine the effect of TDZ alone or in combination with the other 
materials.  
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