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The perishable nature of flowers urge for their appropriate post harvest management especially storage and packaging 
that keep the quality and potential vase life for better value. Gladiolus, commonly called as Sword lily, is a commercially 
important cut flower crop with elegant spikes, bright florets and good keeping quality. In the present study, we investigated 
the physiological and biochemical attributes affecting post harvest life of gladiolus spikes after packaging and storage. 
The spikes of four gladiolus cvs. Punjab Glance, Punjab Glad-1, Punjab Glad-2 and Punjab Pink Elegance were 
harvested at tight bud stage and packed in PP sleeves (25 µm) and stored vertically at 4-5°C for 6, 9 and 12 days. 
After storage, the post harvest quality of both packed and unpacked spikes declined with more adverse effect on 
unpacked spikes. Among different storage durations, the spikes stored for 9 days showed good keeping quality parameters 
viz., vase life, per cent flower opened, floret size, days to opening of basal floret, maximum number of florets open 
at one time and water absorbed per spike which were at par with spikes stored for 6 days. The spikes stored for 12 days 
were found to be unacceptable in comparison to freshly harvested spikes and spikes stored for 6 and 9 days. The improved 
quality of spikes stored in sleeves could be accounted due to higher membrane stability index, relative water content, 
catalase and peroxidase activity as compared to unpacked spikes. Thus, loss in quality of spikes as compared to fresh 
during storage up to 9 days in PP sleeves is better than the complete loss of produce during transportation and gluts.  
Hence, the spikes of gladiolus could be stored dry at 4±0.5°C in PP sleeves for 9 days without much influence on its post 
harvest quality.  
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Commercial floriculture is widening up its horizon 
and emerging as a profitable agro industry. India 
ranks 14th in exporting floriculture products and 
shares 0.4% in global floriculture exports in 20181. 
Earlier, the traditional flowers such as marigold, rose, 
jasmine and chrysanthemum were commercialised by 
floricultural industry in India, but now high economic 
importance of cut flowers such as gladiolus, 
carnation, gerbera, etc. on global scale had made them 
to come in forefront. Gladiolus is an important 
commercial cut flower especially known for its 
brilliant coloured florets. It is a flower of glamour and 
perfection with elegant spikes having wide array of 
colours, size and good keeping quality that leads to its 
versatile utility for decoration purposes. 

The post harvest management of cut flowers plays 
a determining role towards the net profitability of the 
produce. The post harvest loses from harvesting to 
marketing pose a major threat to the growers and this 

threat is due to perishable nature of fresh flowers. 
Market losses in the cut flower owing to inefficient 
post harvest storage and packaging are estimated 
around 20-40% at different levels from grower to 
consumer2. The flower senescence involving 
increased activity of hydrolytic and respiratory 
enzymes, imbalance of water relations, deterioration 
of macromolecules, etc marks the end of keeping 
quality3,4. Thus, post harvest management leading to 
improved post harvest quality of cut flowers is the 
major thrust area of floricultural research.  

Several studies pertaining to pre or post harvest 
application of plant growth regulators and chemicals 
have been done to improve the post harvest life of 
flowers5. But for retention of quality and regulation of 
supply of flowers in markets for better remunerative 
prices, packaging and storage methods need to be 
focused6. 

Among the different storage methods viz. refrigerated 
storage (wet or dry), controlled atmosphere and low 
pressure storage, refrigerated storage is the most 
widely practiced method as it extends the vase life of 
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flowers and widens the market window especially 
when production exceeds the demand. Refrigerated 
storage provides low temperature that lowers 
respiration rate and other metabolic activities in 
flowers, providing “time” for proper handling and 
marketing7. In dry refrigerated storage or modified 
atmosphere (MA) storage, the flowers are packed in 
water retentive plastic films at low temperature. This 
technology holds most promising among different 
post harvest technologies for transportation and 
storage of flowers8. For successful MAP of fresh 
flowers, it is necessary to use film of suitable 
permeability to gases like CO2, O2, water vapour, etc 
so that optimal Modified Atmosphere is reached in 
package that keeps a check on metabolic activities. 
The important polymeric sleeves used for packaging 
include polyethylene, polypropylene, polybutylene, 
polystyrene, ethylene vinyl acetate etc that have good 
water vapour barrier properties, relatively high gas 
permeability and favourable response to heat sealing9. 
Each of these materials had specific ranges of 
permeabilities of O2 and CO2

10. 
 

The increase in storage duration leads to decline in 
the post harvest quality of spikes and considerable 
variations in the response w.r.t. storage duration, 
packaging material and temperature by different 
species and cultivars have been reported11-13. But the 
studies pertaining to physiological and biochemical 
aspects influencing the post harvest quality of flowers 
during packaging and storage are mearge14. 

 

Thus, keeping in view the flourishing floricultural 
industry, constraints in post harvest management and 
importance of gladiolus among different cut flowers, 
we investigated the morpho-physiological and 
biochemical attributes influencing the post harvest 
quality of gladiolus spikes packed in polypropylene 
sleeves for different storage durations. The choice of 
using polypropylene sleeves was based on the results 
of our earlier study with packaging of gladiolus13.  
 
Material and Methods 

The plants of four gladiolus cultivars viz., Punjab 
Glance, Punjab Glad-1, Punjab Glad-2 and Punjab Pink 
Elegance were raised in the field area of the 
Department of Floriculture and Landscaping, Punjab 
Agricultural University, Ludhiana from the uniformly 
sized corms (3.5-4.0 cm diameter) following all 
recommended cultural practices. The spikes were 
harvested at tight bud stage (when 1-2 basal florets 
showed colour) to study the effect of modified 

atmosphere storage on post harvest quality of gladiolus 
spikes. The harvested spikes of different cultivars were 
divided into two groups. One group was sealed in 
polypropylene (PP) sleeves of 25 µ thickness without 
perforations and other group was kept unpacked. The 
results from our earlier study found PP sleeves to be 
better than LDPE (Low density polyethylene)13. Three 
spikes per replication and three replications for each 
treatment were stored vertically in cold room at 4-5°C 
for 6, 9 and 12 days. The permeability of PP sleeves for 
oxygen (O2) and carbon di oxide (CO2) at 5°C was 
6.52×10-6 and 29.46×10-6 mL-m/m2 h-kPa, respectively15. 
The freshly-harvested spikes served as control. Thus, 
there were 2 packaging treatments that included 
unpacked spikes and PP packed spikes and three 
storage treatments of 6, 9 and 12 days. After storage, 
the stems were kept in water for evaluation of keeping 
quality. The following observations were recorded: 

 

Days to opening of basal floret in vase  
The days taken for complete opening of basal floret 

were recorded from the day of placing the stored 
spikes in water. 

 

Vase life (days) 
Vase life was measured in days from the day of 

placing the stored spikes in water till the wilting of 
50% of total number of opened florets. 

 

Florets on the spike and their size 
The number of fully opened florets were counted 

daily throughout the duration of the experiment and 
expressed as per cent opening of florets on the spike. 
The maximum diameter of the 2nd fully opened floret 
from the base was measured in cm and expressed as 
floret size. The number of fully opened florets that were 
open before wilting of first floret was also recorded. 
 

In addition, the total volume of water absorbed by 
the spike till the end of vase life was also measured in 
mL and expressed as water absorbed per spike. 
 

The following physiological and biochemical 
parameters were recorded from tepals following 
mentioned standard methods. 
 

Membrane stability index (MSI) 
The tepals were excised from the florets and 

incubated in 25 mL of deionized water for 30 min at 
25°C16. The leakage of electrolytes into incubation 
medium was estimated by conductivity measurement 
using conductivity meter. The conductivity was again 
measured after boiling the samples for 30 min. The 
following formula was used to calculate membrane 
stability index (MSI): 
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MSI 1
C1
C2

 100 
 

Relative water content (RWC) 
The florets were kept in distilled water in a  

pre-weighed sealed test tube. The tubes were  
again weighed and the increased weight of the  
tubes was used to calculate fresh weight (FW).  
After 28 h, the saturated florets were again  
weighed to determine turgid weight (TW). Dry weight 
(DW) was then obtained after oven-drying at 70°C for 
48 h17 and RWC was calculated using following 
formula: 

FW DW
TW DW

100 

where FW is the fresh weight, TW is the turgor 
weight and DW is the dry weight of the florets. 

 

Catalase activity  
The enzyme was extracted and estimated following 

standard method given by Aebi18. Petal tissue was 
homogenized in 100 mM phosphate buffer (pH 7.0, 
containing 1% polyvinyl pyrrolidone). Enzyme 
extract (0.2 mL) was taken in a test tube and volume 
was made to 2.0 mL with the buffer. Reaction was 
started by addition of 30 mM H2O2 solution (1.0 mL). 
The decrease in absorbance was recorded after every 
10 s. interval at 240 nm on a UV spectrophotometer. 
The activity of catalase was expressed as change in 
absorbance min-1g-1 tissue. 

 

Peroxidase activity  
Peroxidase activity was determined by  

Shannon et al.19. The petals were homogenized in 
0.1M phosphate buffer. Enzyme was assayed from 
reaction mixture containing guaiacol in 0.1M phosphate 
buffer (3 mL) and enzyme extract (0.1 mL). Reaction 
was initiated by addition of 0.8M hydrogen peroxide 
(0.1 mL) and rate of change in absorbance was 
recorded at 470 nm after every 15 s for 3 min on 
spectrophotometer. The activity of peroxidase was 
calculated as change in absorbance min-1g-1 tissue. 

Statistical analysis  
The statistical design of the experiment was factorial 

completely randomized design (FCRD) in which storage 
duration and packaging were two factors. The data were 
subjected to analysis of variance (ANOVA) to evaluate 
difference between treatment means. Least significant 
difference (LSD) was used for all comparisons where 
significant F-probabilities (P ≤0.05) were found. Since 
different cultivars showed no significant results at 
different storage durations for different parameters and 
also the prime concern of the study was to find 
appropriate storage duration for gladiolus spikes for 
which they could be stored with acceptable quality, and 
hence, the mean value of four cultivars for particular 
parameter along with standard deviation was used for all 
comparisons20.  

 
Results 

The days to opening of basal floret is an important 
parameter determining the vase life of spikes. The 
freshly harvested spikes (without storage) took  
4.33 days to open their basal florets that declined to 
3.52, 3.03 and 0.54 days, respectively after 6, 9 and 
12 days of storage when packed in sleeves whereas 
corresponding values for unpacked spikes were 3.23, 
2.76 and 0.38 days, respectively (Table 1). A sharp 
decline from 4.33 days to 0.46 days to open basal 
floret was observed after 12 days of storage.  

 

The vase life of freshly harvested spikes of 
gladiolus was found to be 14.26 days. The storage 
duration significantly influenced the vase life. The 
vase life of spikes was 12.58 days after 6 days and 
11.96 days after 9 days of storage that were at par but 
significant decline to 7.37 days was observed after  
12 days of storage. The packaging of spikes 
significantly improved the vase life during storage as 
vase life of packed spikes was 11.84 days compared 
to 9.42 days of unpacked spikes (Table 1). From this, 
it could be further inferred that by storing spikes in PP 
packaging the life of spikes could be enhanced as 

Table 1 — Effect of duration of low temperature storage on days to opening of basal florets and vase life (days) of gladiolus spikes 
(Two way ANOVA followed by comparison of means with LSD) 

Storage duration 
(days, S) 

Days to opening of basal floret [Packing (P)] Vase life (days) [Packing (P)] 
Unpacked Packed Mean Unpacked Packed Mean 

6 #3.23±0.82 3.52±0.80 3.37 11.47±2.10 13.69±1.82 12.58b 

9 2.76±0.75 3.03±0.87 2.89 10.70±1.77 13.21±2.08 11.96b 

12 0.38±0.17 0.54±0.23 0.46 6.11±0.71 8.63±1.32 7.37a 

Mean 2.12a 2.36a  9.42a 11.84b  
 Control (0 day storage) = 4.33±0.84 Control (0 day storage) = 14.26±1.59 

LSD S= NS; P=0.71; S×P=NS S=1.79; P=1.46; S×P=NS 
[# a ± b; where a = mean of replicates of four cultivars and b = Standard Deviation of mean.  Different lower case letters in the 

vertical column represent significant differences between storage durations and in the horizontal row represent significant differences 
between packing treatments. NS = Non significant] 
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their post harvest life would be vase life plus the days 
of storage. Irrespective of varieties, the post harvest 
life of spikes enhanced by 8 days as for averaged control 
the vase life was 14.26 days and the corresponding 
value after 9 days of storage was 22.21 days (Fig. 1). 

 

The per cent opening of florets in freshly harvested 
spikes ranged from 57 to 71 in different treatments. 
The per cent opening of florets significantly declined 
with increase in storage duration (Table 2). The per 
cent of opened florets from freshly harvested spikes 
declined from 70.29 to 66.47 to 64.46 to 59.77, 
respectively after 6, 9 and 12 days of storage. The  
percent (%) of florets that opened after 6 and 9 days 
of storage were at par whereas significant decline was 
recorded after 12 days of storage. Packaging of spikes 
significantly improved the per cent opening of florets 
than unpacked spikes after different storage durations.  

 

The floret size showed significant decrease with 
increase in storage duration (Table2). The highest 

diameter of floret (9.29 cm) was recorded in control 
spikes which decreased to 6.17 cm after 12 days of 
storage. The floret size of packed spikes was about 8  
percent (%) higher than unpacked spikes irrespective of 
storage duration as fully expanded floret of packed 
spikes was 7.93 cm and of unpacked spikes was 6.70 cm. 

 

The maximum number of florets opened at one 
time is an important factor determining the quality of 
spikes. The data depicted that the storage duration 
significantly influenced the number of florets opened 
at one time (Table 3). The number of florets opened at 
one time declined by 61% after 12 days of storage as 
compared to control. The maximum number of florets 
opened at one time after 6 and 9 days of storage were 
at par but showed sharp decline after 12 days. The 
spikes packed in sleeves had significantly higher 
number of florets opened i.e. 4.58 as compared to 
3.59 for unpacked spikes.  

 

The water absorbed per spike also showed 
significant decline with increase in storage duration 
(Table 3). The freshly harvested spikes absorbed 
49.16 mL of water that declined to 41.12, 38 and 
29.06 mL after 6, 9 and 12 days of storage. The 
amount of water absorbed was at par after 6 and 9 
days but significant decline of 41% was recorded after 
12 days of storage as compared to control. The 
decline in absorption of water was pronounced in 
unpacked spikes than packed spikes during different 
storage durations. 

 

Tepals excised from florets of freshly harvested 
spikes exhibited higher membrane stability index of 
71.46. The MSI decreased with increase in the storage 
duration and was 66.62, 65.04 and 61.22 after 6, 9 and 
12 days of storage, respectively (Table 4). The tepals 
excised from florets of spikes stored for 9 days showed 
9% and for 12 days showed 14% decline in MSI as 
compared to control spikes. The MSI of tepals from 

 
 

Fig. 1 — Effect of different storage durations (6, 9 and 12 days)
on postharvest life of spikes packed in PP sleeves as compared to
fresh spikes (0 days). The bars represent the means 3 replicates of
particular variety ± standard errors. The markers in line graph
depicts mean of four varieties ± standard errors and different
alphabets in lower case represents significant difference in
postharvest life after different storage durations. 

Table 2 — Effect of duration of low temperature storage on per cent opening of florets and floret size (cm) of gladiolus spikes (Two 
way ANOVA followed by comparison of means with LSD) 

Storage 
duration  
(days, S) 

Percent opening of florets [Packing (P)] Floret Size (cm) [Packing (P)] 

Unpacked Packed Mean Unpacked Packed Mean 

6 64.96 (#46.44±1.92) 67.98 (55.54±2.14) 66.47b(50.98) 7.68±0.44 8.82±0.54 8.25b 

9 62.57 (45.81±2.03) 66.34 (54.53±1.99) 64.46b(50.17) 6.99±0.56 8.09±0.35 7.54b 

12 57.84 (43.45±2.47) 61.69 (51.76±2.38) 59.77a(47.60) 5.44±0.68 6.90±0.45 6.17a 

Mean 61.79a(45.23) 65.34b (53.95)  6.70a 7.93b  
 Control (0 day storage) = 70.29 (56.97±1.83) Control (0 day storage) = 9.29±0.70 

LSD S= 1.84; P=1.51; S×P=NS S=0.79; P=0.54 ; S×P=NS 
[# a ± b; where a = mean of replicates of four cultivars and b = Standard Deviation of mean. # Different lower case letters in the 

vertical column represent significant differences between storage durations and in the horizontal row represent significant differences 
between packing treatments.  Values in parentheses indicate arc sine transformations for per cent values.   NS = Non significant ] 
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packed spikes was 66.82 that declined significantly to 
61.78 for tepals from unpacked spikes. 

 

The relative water content (RWC) assesses the water 
deficit stress. Like MSI, the relative water content was 
high in tepals of freshly harvested spikes (Table 4). The 
RWC declined significantly with increase in storage 
duration. Among different storage durations, a 
significant decline in RWC of tepals after 12 days of 
storage was recorded whereas RWC after 6 and 9 days 
were at par. The RWC of tepals after 12 days of storage 
declined by 24% as compared to control. The tepals 
excised from packed spikes had significantly higher 
RWC (9%) as compared to unpack. 

Catalase (CAT) is an antioxidant enzyme  
whose activity indicates the ameliorative effect on 
oxidative stress. The catalase activity revealed a 
steady increase from 0 to 12 days of storage in both 
packed and unpacked spikes (Table 5). The fresh 
spikes had least of CAT activity of 0.66 mmol H2O2 
hydrolyzed min-1 g-1 FW that significantly increased 
to 1.21, 1.44 and 1.71 mmol H2O2 hydrolyzed min-1g-1 
FWafter 6, 9 and 12 days of storage, respectively. 
Further, packaging significantly influenced CAT 
activity as it was recorded to be significantly higher 
(27%) in tepals of unpacked spikes than packed 
spikes. 

 

Table 3 — Effect of duration of low temperature storage on maximum number of florets open at one time and total water 
absorbed/spike (mL) of gladiolus (Two way ANOVA followed by comparison of  means with LSD) 

Storage 
duration  
(days, S) 

Maximum number of florets open at one time [Packing (P)] Total water absorbed/spike (mL) [Packing (P)] 

Unpacked Packed Mean Unpacked Packed Mean 

6 #4.77±0.68 5.58±0.53 5.17b 38.25±4.46 43.99±3.78 41.12b 

9 4.11±0.73 5.14±0.68 4.62b 35.20±4.88 40.81±5.18 38.00b 

12 1.90±0.25 3.03±0.52 2.46a 26.46±2.29 29.42±1.70 29.06a 

Mean 4.58b 3.59a  33.30a 38.82b  
 Control (0 day storage) = 6.32±0.53 Control (0 day storage) = 49.16±4.10 

LSD S=0.62; P=0.50 ; S×P=NS S=4.13; P=3.37 ; S×P=NS 
[# a ± b; where a = mean of replicates of four cultivars and b = Standard Deviation of mean. # Different lower case letters in the 

vertical column represent significant differences between storage durations and in the horizontal row represent significant differences 
between packing treatments. NS = Non significant] 

 

Table 4 — Effect of duration of low temperature storage on membrane stability index and relative water content in tepals of gladiolus 
spikes (Two way ANOVA followed by comparison of means with LSD) 

Storage 
duration (days, 

S) 

Membrane Stability Index [Packing (P)] Relative water content [Packing (P)] 

Unpacked Packed Mean Unpacked Packed Mean 

6 #64.42±5.76 68.88±5.14 66.62 64.42±2.81 70.45±3.23 67.44c 

9 62.58±5.73 67.50±5.30 65.04 60.84±2.94 66.38±4.18 63.61b 

12 58.36±5.95 64.07±5.00 61.22 54.53±4.47 61.10±3.89 57.81a 

Mean 61.78a 66.82b  59.93a 65.98b 61.78a 

 Control (0 day storage) =71.46±5.10 Control (0 day storage) = 75.8±3.13 
LSD S= NS; P=4.71 ; S×P=NS S=3.80; P=3.12 ; S×P=NS 

[# a ± b; where a = mean of replicates of four cultivars and b = Standard Deviation of mean. # Different lower case letters in the 
vertical column represent significant differences between storage durations and in the horizontal row represent significant differences 
between packing treatments. NS = Non significant] 
 

Table 5 — Effect of duration of low temperature storage on catalase activity (mmol H2O2 hydrolyzed min-1g-1 FW) and Peroxidase 
activity (ΔA min-1g-1 FW) in tepals of gladiolus spikes 

Storage 
duration  
(days, S) 

Catalase activity (mmol H2O2 hydrolyzed min-1g-1 FW) 
[Packing (P)] 

Peroxidase activity (ΔA min-1g-1 FW) 
[Packing (P)] 

Unpacked Packed Mean Unpacked Packed Mean 
6 #1.34±0.11 1.09±0.07 1.21a 6.22±0.19 5.37±0.28 5.80a 

9 1.65±0.20 1.24±0.09 1.44b 7.55±0.12 6.71±0.13 7.13b 

12 1.91±0.08 1.50±0.05 1.71c 8.67±0.29 7.71±0.16 8.19c 

Mean 1.63b 1.28a  7.48b 6.60a  
 Control (0 day storage) = 0.66±0.06 Control (0 day storage) = 4.25±0.06 

LSD S= 0.11; P=0.09; S×P=NS S=0.22; P=0.18; S×P=NS 
[# a ± b; where a = mean of replicates of four cultivars and b = Standard Deviation of mean. # Different lower case letters in the 

vertical column represent significant differences between storage durations and in the horizontal row represent significant differences 
between packing treatments. NS = Non significant] 
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The peroxidase (POX) activity was low in the 
tepals of freshly harvested spikes. However, the 
activity increased significantly with increase in 
storage duration (Table 5). The POX activity of tepals 
excised from spikes after 12 days of storage was 8.19 
ΔA min-1g-1 FW in comparison to 4.25 ΔA min-1g-1 
FW of fresh tepals. The tepals of unpacked spikes 
exhibited 13% higher POX activity than packed 
spikes irrespective of storage durations.  

 
Discussion 

The appropriate post harvest management that 
involves packaging and storage of gladiolus spikes 
help in regulating the marketing of cut flowers during 
glut i.e. when production exceeds the demand. 
Further, low temperature during storage reduces both 
plant metabolic processes and microbial growth rate21. 
Appropriate packaging of cut flowers for optimum 
storage duration offers advantage of extending vase 
life and maintaining flower quality. The gladiolus 
spikes packed in PP sleeves offered modified 
atmospheric (MA) storage that delayed the opening of 
basal florets during storage and decreased the days to 
opening of basal florets after storage (Table 1). The 
vase life of a spike initiates with opening of basal 
floret. Significant delay in opening may lead to failure 
in opening of buds and too early opening may shorten 
the vase life due to early senescence. Hence, opening 
of basal floret at appropriate time adds to the vase life 
of spikes. The florets exhibited decreased metabolic 
activity during MA storage which did not enable the 
florets to expand22. The delayed floret opening during 
MA storage is advantageous because spikes with 
unopened florets can be easily transported as such 
buds are less prone to damage during transport.  

 

Increase in storage duration leads to decline in the 
ability of the flower buds to open and decline in vase 
life (Table 1). The precise mechanism for storage-
induced decline in vase life is not yet fully understood 
but increased sensitivity to ethylene and loss of 
membrane permeability after storage could be some 
of the causes which have been reported to shorten 
post storage vase life of flowers23. The decline in vase 
life of different cut flowers viz. tulip24, lilies25 and 
nine specialty cut flower species26 has been reported 
earlier. 

 

After storage the flowers buds lose the ability to 
open and the effect increases with increase in the 
duration of storage27. This was concomitant with our 
results as the per cent of floret opening and floret size 

decreased with increase in storage duration (Table 2). 
This could be accounted to high level of starch and 
low levels of soluble sugars in the spikes at tight bud 
stage due to which upper florets fail to expand or 
completely expand leading to low percentage of floret 
opening28. The reduction in floral bud opening and 
floret size might be due to decline in content of 
soluble sugars, increased sensitivity to ethylene and 
production of toxic metabolites by various metabolic 
processes that continue during storage and contribute 
to poor post storage opening of the buds29. 

 

Freshly harvested spikes absorbed maximum water 
whereas significant decline in amount of water 
absorbed was recorded with increase in storage 
duration (Table 3). This decrease has been ascribed to 
microbial growth in vase water or on stem surface or 
air embolism of xylem tissues30. The membrane 
deterioration continues during storage and decrease 
becomes more pronounced with increase in duration 
of storage as indicated by decrease in MSI during 
storage from 6 to 12 days (Table 5). The loss of 
membrane integrity during storage supports decreased 
ability of florets to open, floret size and vase life as 
recorded in our results. The young and expanding 
tepals have greater capacity to retain water which 
accounts for their high relative water content31. As 
with increase in storage duration, the amount of water 
retained decline and there is loss of membrane 
integrity also as reported in our results, a steady 
decline was observed in RWC.  

 

The eventual ion leakage due to loss of membrane 
permeability can be used to determine the extent of 
tissue damage32. This tissue damage involves free 
radicals and activated oxygen species which up 
regulate the antioxidant defence system. The 
antioxidant enzymes such as CAT and POX are 
considered as an adaptive response to defend cells 
against oxidative stress33. The increased activity of 
both enzymes with increase in storage duration in our 
study explains the higher extent of oxidative stress 
leading to tissue damage or senescence that leads to 
decline in post harvest quality of spikes with increase 
in storage. 

 

The improvement in quality of spikes packed in PP 
sleeves in terms of different quality parameters viz., 
vase life, days to opening of basal florets, floret size, 
per cent opened florets, maximum number of florets 
open at one time after all storage durations was 
observed in comparison to spikes stored unpacked. 
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Further, various physiological and biochemical 
attributes viz., membrane stability index, relative 
water content, catalase and peroxidase activities and 
total water absorbed also supported the above results 
as there was decreased MSI, RWC and total water 
absorbed with increase in storage duration. Further, 
increased activity of antioxidant enzymes with 
increase in storage duration supported decreased MSI 
and RWC.  

 

The peroxidase enzyme play a key role in 
scavenging of reactive oxygen species (ROS) by 
regulating the levels of peroxide hydrogen (H2O2) 
produced in plant cells thereby, preventing its contact 
with superoxide and formation of hydroxyl radicals34. 
The improved quality of packed spikes in different 
polymeric sleeves has also earlier been reported for 
gladiolus13 and gerbera and liliums35, etc. The 
enhanced bud opening in cut flowers is associated 
with high cell turgidity36 and upregulation of optimum 
metabolic activities with high petal sugar status37. The 
higher number of floret opening in packed spikes 
could be attributed to turgidity of the spikes on 
account of higher water uptake and optimum cell 
metabolism with sustainable levels of carbohydrates 
in florets.  

 

The improvement in quality after packaging in 
polymeric sleeves might be due to the modified 
internal atmosphere with high CO2, low O2 and high 
relative humidity within the package due to 
respiration of spikes and low permeability of sleeves 
to gas38,39. The packaging also minimizes respirational 
loss of carbohydrates and transpirational loss of water 
that reduces depletion of stored food and supplies 
adequate energy to the florets for successful opening 
and to be larger in diameter40. This is in concomitant 
with our findings where florets packed in sleeves  
have higher per cent of floret opening and diameter 
than unpacked spikes (Table 2). Similar effects of 
improved bud opening with modified atmosphere 
packaging have been reported by Meir et al.41 in 
gladiolus. The more stored food and higher moisture 
retention in the packed spikes during storage helps to 
maintain turgidity of spikes that extends its vase life. 
The results are in alignment with earlier reports in 
chrysanthemum42 and gladiolus13. 

 
Conclusion 

The physiological and biochemical aspects 
influenced the post harvest quality of flowers during 
packaging and storage. The quality of spikes stored in 

Polypropylene (PP) sleeves was better than the spikes 
kept unpacked for all storage durations and increase 
in storage duration decreased the post harvest quality, 
physiological and biochemical parameters in both, the 
packed and unpacked spikes. The vase life of packed 
spikes as well as other quality parameters viz. per cent 
floret opening, floret size, maximum number of 
florets opened at one time and amount of water 
absorbed were at par after 6 and 9 days of storage. 
The spikes after 12 days of storage were found to be 
unacceptable whereas spikes after 6 and 9 had 
comparable quality to fresh spikes. Although vase life 
and other quality parameters of freshly harvested 
spikes were higher than stored and packed spikes but 
storage of spikes for 9 days gave an additional benefit 
to growers for management of spikes. Thus, the minor 
loss in quality of spikes as compared to fresh spikes 
during storage up to 9 days in PP sleeves is better than 
the complete loss of produce during transportation 
and gluts. So, the spikes of gladiolus could be stored 
dry at 4±0.5°C in PP sleeves for 9 days without much 
influence on its post harvest quality (Fig. 2).  

 
Conflicts of interest  

Authors declare no competing interests. 
 

References 
1 Anumala NK & Kumar R, Floriculture sector in India: 

current status and export potential. J Hortic Sci Biotechnol, 
96 (2021) 1. 

2 Dole JM, Carlson AS, Crawford BD & McCall IF, Vase life 
of new cut flowers. Acta Hortic, 1000 (2013) 63.  

3 Rani P & Singh N, Senescence and Postharvest Studies of 
Cut Flowers: A Critical Review. Pertanika J Trop Agric Sci, 
37 (2014) 159.  

4 Reid MS & Jiang CZ, Postharvest biology and technology of 
cut flowers and potted plants. Hort Rev, 40 (2012) 1. 

5 Sasikumar K, Baskaran V & Abirami K, Effect of pinching 
and growth retardants on growth and flowering of marigold 
cv. Pusa Narangi Gainda. J Hort Sci, 10 (2015) 109. 

6 Soleimany E, Hemmat K & Khaligh A, Improving the 
keeping quality and vase life of cut Alstroemeria flowers by 
pre and post-harvest salicylic acid treatments. Not Sci Biol, 5 
(2013) 364. 

7 Singh K, Kumar G, Saha TN & Kumar R, Post harvest 
technology of cut flowers. DFR Bull. No. 6. (Directorate of 
Floriculture Research, ICAR, New Delhi), 2012, Pp. 56. 

8 Zeltzer S, Mier S & Mayak S, Modified atmosphere 
packaging for long term shipment of cut flowers. Acta 
Hortic, 553 (2001) 631. 

9 Smith JP, Ramaswamy HS, Ranganna B & Raghavan GSV, 
Packaging of fruits and vegetables, Handbook of postharvest 
technology: cereals, fruits, vegetables, tea, and spices (Eds.: 
Chakraverty A, Mujumdar AS, Raghavan GSV & 
Ramaswamy H; Marcel Dekker Inc., New York, USA), 2003, 
539–554. 



INDIAN J EXP BIOL, JANUARY  2022 
 
 

48 

10 Del-Valle V, Almenar E, Lagaron JM, Catala R & Gavara R, 
Modelling permeation through porous polymeric films for 
modified atmosphere packaging. Food Addit Contam, 20 
(2003) 170. 

11 Celikel FG & Reid MS, Temperature and postharvest 
performance of rose (Rosa hybrida L. ´First Red´) and 
gypsophila (Gypsophila paniculata L. ´Bristol Fairy´) 
flowers. Acta Hortic, 682 (2006) 1789. 

12 Baskaran V, Janakirasm T & Jayanthi R, Evaluation of post 
harvest quality of some cultivars of chrysanthemum petals. 
Plant Sci, 129 (2010) 157. 

13 Jhanji S & Dhatt KK, Effect of modified atmosphere 
packaging and storage duration on keeping quality of 
gladiolus spikes. Indian J Hortic, 74 (2017) 596. 

14 Attri LK, Nayyar H, Bhambra RK & Pahwal A, Pollination–
induced oxidative stress in floral organs of Cymbidium 
pendulum (Roxb.) Sw. and Cymbidium aloifolium (L.) Sw. 
(Orchidiaceae), A biochemical investigation. Scientia Hort, 
116 (2018) 311. 

15 Rai DR, Gas permeability assessment of packaging films, 
In: 'Smart Packaging Techniques for Shelf Life 
Enhancement and Retention of Bioactive Compounds in 
Food' at National Training Course held at CIPHET, 
Ludhiana from Oct. 11-24, 2011), 27-32. 

16 Premchander GS, Saneoka H & Ogata S, Cell  
membrane stability, an indicator of drought tolerance as 
affected by applied nitrogen in soybean. J Agric Sci, 115 
(1990) 63. 

17 Weatherly PE, Studies on the water relations of the cotton 
plant. I. The field measurement of water deficits in the 
leaves. New Phytol, 49 (1950) 81. 

18 Aebi HE, Catalase in vitro. In: Methods of Enzymatic 
Analysis (Ed. Bergmeyer HV;Velar Weinheim),1983, 273. 

19 Shannon LM, Kay E & Lew JY, Peroxidase isozymes  
from horse radish roots: Isolation and physical properties.  
J Biol Chem, 241 (1966) 2166. 

20 Singh S, Bansal ML, Singh TP & Kumar R, Statistical 
Methods for Research Workers. (Kalyani Publishers, New 
Delhi), 2001. 

21 Redman BP, Dole JM, Maness MO & Anderson JA, 
Postharvest handling of nine speciality cut flower species. 
Scientia Hort, 92 (2002) 293. 

22 Singh K, Arora JS & Bhattacharjee SK, Postharvest  
handling of Cut Flowers. Tech Bull No. 10. (All India 
Research Project on Floriculture, IARI, New Delhi), 2001, 
Pp 39. 

23 Tripathi SK & Tuteja N, Integrated signaling in flower 
senescence: An overview. Plant Signal Behav, 6 (2007) 437. 

24 Aros D, Orellana K & Escalona V, Modified atmosphere 
packaging as a method to extend postharvest life of tulip 
flowers, New Zeal J Crop Hort, 45 (2017) 202. 

25 Han SS & Miller JA, Role of ethylene in postharvest quality 
of cut Oriental lily ‘Stargazer’. Plant Growth Regul, 40 
(2003) 213. 

26 Redman P, Dole JM, Maness N & Anderson A, Postharvest 
handling of nine specialty cut flower species. Sci Hortic, 92 
(2002) 293. 

27 Singh K, Singh PJ & Arora JS, Studies on wet refrigerated 
storage of gladiolus spikes. In: Floriculture Research Trends 
in India, (Indian Society of Ornamental Horticulture, IARI, 
New Delhi), 2002, 256. 

28 Mittal I & Jhanji S, Evaluation of sodium nitroprusside  
(NO donor) as pulsing solution in improving post  
harvest quality of gladiolus spikes. Indian J Exp Biol, 59 
(2021) 467. 

29 Zencirkiranm M & Menguc A, Cold storage of Alstroemeria 
pelegrina Ostara New Zealand. J Crop Hort Sci, 31 (2003) 
255. 

30 Bhattacharjee SK & De LC, Postharvest Technology of 
Flowers and Ornamental Plant,. (Pointer Publishers, Jaipur), 
2006, 440. 

31 Nowak J & Rudnicki RM, Post harvest handling and storage 
of cut flowers. Florists greens and potted plants. Chapman 
and Hall, London, 1990. 

32 Leverentz M, Wagstaff C, Rogers H, Stead A, Chanasut U, 
Silkowski H, Thomas B, Weichert H, Feussner I &  
Griffiths G, Characterisation of a novel lipoxygenase-
independent senescence mechanism in Alstroemeria 
peruviana floral tissue. J Plant Physiol, 130 (2002) 273. 

33 Zhou Q, Ma C, Cheng S, Wei B, Liu X & Ji S, Changes in 
antioxidative metabolism accompanying pitting development 
in stored blueberry fruit. Postharv Biol Technol, 88 (2014) 
88. 

34 Liu C, Liu Y, Guo K, Fan D, Li G, Zheng Y, Yu L & Yang R, 
Effect of drought on pigments, osmotic adjustment and 
antioxidant enzymes in six woody plant species in karst 
habitats of southwestern China. Environ Exper Bot, 71 
(2011) 174. 

35 De Pascale S, Maturi T & Nicolais V, Modified atmosphere 
packaging for preserving gerbera, lilium and rosa cut 
flowers. Acta Hortic, 682 (2005) 1145. 

36 Torre S, Borochos A & Halevy AH, Calcium  
regulation of senescence in rose petals. Physiol Plant, 107 
(1999) 214. 

37 Mittal I, Jhanji S & Dhatt KK, Efficacy of sodium 
nitroprusside, a nitric oxide donor, on vase life and 
postharvest attributes of gladiolus spikes. Acta Physiol Plant, 
43 (2021) 108.  

38 Farber JN, Harris LJ, Parish ME, Beuchat LR, Suslow TV, 
Gorney JR, Garrett EH & Busta FF, Microbial safety of 
controlled and modified atmosphere packaging of fresh  
and fresh cut produce. Compr Rev Food Sci Food Saf, 2 
(2003) 142. 

39 Archana J, Girwani A, Reddy VV & Goud CH,  
Effect of different packaging materials and storage 
temperatures on storage life of Tuberose (Polianthes 
tuberosa L.) cv. Bidhan Rajini–1. Int J Curr Microbiol App 
Sci, 8 (2019) 2375. 

40 Lin X, Li H, Lin S, Xu M, Liu J, Li Y & He S, Improving the 
postharvest performance of cut spray ‘Prince’ carnations by 
vase treatments with nano-silver and sucrose. J Hortic Sci 
Biotechnol, 94 (2019) 513. 

41 Meir S, Philosoph HD, Michaeli R, Davidson H,  
Fogolman M, Fjeld T & Stomme E, Improvement of the 
keeping quality of mini gladiolus spikes during prolonged 
storage by sucrose pulsing and modified atmosphere 
packaging. Acta Horti, 405 (1995) 335. 

42 Bhat A, Tripathi SN & Sehgal OP, Effect of pulsing, packing 
and storage treatment on vase life of chrysanthemum cut 
flowers. In: Advances in Horticulture and Forestry, vol. 6, 
(Ed. Singh SP; Scientific Publishers, Jodhpur, Rajsthan, 
India), 1999, 125. 

 


