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Storage of flowers is essential for economic marketing. A laboratory trial was
conducted to study the shelf life of marigold under West Bengal condition.
Flowers of Bidhan 1, Bidhan 2 and Bidhan 3 were stored with four packaging
materials like gunny bags, nylon mesh bags, bamboo baskets and plastic baskets,
during early winter, mid winter and late winter season. The study revealed that
shelf life of loose marigold flowers stored during mid winter season (18-20 ° C
and 60 to 75% RH) in plastic baskets could be extended for 12 days in Bidhan 3,
with acceptable marketable quality.

Introduction

The state of West Bengal ranks 2™ in area
(6.17 Thousand Ha) and 3" in loose marigold
flower production (52.07 Thousand Metric
Tonnes) in the country (NHB, 2012)).
Marigold (Tagetes erecta L.) is one of the
most important crops for the marginal farmers
of West Bengal, who are able to earn Rs.
40,000/- per ha within four months (Anon,
2007). Uniformity in size and shape are the
prime important factors for which marigold
cultivars from West Bengal, mainly used as
chains, are transported across the nation.

Storage of flowers is an essential part for
orderly marketing and extension of shelf life.
To meet the market demand on time, storage
is needed to avoid glut and price fluctuation.

Appropriate methods for storing flowers even
for short term are essential to provide solution
during unforeseen circumstances. Focused
group discussion with different stakeholders
of marigold growers revealed that highest
demand of loose marigold flowers in West
Bengal was during October to February,
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catering the festive season, when short term
storage (say a week) can offer the possibility
to earn more and resist unwanted losses.
Therefore, investigation on storage life of
marigold was carried out during this period
(early winter, mid winter and late winter) to
increase the shelf life of marigold by using
different packaging materials.

Materials and Methods

The experiment was conducted with three
different cultivars, viz. Bidhan 1, Bidhan 2
and Bidhan 3, which were the varieties of
Bidhan Chandra Krishi Viswavidyalaya
(BCKV) Mohanpur, Nadia, West Bengal.
Bidhan 1 was a cross between Siracole (local
cultivar) and Pusa Arpita, Bidhan 2 was
selected from Siracole and another improved
local selection (Anonymous, 2007) was
Bidhan 3.

Flowers were harvested at three different
seasons i.e. early winter (Oct), mid winter
(Dec) and late winter (Feb) and subsequently
stored with different packaging materials
(Gunny bag, nylon mesh bag, bamboo basket
with cover and plastic basket with cover)
during two consecutive years of 2011-12 and
2012-13, at the Laboratory of Post harvest
Technology of Horticultural Crops, BCKV.
Same dimensions (13cmx18cmx84 cm) were
maintained in case of all the packaging
materials.

Flowers were harvested at 80-100% matured
stage. The temperature measured in Celsius
scale and relative humidity measured by
hygrometer inside the laboratory during the
experiments were recorded and presented in
table 1. Data pertaining to freshness of
flowers, percent weight loss, dry matter
content and carotenoid content (Ranganna,
2000) of the petals of marigold were observed
in all the three different seasons after storage.
Data were analyzed by factorial CRD by
software SPSS.

Results and Discussion
Shelf life

Our experiment revealed that loose marigold
flowers could be stored up to 12 days when
packed in perforated plastic baskets with
cover during mid winter season (Table 2).
Control (i.e. without packaging) flowers had a
shelf life of barely 6 days. Interaction among
different factors like packaging materials,
varieties and harvesting seasons varied
significantly (Fig. 1) which exerted a
profound influence on the shelf life of loose
marigold flowers. Storing flowers under 18-
20 ° C and 60 to 75% RH (mid winter) was
found to extend the shelf life of loose
marigold flowers for extra 4-5 days (Fig. 1),
compared to early winter (20-22°C and 70 to
100% RH ) and late winter(23-25°C and 75 to
90% RH). The potentiality of lower
temperature in extending the postharvest life
of flowers has been -earlier documented
(Walters, 1966; Bose and Raghava, 1975),
which explained that lower temperature
helped to check the respiration rate and could
maintain sufficient amount of carbohydrate
pool needed for extending storage life. Also,
packaging materials like plastic baskets with
cover, facilitated air flow to create a modified
atmospheric condition, a necessary pre-
requisite for increasing the shelf life.

Physiological loss in weight (PLW)

Temperature and relative humidity were the
prime determinants of weight loss (PLW). It
had a strong positive correlation with
temperature and negatively correlated with
relative humidity in all the cases (Table 3).
Loose marigold flowers without packaging
showed maximum loss in weight after storage
in Bidhan 3 during early winter (O1V3Ts)
while minimum loss in weight was noted in
Bidhan 2 packed in plastic baskets with cover
during mid winter (O,V,Ty), after 2nd and 4th
day of storage (Table 4). The significant
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influence on PLW of the flowers was
supported by earlier workers who mentioned
that moisture content, relative water content
and membrane integrity at favourable levels
could delay the wilting of flowers (Ahmad et
al., 2011). Increase in PLW lead to decline in
fresh  weight of flowers, which were
expressed visually as senescing symptoms
such as wilting of flowers (Nichols, 1966).
Increased temperature enhanced the loss of
water from the floral parts which lead to
reduced flower weight. If the storage
environment was more humid, the loss of
water from floral parts would have been less
because of high vapour pressure. Therefore,
humid environment (created in plastic
baskets, bags etc.) with lower temperature
would minimize the loss of flower weight
(Hemalatha et al., 2000).

Freshness of flower

Maximum freshness was recorded in Bidhan
2 variety packed in plastic baskets with cover
during mid winter (O,V,T,) at 2, 4, 6 and 8
days after storage (Table 4). Variation in
weight loss and freshness of flowers during
different seasons might be attributed to the

lower rate of respiration of the varieties due to
lower temperature during mid winter
(December) as compared to other seasons.
Lower rate of respiration was associated with
slower rate of other enzymatic activities and
subsequent delay in senescence processes
(Bhattacharjee, 2001). The rate of respiration
is positively correlated with  storage
temperature. Plastic baskets with cover acted
as a barrier for loss of moisture resulting in
higher relative humidity in the vicinity of the
flowers and thereby less moisture loss
through  transpiration (Leopold  and
Kriedemann, 1975). Thus, rate of respiration,
transpiration, ethylene production and entire
metabolism of the flower tissues were
retarded as a whole, facilitated by low
temperature (mid winter) during storage and
exhibited by better freshness of flowers.

Dry matter content

Dry matter content of loose marigold flowers
showed a gradual decline throughout the
storage period (Table 2). Maximum dry
matter of loose marigold flowers were noted
in Bidhan 2 during mid winter, packed in
plastic basket with cover (O,V,T,) at 2, 4, 6
and 8 days after storage.

Table.1 Variation in room temperature (°C) and relative humidity (%) in the laboratory during
early winter (October), mid winter (December) and late winter (February) for 2011 and 2012

Season of Temperature (°C) RH (%)
Observation
October 2011 2012 2011 2012
2DAS 19.0 22 75 68
4 DAS 20.5 20 84 71
6 DAS 21.0 21 100 76
8 DAS 20.0 21 81 80
December
2 DAS 18 20 70 75
4 DAS 18.7 19 74 60
6 DAS 18.6 19 72 60
8 DAS 18.3 20 62 68
Febuary
2 DAS 23.3 24 84 87
4 DAS 23.5 25 85 85
6 DAS 23.7 25 84 78
8 DAS 23.9 25 90 76
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Table.2 Shelf life (days), Physiological loss in weight (%), Freshness of loose marigold flowers (on 9 point hedonic scale), Dry matter
content (%) and Carotenoid content (ug/g) of loose marigold flowers at different days after storage as affected by different packaging
materials, seasons of observations and varieties

Shelf life Physiological loss in weight (%) Freshness Dry matter content (%) Carotenoid content (Lg/g)
Treatment pas | DAs | DAs | DA | Das | Das | DAs | DAs | DAs | DAs | DAs | pas | 2DPAS | 4DAS | 6DAs 8 DAS
T1 9.00 8.68 14.29 22.72 27.85 7.00 6.22 5.64 5.42 57.05 49.24 39.79 35.79 | 1176.78 | 1128.22 | 1023.49 963.47
T, 9.97 7.27 12.74 20.15 22.32 7.62 7.06 6.51 6.00 61.3 5224 | 4429 | 43.61 | 1210.18 | 1129.87 | 1037.82 1005.21
Ts 10.97 6.33 11.04 15.77 16.69 8.26 7.65 7.15 6.75 64.07 56.91 50.67 43.46 | 1288.06 | 1170.9 1047.59 1005.20
Ts 12.00 4.38 8.69 12.4 14.16 8.75 8.25 7.75 7.46 69.16 61.58 54.81 | 49.85 | 1330.94 | 1221.08 | 1096.97 1040.29
Ts 7.67 9.69 16.52 26.05 33.14 5.81 4.97 4.44 4.42 54.75 47.41 39 37.20 | 1147.34 | 1070.3 1009.03 956.50
SEm (z) 0.055 0.026 0.044 0.1 0.150 | 0.048 0.048 0.048 | 0.059 0.215 | 0.215 0.216 | 0.284 0.28 0.28 0.28 0.55
(Pz%I.DOS) 0.154 0.072 0.123 0.278 0419 | 0134 | 0.134 | 0.134 | 0.165 0.599 | 0.599 0.601 | 0.793 0.78 0.78 0.78 154
Seasons of Observation (O)
0, 10.23 8.45 10.36 16.16 21.84 7.42 6.75 6.40 5.73 59.06 55 48.76 4151 | 1213.61 | 1128.69 | 1045.91 977.56
0O, 11.27 3.22 8.05 15.79 23.82 7.92 7.37 6.90 6.28 70.36 60.9 50.28 | 42.46 | 1254.71 | 1164.8 | 1095.42 1010.71
O, 8.27 10.14 19.55 26.3 - 7.13 6.38 5.59 - 54.38 44.52 38.1 - 1223.66 | 1138.74 | 987.61 -
SEm (z) 0.111 0.02 0.034 | 0.077 0.095 | 0.037 0.037 0.037 0.037 0.167 | 0.167 0.167 | 0.179 0.22 0.22 0.22 0.34
(P=COI.305) 0.384 0.056 0.095 | 0.214 0.265 | 0.103 0.103 0.103 | 0.103 0.465 | 0.465 0.465 | 0.500 0.6 0.6 0.6 0.97
Variety (V)
\i 9.67 6.26 11.15 16.62 21.16 7.05 6.35 5.83 5.55 62.31 54.73 47.78 42.19 | 1089.07 | 1052.28 | 965.17 919.17
V, 9.63 6.97 12.46 19.81 23.42 7.60 6.93 6.38 6.1 62.56 54.42 45 41.60 | 1267.68 | 1161.01 | 1044.87 1006.56
Vs 10.47 8.58 14.35 21.83 23.92 7.81 721 6.68 6.38 58.93 51.28 | 4437 | 42.16 | 1335.24 | 1218.94 | 1118.9 1056.68
SEm (2) 0.043 0.02 0.034 0.077 0.117 0.037 0.037 0.037 0.046 0.167 0.167 0.167 0.220 0.217 0.217 0.217 0.42
(P=CO|.305) 0.120 0.056 0.095 | 0.214 0.326 | 0.103 0.103 0.103 | 0.128 0.465 | 0.465 0.465 | 0.614 0.604 0.604 0.604 1.19

T1: Gunny bags; T»: Nylon mesh bags; Ts: Bamboo baskets with cover (perforated); T,: Plastics baskets with cover (perforated); Ts: Control
O,: Early winter; O,: Mid winter; O: Late winter; V: Bidhan 1; V,: Bidhan 2; V3: Bidhan 3
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Table.3 Impact of storage environment on Physiological loss in weight for 2011, 2012 and pooled data

PLW2 PLW4 PLW6 Temp2 Temp4 Temp6 RH2 RH4 RH6

PLW2 Pearson Correlation 1 822" 7357 3357 285" 199 7217 -736" -523"
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000

N 360 360 360 360 360 360 360 360 360

PLW4 Pearson Correlation 822" 1 843" 5727 553" 4057 -.689" -738" -.554"
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000

N 360 360 360 360 360 360 360 360 360

PLW6 Pearson Correlation 7357 843”7 1 5517 554" 433" -.492" -534" 412"
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000

N 360 360 360 360 360 360 360 360 360

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Table.4 Physiological Loss in Weight (%), freshness of flower and dry matter (%) of loose
marigold flowers at different days after storage as affected by different packaging materials,
seasons of observations of observations and varieties

Freshness of flower

PLW (%) Dry matter (%)
Treatment 2DAS | 4DAS | 6DAS | 8DAS | opAs | 4DAS | 6DAS | 8DAS | 2pAS | 4DAS | 6DAS | 8DAS
OViT, 850 | 1024 | 13.79 | 2513 | 6.25 | 5.00 | 6.00 4.50 57.66 | 63.29 | 46.56 | 33.94
OViT, 6.64 | 889 | 13.15 | 2279 | 7.00 | 650 | 7.75 5.25 6156 | 7223 | 50.17 | 41.72
AR 6.17 | 824 | 11.80 | 12.35 | 750 | 4.25 | 6.00 5.50 56.85 | 53.48 | 5158 | 35.81
OVT, 270 | 374 | 624 | 1459 | 850 | 6.50 | 7.00 7.00 5428 | 5851 | 6254 | 53.74
OViTs 10.37 | 10.81 | 17.86 | 36.26 | 550 | 8.25 | 4.75 3.75 69.21 | 52.99 | 49.13 | 39.63
0.V,T, 10.05 | 10.89 | 20.36 | 3250 | 7.00 | 6.00 | 7.00 5.25 53.45 | 60.40 | 37.60 | 35.33
0,V,T, 861 | 10.82 | 1596 | 2271 | 750 | 7.50 | 8.00 5.75 57.47 | 61.00 | 4437 | 44.69
0,V,T5 824 | 10.37 | 1352 | 22.20 | 8.00 | 550 | 6.00 6.25 53.45 | 6329 | 51.00 | 31.92
O,V,T, 381 | 6.43 | 1062 | 1347 | 869 | 625 | 7.75 7.50 7191 | 7433 | 5311 | 46.23
0,V,Ts 10.82 | 12.84 | 21.27 | 3250 | 625 | 825 | 5.0 4.25 76.69 | 6156 | 4421 | 40.25
O,VsT, 11.79 | 1447 | 21.31 | 2903 | 7.25 | 650 | 6.75 5.50 6521 | 76.83 | 49.76 | 48.41
0,VsT, 10.81 | 13.13 | 20.02 | 2413 | 800 | 8.00 | 8.00 6.25 80.79 | 85.49 | 46.71 | 42.84
0,VsT5 951 | 1132 | 1645 | 13.86 | 850 | 525 | 6.75 7.00 62.45 | 5821 | 50.73 | 42.72
O,VsT, 503 | 811 | 13.16 | 15.75 | 8.69 | 8.00 | 7.75 7.50 6413 | 76.69 | 52.78 | 49.97
0,VTs 1293 | 1511 | 26.88 | 40.14 | 6.00 | 825 | 5.0 4.75 8241 | 5543 | 41.20 | 3544
YA 449 | 846 | 16.65 | 2545 | 7.00 | 425 | 5.00 5.00 55.48 | 54.00 | 33.81 | 31.56
O,ViT, 336 | 7.68 | 1359 | 20.04 | 7.25 | 550 | 7.00 5.50 5851 | 58.74 | 48.38 | 46.06
O,V T5 204 | 435 | 831 | 1535 | 850 | 3.00 | 5.00 7.00 48.48 | 56.40 | 61.86 | 54.13
O,V T, 264 | 525 | 964 | 10.38 | 9.00 | 6.25 | 7.00 7.50 5547 | 54.14 | 59.67 | 42.33
O,V Ts 546 | 11.77 | 22.22 | 2931 | 625 | 7.00 | 3.50 4.50 6151 | 5165 | 48.17 | 42.98
O,V,T, 3.76 | 9.76 | 19.06 | 26.75 | 750 | 525 | 6.81 6.00 50.26 | 51.35 | 32.34 | 30.09
O,V,T, 232 | 671 | 1450 | 21.30 | 800 | 7.31 | 7.25 6.25 5467 | 55.19 | 50.69 | 40.83
O,V,T5 192 | 662 | 1411 | 1725 | 9.00 | 3.75 | 0.143 7.50 49.89 | 0.645 | 59.90 | 49.21
O,V,T, 0.60 | 263 | 1391 | 1545 | 9.00 | 0.398 | 5.25 7.50 1796 | 54.85 | 6571 | 55.93
O,V,Ts 376 | 9.76 | 19.06 | 30.05 | 650 | 6.25 | 6.75 4.75 56.35 | 60.72 | 46.70 | 4151
O,VsT, 514 | 11.25 | 21.07 | 2824 | 7.75 | 800 | 5.00 6.25 68.48 | 5226 | 48.32 | 3540
O,VsT, 337 | 858 | 1598 | 22.97 | 850 | 6.25 | 7.00 7.00 5233 | 51.83 | 49.13 | 4555
O,VsT5 220 | 468 | 927 | 1911 | 9.00 | 7.50 | 850 7.25 5490 | 59.19 | 53.58 | 46.98
O,VsT, 104 | 912 | 1161 | 1534 | 9.00 | 525 | 6.50 7.75 46.68 | 50.12 | 55.88 | 50.88
O,VTs 6.20 | 1413 | 27.97 | 3061 | 650 | 7.50 | 8.00 4.50 53.41 | 5550 | 40.00 | 23.41
AYAS 9.84 | 19.05 | 29.96 - 575 | 850 | 5.00 - 57.42 | 51.00 | 38.25 -
0.V, T, 761 | 1645 | 28.24 - 6.75 | 6.25 | 6.50 - 58.72 | 58.11 | 40.25 -
0V, T5 6.88 | 14.35 | 19.66 - 725 | 8.00 | 850 - 6821 | 68.36 | 44.71 -
VAP 563 | 11.68 | 11.83 - 825 | 550 | 7.00 - 54.85 | 57.25 | 50.12 -
AR 11.60 | 26.31 | 26.31 - 500 | 750 | 850 - 66.26 | 70.24 | 31.44 -
0.V, T, 11.63 | 21.89 | 30.25 - 700 | 875 | 575 - 77.80 | 53.38 | 36.25 -
0V, T, 9.85 | 21.14 | 29.61 R 750 | 7.25 | 825 - 5410 | 58.26 | 3547 -
0V, T5 8.84 | 1943 | 2207 - 8.00 | 850 | 8.75 - 6407 | 69.05 | 44.98 -
05V, T, 779 | 1479 | 16.45 - 850 | 550 | 5.0 - 3436 | 3481 | 47.21 -
05V, Ts 1258 | 22.86 | 36.43 - 525 | 6.00 | 6.25 - 4037 | 4812 | 2541 -
O,VsT, 12.93 | 2257 | 32.09 - 750 | 7.75 | 4.25 - 5241 | 4471 | 35.23 -
OsVsT, 12.92 | 21.30 | 30.33 - 806 | 6.25 | 7.00 - 4221 | 4284 | 33.46 :
AR 11.23 | 20.02 | 26.78 - 856 | 7.25 | 7.50 - 4438 | 49.25 | 37.66 -
OsVsT, 933 | 1645 | 18.13 - 850 | 400 | 6.25 - 47.76 | 39.20 | 46.31 -
O,VTs 1348 | 25.09 | 36.48 - 500 | 756 | 8.06 - 4270 | 46.03 | 24.74 -
SEm (%) 0.079 | 0131 | 0.299 | 0.369 | 0.143 | 8.00 | 4.50 0.144 5227 | 4120 | 0.647 | 0.695
CD (P=0.05) | 0.220 | 0.365 | 0.833 | 1.030 | 0.398 | 0.143 | 0.398 | 0.402 0.645 | 1.796 | 1.801 | 1.939

Ty: Gunny bags; T,: Nylon mesh Bags; Ts: Bamboo baskets with cover (perforated); T,: Plastics baskets with cover (perforated);
Ts: Control; Oy: Early winter; O,: Mid winter; O3: Late winter; Vy: Bidhan 1; V,: Bidhan 2; V3: Bidhan 3.
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Fig.1 Interaction effects of different seasons of observations, varieties and packing materials on
shelf life of loose marigold flowers
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carotenoid content (ug/g) of loose marigold flowers at different days after storage
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On the contrary, minimum dry matter of
flowers was observed in Bidhan 3 variety
without packaging stored during late winter
(O3V3Ts) after storage (Table 4). A decline in
dry matter content of the petals during final
stage of flower development was reported
(Nichols, 1975). Evidences supporting this
fact suggested that pool of dry matter and
respirable substrates were maintained at
favourable levels thus promoting respiration
(Croots, 1973) and became a key to extend
the longevity (Rogers, 1973).

Carotenoid content of the petal

Marigold cultivars with orange flowers have
higher xanthophylls as compared to yellow
flowers. Therefore this was in line with our
findings were maximum carotenoid content
was observed in Bidhan 3 variety packed in
plastic basket during mid winter for all
observations after storage as illustrated in
table 2 and figure 2. A gradual decreased in
carotenoid content was noted for all
observations after storage which might be due
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to degradation of carotenoids by oxidation
leading to declined in carotenoid content
during storage. Kinetics of colour changes in
dehydrated blanched and unblanched carrots
during storage followed a first order kinetics
for thermal degradation of [ carotene.
Oxidation lead to the formation of highly
reactive species, such as alkyl and peroxyl
radicals, which could, in turn, increase the
degradation of easily oxidizable compounds
(Koca et al., 2007). Stability, however, was
also affected by the presence of endogenous
antioxidants, such as tocopherols and
tocotrienols. Studies performed in non-polar
environments showed that tocopherols could
protect [B-carotene from oxidative damage
(Krinsky and Yeum, 2003). At lower
temperature leutin degradation was slow in
sunflower oil because of the higher content of
tocopherols. Due to increased temperature,
the protection offered by tocopherol might be
overcome by formation of relative species
caused by lipid peroxidation (Hojnik et al.,
2008).

In conclusion, after a concise study it was
observed that combination of packaging
materials, seasons and varieties was found to
be effective in extending the post harvest life
of all varieties of marigold. The results
confirmed that shelf life of loose marigold
flowers stored during mid winter season (18-
20 ° C and 60 to 75% RH) in plastic baskets
could be extended for 12 days in Bidhan 3,
with acceptable marketable quality. Our
results have immense potentials to offer
appropriate methods for storing flowers even
for short term to provide solution during
unforeseen circumstances. Even short term
storage (for 10 — 12 days) can harvest the
possibility to earn more and resist unwanted
losses.
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