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Abstract. Temperature plays a crucial role in growth rate and development of a plant. Low temperature
damages plant metabolic processes. The poly tunnel is used to mitigate low temperature stress for quality
production of gladiolus. The Randomized complete block design with two factors factorial was used to
carry this experiment. Protective field conditions enhanced temperature level that resulted in longer spike
length, higher number of leaves per plant, more leaf area, maximum spike diameter, more number of florets
per spike, larger diameter of flower, more fresh and dry weight, higher photosynthetic rate and less days to
taken flowering, were obtained during November and December under poly tunnel conditions. Chlorophyll
contents and transpiration rate significantly increased during early warmer months. Stomatal conductance
not significantly changes. More antioxidant enzyme (POD and CAT) activity was recorded and less
electrolyte leakage due to which vase life remained higher in November and December under protective
planting conditions. Moreover, gladiolus cut flowers quality features were significantly improved in
protective growing conditions in poly tunnel during January and February. Protective growing conditions
mitigated low temperature stress in cold months and significantly enhanced yield as well as quality
characteristics of gladiolus cut flowers.
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Introduction

Gladiolus (Gladiolus hortulanus L.) among the cut flowers stands second in term of
production and consumers’ predilection. Gladiolus with imperial spikes is one of the most
common and well-known cut flowers in the world that encompass striking, elegant and
elusive florets (Saeed et al., 2013). It has virtuous keeping ability because its florets open
in an order for extended period. It is often used in bouquets, bedding, landscape, flower
arrangement etc. (Arora, 2007). It has occupied an area of 7,384.34 ha worldwide with a
trade worth of US $ 3,100 million. The Netherlands shares 48.5% and Germany 45.3%
in world trade (Ahmad and Rab, 2020). Commercial gladiolus production not only
generates good profits, but can also earn foreign exchange. The length of spike, florets
count, intact flower quality, freshness of flower, and vase life are major market indices.
Therefore, superfluous attention is given to quality of flower rather than its production
(Bhande et al., 2015). A key factor to the aesthetic and marketable quality is the
postharvest longevity of cut flowers (Saeed et al., 2013). Preharvest growth
circumstances determine ultimate postharvest fate of flower. The gladiolus life cycle is
divided in two phases. The first phase is vegetative growth and second is flower initiation
and development. These phases are characterized by several processes, viz., cellular
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division, differentiation, expansion and eventual petal senescence. Therefore, it is need
for prodigious attention to enhance all the physiological and biochemical processes that
occur during flower growth and development (Sood et al., 2006).

Plant growth and crop productivity is badly affected by low temperature stress that
leads to considerable damages in production of crops (Jiang, 2011). The consequences of
low temperature stress since temperatures cool enough to induce damages within tissues
of plant. The level of tolerance to freezing (<0°C) and chilling (0-15°C) temperature
ranges are specific to different plant species. The cold stress or low temperature stress
includes chilling and freezing stress. The growth features of crop plants include rate of
survival, water balance, transportation, cell division and development, and
photosynthesis, all of them are affected by low temperature stress (Sanghera et al., 2011).
Plant growth rate depends upon ranges of ambient temperature of the crop species.
Therefore, every plant species have a precise level of least, extreme and optimal
temperature range (Hatfield et al., 2011). Proper growth and development of gladiolus
depend on abundant light, appropriate temperature and plenty of soil moisture. Gladiolus
plants prefer a temperature regime between 12-20°C (Khodorova and Boitel-Conti,
2013). The selected progenies of gladiolus are hardy to -6°C that is not within minimum
range required in USDA Z3-4 (Anderson et al., 2012). The low temperature below 10°C
causes an arrest in growth and development of the plant (Mayoli and Isutsa, 2012). The
plant metabolic processes and development of whole plant, tissues, cells and even at sub-
cellular levels are distraught by low temperatures. The morphology, anatomy, phenology
and plant biochemistry at all levels of organization also may affected by temperature
variation (Porter, 2005; Waraich et al., 2012). The leaf initiation, enlargement and
flowering are totally temperature dependent. Also growth and development of plants
primarily influence by air temperature of the growing environment (von Caemmerer and
Evans, 2015). The stress induced by low temperature influenced the vegetative as well as
reproductive stages in the plant’s life cycle. The different characteristics like flower
initiation, abscission, pollen sterility, pollen tube distortion, and ovule abortion during
reproductive development inversely affected by low temperature stress that eventually
reduced the production (Khodorova and Boitel-Conti, 2013).

There are various strategies which are being used to mitigate the detrimental effects of
low temperature stress. The polythene tunnel cultivation is used as one approach to
mitigate the damaging effects of low temperature that is most suitable for growing high
value horticultural crops (Hanan, 2017). Polythene house is an enclosed structure
protected with polyethylene sheet which might provide the promising environments
intended for the better growth of the plants in numerous ways, viz., shield from hostile
ecological circumstances, protection from heavy winds, pests, diseases and other
antagonistic weather conditions (Cowan et al., 2014). Agro-meteorological indices and
temperature sensitivity of gladiolus are directly affected in low temperature stressed
circumstances, which is yet to be studied. In present research, an exertion was made to
evaluate the morpho-physiological in relation to low temperature stress and mitigation of
effects for quality cut flower production.

Materials and Methods

The study was carried out at Horticulture department research area in PMAS Arid
Agriculture University, Rawalpindi, Pakistan (Latitude: 33°38'51", Longitude:
73°4'57.72"), during 2013-2014 and 2014-2015. The corms of the gladiolus cultivar
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"White Prosperity" were planted on monthly interval basis during months (November,
December, January and February) in open field conditions to check the low temperature
effects and in Poly tunnel conditions to evaluate the mitigation effects. Randomized
complete block design (RCBD) with two factors factorial. The growing conditions were
factor one and planting times were second factor. The corms were planted in sand bed for
uniform germination and planted in research area when they reached up to 10-15 cm in
height. The corms were transplanted at a row to row distance of 30 cm while distance of
20 cm was kept between two plants in a raised bed. The experiment was carried in a
randomized complete block design replicated thrice. The five plants were randomly
selected for each observation. Before the plantation of corms well rotten farm yard
manure was mix in soil. The tunnel was covered with 0.6 mm thick polythene sheet and
tunnel dimensions were 12 m long, 3 m wide and 2.5 m high. Data regarding temperature
and relative humidity was noticed two times in a day for both in open field and inside
polythene tunnel (Figure 1). Other cultural operations like irrigation, fertilization,
weeding, and plant protection measures were alike for all treatments. The data was
recorded separately for every month from date of sowing for following characteristics.
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Figure 1. Average weather data during study period

Morphological and floral characteristics

Data on number of plant height (cm), leaves plant?, leaf area (cm?), number of days
taken to flowering from date of sowing for each month, number of cormels plant?, corm
diameter (cm), corm weight (g), spike length (cm), spike thickness (mm), number of
florets spike™, flower diameter (cm) and fresh weight of spike were recorded at harvest
stage.

Vase life parameters

There were three cut spikes placed in vase for vase life attributes in every replication.
Percentage of florets opened, days to open florets, and vase life were recorded put in vase.
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Bio-chemical attribute

Spade meter (SPAD 502 Konica Minolta, Japan) used for determining chlorophyll
contents in plant leaves.

Physiological characteristics

Photosynthetic rate, transpiration rate and stomatal conductance were measured
according to the method described by Long and Bernacchi (2003). LCA-4 ADC portable
infrared gas analyzer (Analytical Development Company, Hoddesdon, England) was
used between the hours of 12:00 and 15:00 at the prevailing solar radiation on flowering
stage.

Relative water content

Relative water content (RWC) was determined according to the method given by Bars
and Weatherley (1962). Leaves were excised and fresh weight (FW) was immediately
recorded then leaves were soaked for 4 h in distilled water at room temperature and turgid
weight (TW) was recorded. After drying for 24 h at 80°C, dry weight (DW) was recorded.
The RWC was calculated as follows:

RWC (%) = % x 100 (Eq.1)

Electrolyte leakage (EL)

Electrolyte leakage was calculated using the procedure quoted by Singh et al. (2008)
with minor modification. Five floral petal discs with a diameter of 10 mm from each
treatment were put together in a test tube containing 10 mL of distilled water. Initially
leakage of membrane was measured with a conductivity meter after incubation at 25°C
for 180 min of that test tube. Before the final conductivity was measured, solution was
boiled for 10 min in a water bath to release all the electrolytes.

The leakage of the membrane was measured as below:

c1
EL(%) = = % 100 (Eq.2)

where, C1 is electrical conductivity of petals after 180 min incubation in room and C2 is
final electrical conductivity of the solution.

Enzyme extracts preparation

Flowers were frozen in liquid nitrogen and one gram sample was carried from every
replication. The sample was grinded in pre-cold mortar and pestle. The floral tissues were
precipitated in 5 mL of 0.1 M KPO4 buffer (pH 7.8) having 0.5% Triton and 0.2 g of
PVPP. The prepared mixture was centrifuged for 30 min at 4°C at 27,000 x g (Abbasi et
al., 1998).
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Assessment of peroxidase

The activity of peroxidase (POD) was tested with minor changes according to the
procedure described by Shaheen et al. (2015). The mixture of assay comprised of 1 mM
H20,, 0.1 mM guaiacol in 15 m MNaKPOQO4 buffer (pH 6.0) and 200 pL basic extract of
enzymes. The activity of POD was noted as a change in the optical density (OD) over a
three min period at 470 nm and measured as unit g~! fresh weight.

Catalase assessment

The activity of catalase (CAT) was tested according to the procedure with slight
changes used by Saeed et al. (2013). Two buffer solutions were used to start reaction, one
holding 50 mM KPO4 and second comprising of 12.5 mM H20; in 50 mM KPOs (pH 7.0).
The 300 pL enzyme to each buffer added in 3 mL cuvettes for reaction was started, and
OD was noted at 240 nm. The unit for catalase activity was unit g fresh weight.

Statistical analysis

The statistically analysis of data was carried out by ANOVA technique in Randomized
complete block design (RCBD) with two factors factorial. The means were compared
using Duncan’s multiple ranges tested at 5% significance level.

Results
Morphological characteristics

Morphological parameters are presented in Table 1. Prominently highest values for
plant height (136 cm) and leaf area (53.7 cm?) were in November under the poly tunnel
conditions while in months of January (47.41 cm, 15.35 cm?) and February (46.23 cm,
15.04 cm?) in open filed conditions remained lowest. More number of leaves per plant
(8.13), number of corms & cormels (34.31) and corm size (3.88 cm) was noticed in poly
tunnel conditions and lower number leaf per plant (6.39), number of corms & cormels
(26.8) and corm size (3.52 cm) was recorded in open field conditions. Also prominently
early flowering was noted in poly tunnel (71.76 day) than open field (99.74 days) while
prolonged flowering was in January (91.63) and February (87.99 days).

Floral and vase quality parameters

Floral characteristics were presented in Figures 2-7. The longest spikes were noticed
in November (96.18 cm) under poly tunnel conditions and smallest in January (21.15 cm)
and February (20.55 cm) in open field conditions. The thickest diameter of spike was noted
under poly tunnel in November (12.19 mm) while thinnest in January (6 mm) and February
(5.89 mm) in open field. The highest number of florets were recorded in November (14.18)
under poly tunnel while lowest in January (4.87) and February (5.16) in open field. The
flower diameter was more in November (11.22 cm) in protected conditions while least in
January (5.3 cm), February (4.93 cm) in open field. The maximum fresh weight of flower
spike was in November (9.11 g) under poly tunnel growing conditions and minimum in
January (3.67 g), February (3.8 g) in open field. The longest vase life was recorded in
November (18.78 days), December (16.99 days) in poly tunnel conditions while shortest
in January (9.32 days) and February (8.96 days) in open filed environment. Percentage of
florets opened and days to open florets were non-significant (data not shown).
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Table 1. Effect of growing conditions and planting times on various morphological characteristics of gladiolus

Treatments Plant Height | Number of Leaves Leaf Area Days Taken to No. of Corms & Cormels | Corm's Diameter
(cm) Plant?! (cmd) Flowering Plant?! (cm)
gi‘;?g 63.99 + 4.518 6.39 + 0.588 2311+ 1.658|  99.74+2.07A 26.8 +2.248 3.5240.188
Growing Poly 1 91 4114204 8.13+0.37A 36.83 + 2A 71.76 + 3.358 3431+ 1.752 3.88+£0.2A
Conditions (GC) ~ Tunnel
P Value <0.001 <0.001 <0.001 <0.001 <0.05 <0.001
LSD 7.39 0.78 3.03 4.49 1.63 0.32
Nov 1%t | 113.06 = 4.75% 11.11+£ 0.8 43.09 + 1.89A 80.49 + 3.468 36.86 £2.124 42+0.114
Dec 1% 88.84 +4.728 9.19 + 0.348 37.75+£2.068 82.89 +£2.2078 35.17+£2.36% 3.84 £ 0.2978
Date of Planting Jan 1%t 56.14 +£3.26° 4.44 +0.35 19.47 +1.43¢ 91.63 +3.01# 24.75 £ 1.498 3.38+£0.158¢
(DP) Feb 1%t 52.76 + 4.89¢ 431042 19.56 £ 1.92¢ 87.99 + 2.0948 25.45+2.018 3.49+0.21¢
P Value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LSD 10.45 111 4.29 6.36 2.31 0.45
OF X Nov| 89.75+5.22¢ 10.06 £ 0.96 32.47+1.21¢ 96.71 +£2.5 32.19+2.33 3.82+0.11
OF X Dec| 72.58 +3.21P 7.91£0.34 29.57 + 1.26°P 97.69 + 1.06 30.52 +2.56 3.71+0.22
OF X Jan| 47.41 +2.92F 3.84+0.45 1535+ 1.8 103.08 +£2.46 21.56 £ 1.67 327+0.19
OF X Feb| 46.23 + 6.68F 3.76 £ 0.58 15.04 +£2.32F 101.49 £2.25 2294 +£2.39 327+0.19
Interaction PT X Nov | 136.37 +4.27~ 12.16 £ 0.64 53.7+2.57A 64.27 £4.41 41.52 £ 191 437+0.1
(GCXDP)  PT XDec| 105.1 +6.228 10.46 + 0.34 45.93 +2.858 68.09 + 3.52 39.82+2.15 3.96 + 0.35
PT X Jan | 64.86+3.59P 5.03+0.24 23.59 +1.05° 80.18 £3.55 2793 +1.3 349+0.11
PT X Feb | 59.29 + 3.09P¢ 4.86 £0.25 24.08 £ 1.52P 74.49 £ 1.93 27.97+£1.63 3.71+£0.22
P Value <0.05 >0.05 <0.01 >0.05 >0.05 >0.05
LSD 14.79 1.58 6.07 8.99 3.26 0.62
cv 5.56 12.42 11.57 5.99 10.83 16.77

Means sharing same letters are none significant and = showed the standard error of three means of each replicates. Abbreviations: (DP = Date of planting, OF = Open

Field, PT = Polythene Tunnel, P VValue: shows the significance level, LSD = Least Significant Difference, CV = Coefficient of Variation)
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Figures 2-7. Effect of growing conditions and planting time on floral attributes (Bar shows
standard error of means)

Bio-chemical and physiological characteristics

Bio-chemical and physiological characteristics are shown in Figures 8-12. The
chlorophyll (SPAD) contents were highest in November (79.20, 68.45) and minimum in
January (49.44, 43.15). Photosynthetic rate was more during November (3.32 mol m2s?,
2.85 mol m2 s in both conditions while minimum during January (1.52 mol m2s) and
February (1.56 mol m? s%) in open field conditions. The highest transpiration rate was
noticed during November (1.39 mol m? s, 1.29 mol m? s™) while minimum during
February (0.9 mol m s) in both conditions, respectively. The maximum relative water
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contents were recorded in November (90.33%) under poly tunnel while lowest in January
(78.44%) in open field. Stomatal conductance was more November (0.0064,
0.0068 mol m2st) and least in February (0.0046, 0.0053 mol ms) in both conditions,
respectively.
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Figures 8-12. Effect of growing conditions and planting time on biochemical and physiological
features (Bar shows standard error of means)

Antioxidant enzyme activity and membrane leakage

Antioxidant enzyme activities (POD & CAT) and electrolyte leakage are given in
Figures 13-15. The maximum peroxidase activity in gladiolus cut flower were recorded

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(3):4469-4486.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1803_44694486
© 2020, ALOKI Kft., Budapest, Hungary



Qayyum et al.: Mitigation of low temperature stress by polythene for quality production of gladiolus during winter
- 4477 -

in gladiolus spikes grown in November (57.85 U g fresh weight) and December
(53.60 U g* fresh weight) under poly tunnel conditions at day 6 stage throughout the vase
period while least during January (20.83 U g* fresh weight) and February (21.62 U g
fresh weight) at harvest day in open field conditions. The maximum catalase activity in
gladiolus cut flower were recorded in gladiolus spikes grown under the polythene tunnel
planting in the month of November (12.83 U g* fresh weight) and December (12.31 U g
fresh weight) at day 6 while the least during January (3.25 U g fresh weight) and
February (2.75 U g* fresh weight) at harvest day in open field condition. The maximum
electrolyte leakage was recorded in gladiolus spikes grown under the open field in the
month of January (45.36%), February (44.6%) while minimum in November (25.28%)
and December (26.43%).
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Figures 13-15. Effect of growing conditions and planting time on antioxidant activities (POD,
CAT) and electrolyte leakage (Bar shows standard error of means)
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Correlation of characteristics with temperature

Correlation of various studied characteristic with growing temperature is presented in
Figure 16. The most of the correlation coefficient values (r) for morphological,
physiological and antioxidant activities showed a stronger positive relation with average
temperature in respective growing condition. The temperature ranges from 13-25°C. As
temperature decrease the growth of the gladiolus also decreases. However, correlation
coefficient values showed that days taken to flowering and days to open florets prolonged
as temperature decreased. Also electrolyte leakage increased with the decreasing of
temperature.
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Figure 16. Correlation coefficient (r) with temperature of studied characteristics
Discussion

Morphological, floral and vase life attributes

Morphological, floral and vase life attributes significantly affected by temperature.
The temperature is a principal feature influencing the plant growth rate and development.
Optimum temperature enhanced the growth of plants positively (Khodorova and Boitel-
Conti, 2013; Hatfield and Prueger, 2015). The growth of vegetative parts enhances as
temperature increased to optimum level of the species (Paustian et al., 2004; Hatfield et
al., 2011; Abbas et al., 2017). Temperature may influence the cell division and cell
enlargement because all metabolic processes need a certain temperature and all enzymes
functions at a specific temperature generally higher than freezing temperature. The
polythene tunnel system enhances the temperature of the microclimate which favors the
plants internal enzymes and photosynthates ultimately increasing leaf number per plant.
As observed in gerbera cut flower produced under protected conditions (Soni and Godara,
2017). The temperature and relative humidity regulate the transpiration rate that involved
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in nutrients and water uptake from root to leaves and thus higher rate of nutrients
accumulation positively influenced the leaf size (Jezek et al., 2015). The cold
temperature, by distressing the carbonic anhydrase activity lessens net photosynthesis in
plants. Carbonic anhydrase is a restrictive enzyme for CO2. The decrease fresh weight
due to low temperature might be ascribed to the lower carbonic anhydrase activity or
impaired protein synthesis that limited the growth (Franklin, 2009). Also, short days in
later month with low temperature reduced the photosynthetic activity, due to which
carbohydrate accumulation and the diameter of spikes ultimately reduced (Klein et al.,
2007; Sacks and Kucharik, 2011). The temperature below freezing point during winter
season reduces growth and energy storage of plants. Plants are prepared better to resist
cold temperature when they are sheltered from severe circumstances (Ali et al., 2016).
The low temperature during later months of January and February may reduce assimilates
which can be insufficient to maintain flower meristem differentiation and cessation of
cell division due to which carbohydrate accumulation reduced that eventually lower floral
quality (Streck, 2004; Klein et al., 2007; Sacks and Kucharik, 2011). Low temperature
damages several enzymes, their functional and structural component, such as alcohol
dehydrogenase, phospholipase, carbonic anhydrase, alkaline phosphatase, RNA
polymerase and carboxypeptidase which reduced fresh and dry weight (Mohanty et al.,
2011). Alike results were reported on increased dry matter production in favorable
temperature under protected production conditions in roses (Ahmad et al., 2011).

The application of protective polythene tunnel increased the inside temperature that
promoted the translocation of photosynthates from the source to sink which favors growth
attributes (Barthel et al., 2014; Schwab et al., 2015). Also the favorable temperature might
enhance the carbohydrates and sugar translocation by formation of B-polyol complex
(sugars alcohols binding with boric acid). Thus, enhanced its accumulation within plant,
caused to form the more floral primordia in the shoot apical meristem resulted in higher
number of florets per spike (Usha et al., 2002). The greater area of a leaf give assurance
that higher chlorophyll contents will be present and leaf absorb more photosynthetically
active radiations (PAR). Hence, both these aspects regulate higher rate of photosynthesis
which enhanced accumulation of carbohydrates for growth and development (Sage and
Kubien, 2007; Ahmad et al., 2011). The temperature up to favorable range with higher
day length incriminate in the uptake and translocation of nutrients inside plant which
leads to increase in underground parts production of plant (Joshi et al., 2011).
Furthermore, higher area of leaves and more photosynthates in the particular month inside
protected polythene tunnel treatment might be supportive in enhancing the corms and
cormels number per plant and size of corms (Laishram et al., 2011; Mahesh and Moond,
2011).

The temperature inside the protected structure rose due to the blocking of infrared
radiations (Lim et al., 2017). Temperature influence the time taken to flowering
significantly. During early stages at which floret differentiation occur was most sensitive
to temperatures and light intensities. Photoperiods and temperature influenced the time
taken to flowering and flower development (Motomura et al., 2002; Sudhakar and Kumar,
2015). At warmer temperatures plants attain more carbohydrates for growth and
development which ultimately helped plants to take lesser time to flowering (Shillo et al.,
1981). Similar result of earlier maturity under protected structures in comparison to open
field in tomato was reported by Parvej et al. (2010).

Senescence is the ultimate phase of flower life, which results in drooping of whole
flower or the floral parts. The genetically controlled programmed known as senescence
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in flower petals is directly triggered on the opening of floral bud. This process is not
reversible in floral tissues (van Doorn and Woltering, 2004; Kumar et al., 2008). Overall
growth of spikes is responsible for the opening of florets. Pre harvest growth designates
the ultimate postharvest life of the flower spike (Gupta and Dubey, 2018). Vase life can
be affected by transpiration, respiration, reactive oxygen species, and membrane leakage
(Ezhilmathi et al., 2007). Preharvest morphological and physiological parameters at
harvest were relevant to a considerable extent in vase life. Water uptake from the vase
solution is attributed to better water balance, flower freshness and fresh weight and
prevents the cut flower from early wilting (Ataii et al.,, 2015). The pre harvest
accumulation of carbohydrates plays significant role in postharvest life of the cut flowers.
These carbohydrates maintain osmotic potential within plants, which results in improved
water uptake in cut spike. Thus better growth is maintained in pre harvest life and
provides cut flowers with a better opportunity to perform in shelf life period (Da Silva,
2006). Healthier spike in respect to diameter, fresh weight, and floret size ensures the
longer vase life (Slootweg et al., 1999). In the current studies the vase life was positively
correlated with these morphological and physiological parameters.

Biochemical and physiological parameters

Chlorophyll contents were higher in plants those grown in earlier planting times when
the temperature and long days having more light availability. More chlorophyll contents
were notice in open field as compared to protected field conditions might be due to more
availability of photo active radiations (Mohanty et al., 2006). These findings confirmed
the findings of Ahmad and Usman (2013) and Qasim et al. (2008) who noticed more
chlorophyll contents in open field production of rose. The relative water contents (RWC)
might differ significantly with changing temperature in fast growing tissues, irrespective
of the any growth stage. However, measurement of RWC remains very small because of
limited potential for expansion of cells. Low cell metabolism rates in more mature and
slow-growing leaves (Shinozaki et al., 2003; Kaplan et al., 2004).

The light-dependent photosynthetic reactions are not influenced by modifications in
temperature. However, the photosynthetic light independent reactions are significantly
affected by changes in temperature. There were various enzymes that catalysed these
reactions. The rate of catalysis of these enzymes was increased as their temperatures
attained at optimum levels. The rate starts to decline at low temperature, as enzymes
became denatured (Schwender et al., 2004). The plant exposure to low temperature stress
contributes to metabolism alterations in two ways. Formerly, because of increasing or
decreasing the temperature, plants try to regulate the cellular metabolism. Secondly,
structural changes, catalytic properties, enzyme functions and membrane metabolite
transporters alter due to temperature stress. The enzymes that carry out photosynthesis do
not work efficiently at low temperatures between 0 and 10, and this decreases the
photosynthetic rate (Kubien et al., 2003; Fernie et al., 2005).

Temperature stress alone or in combination with CO- fluctuation alters the stomatal
conductance in plants. Particularly in the leaf petiole reduction of both stomatal
conductance and mesophyll conductance about 10-30% occurs only within 10 minutes of
lower temperature. Likewise, major responses of stomatal conductance within 20-30 min
took place due to variations in leaf temperature in plants acclimated together to low
temperature (Gorton et al., 2003; Warren and Dreyer, 2006). The similar response of both
mesophyll and stomatal variations in almost all environmental variables signifies that
stomatal conductance co-regulated in order to availability of favorable temperature.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(3):4469-4486.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1803_44694486
© 2020, ALOKI Kft., Budapest, Hungary



Qayyum et al.: Mitigation of low temperature stress by polythene for quality production of gladiolus during winter
- 4481 -

These findings favour the current study that in protected conditions and early month of
plantations the temperature was favorable, due to which the stomatal conductance was
better (Kerstiens, 2006; Morison and Lawson, 2007).

The temperature significantly affects the magnitude of the driving force to move water
out of a plant instead of directly affecting stomata. The water holding capability of air
rises abruptly as temperature rises. The warmer air can hold more water as compared to
cooler air. Therefore, the driving force for transpiration rise in warmer air and reduced in
the cooler air (Thakur et al., 2010; Mantri et al., 2012; Bala and Singh, 2013). The
photosynthetic activity was good due to better stomatal conductance and transpiration
which ultimately favors the growth and floral quality of gladiolus plants in protected
conditions.

Antioxidant enzyme activity and membrane leakage attributes

The preeminent antioxidant enzymes (POD, CAT) activity was noticed in experiment
during the early month November and December plantations. It might be characterized
to strong activity antioxidative enzymes during favorable temperature conditions.
However, during severe low temperature conditions in January and February, the
antioxidant activities were remained lower in gladiolus cut flowers. Various toxic reactive
oxygen species are generated due to stress. H20> is one the most abundantly produced
radical, which in excess could harm the cell. The antioxidants enzymes peroxidase (POD)
and catalase (CAT) are responsible for the biological removal of H,O> from the cell (Mei
and Song, 2008; Akhtar et al., 2010). These enzymes are produced in plant tissues
according to their defence system during growth stages progression which specifies the
defence mechanism in the shelf life of cut flower. The ROS is possibly generated due to
low temperature stress (Hasegawa et al., 2000; Guo et al., 2016). The activities of
antioxidative enzymes are reduced in extreme coldness beyond the plant’s tolerant level
or in chilling sensitive plants due to that ROS accumulated in greater extent (Solanke and
Sharma, 2008; Chen and Arora, 2011). These higher amounts of ROS imposed the stress.
The lipid, protein, carbohydrate and DNA damaged by this stress ultimately effecting
physiological processes (Gill and Tuteja, 2010), thus causes cell death and adversely
affect plants (Apel and Hirt, 2004). The excessive amount of H>O, accumulation would
be toxic to plants tissue in plant exposed to the abiotic stress (Zheng et al., 2009). It could
be the reason that excess H2O> imposed due to lower temperature stress resulted lower
POD and CAT activity and short vase life in gladiolus cut flowers. Optimum temperature
supply might be resulted in H2O> release, thus enhanced POD and CAT level and
extended vase life was noted (Nahar et al., 2009).

Electrolyte leakage was higher in plants grown in low temperature months at open
field environment. The leakage of electrolyte in intact plant cells is a characteristic of
stress response. This phenomenon is commonly used as a measure of plant stress
tolerance (Bajji et al., 2004; Lee and Zhu, 2010). The membrane structure of tissues in
plants was damaged under stress induced by low temperature. The intracellular leakage
rate of electrolyte induced by cold stress reflected the amount of cell membrane damage.
The plant response aptitude to cold stress is efficiently assessed indirectly by the relative
conductance value. With the continuity of low temperature stress, the degree of damage
was aggravated in cellular membrane (Liu et al., 2013). Increase in electrolyte leakage
due to low temperature stress also observed in wheat (Chen et al., 2006), coffee seedlings
(Azzarello et al., 2009) and tomato (Ghiasi and Razavi, 2013).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(3):4469-4486.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1803_44694486
© 2020, ALOKI Kft., Budapest, Hungary



Qayyum et al.: Mitigation of low temperature stress by polythene for quality production of gladiolus during winter
- 4482 -

Conclusion

Gladiolus grown in two different growing environments revealed significant variations
in morpho-physiological characteristics from November until February. Climate
variables had a significant impact on growth and development of gladiolus. In early
planting during November and December under polythene tunnel has positive effects on
growth, production and floral characteristics of gladiolus cut flowers. The quality and
vase life of cut flowers improved as biochemical characteristics, antioxidative enzymes
activities enhanced and membrane remained stable. The application of polythene sheet
during November and December months render the best results for improving growth and
quality of gladiolus cut flowers. The polythene sheet significantly lower the stress
imposed by low temperature. Moreover, mitigation with polythene sheet during January
and February gives significant improvement in the growth and vase life attributes of
gladiolus. However, lowest morpho-physiological indices of gladiolus were observed in
January and February. Positive correlation of temperature was observed regarding growth
and development of gladiolus. Such observations and previous literature findings indicate
that more research is needed to measure the interactions between temperature and plant
hardiness of gladiolus across germplasm within a species and between species to evaluate
possible adaptation strategies to mitigate the negative effects of extreme temperature
events.
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