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Abstract 

The effect of low temperature stress was studied in two types (Bangia and Desavari) of betel vine (Piper 
betle). Among the two types, Desavari showed better performance under cold stress and had 
significantly higher leaf thickness, levels of total thiols and peroxidase activity and lower lipid 
peroxidation. 
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Betel vine (Piper belle L.), a shade-loving climber 
and native of milder climate, often suffers due to 
cold temperatures prevalent in North India dur
ing winters. Cultivation of betel vine in this region 
could become possible with the development 
ingeneous technology of fully protected cultiva
tion some 2000 years ago (Kumar 1999). Cold 
stress leads to cessation of growth, tip drying, loss 
of chlorophyll, drying of leaf margins and some
times the whole vine and the extent of damage 
may range from 15% to total crop failure (Anon 
1997). Such a high degree of sensitivity to cold 
makes it an unique system for characterization of 
cold stress responses. The present investigation 
reports some of the preliminary findings on cold 
stress responses in two betel types, Bangia and 
Desavari. 

The experimental plants were grown in the Betel 
Vine Conservatory at Banthra Research Station of 
National Botanical Research Institute, about 25 
km from Lucknow (India). Leaf samples were 
collected during January and February (1999) 
when cold injury symptoms are well manifested. 
The leaf samples with or without marked symp
toms of cold damage were analysed using stand
ard methods. Leaf water status was estimated by 
measuring the relative water content (Irigoven et 
al. 1992). Free proline was estimated using 
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ninhydrin (Larher et al. 1993) and total thiol by 
Elhnan's method (Elhnan 1959). Lipid peroxidation 
was estimated by extracting leaf samples in 
trichloro acetic acid (TCA) using thiobarbituric 
acid reagent (Dhindsa & Matowe 1981) and the 
colour was read at 535 nm. Subtracting the 
absorbance at 600 nm made correction for non
specific absorbance. Peroxidase activity was as
sayed (Toivonen & Sweeny 1996) using guaicol 
and H,O, system. Increase in absorbance due to 
oxidation of guaicol was read at 470 nm. The 
ability of leaves to fix CO, was estimated by 
measuring CO, dependent (ca. 5% CO, in the 
system) 0, evolution in leaf discs in Hansatech 
oxygen electrode (Wahner 1987). 

Cold stress leads to water deficit in the leaf. Betel 
vine leaves with visible injury showed greater 
water deficits compared to the ones devoid of it. 
In Bangia, the water deficit was more as compared 
to that of Desavari, which was reflected in their 
Relative Water Content. In Desavari, the extent of 
water deficit in damaged and undamaged leaf 
was less possibly due to greater leaf thickness. 
Cold stress in many cases (Bangall et al. 1983; 
Wilson 1976; Eamus 1987) is known to cause 
water deficit. One of the earliest visible symptoms 
of low temperature stress in chilling sensitive 
plants is wilting. This is due to high transpiration 
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rates that is effected by locking-open or slowing 
the stomatal closure, associated with reduced 
water supply from roots or impediments in 
translocation in the xylem vessels due to cold 
stress. Greater leaf thickness in Desavari may be 
one of the factors for better water retention and 
may also account for better performance of the 
type (Table 1 a & b). 

Proline accumulation (Larher et al. 1993) is 
considered to be one of the major and ubiquitous 
stress response. In cold damaged leaves, the level 
of proline was more when compared to leaves 
without any injury. Difference in proline levels 
were also seen between the types; however, the 
differences were non significant. Many stress 
factors cause damage by increasing the overall 
oxidative stress (Prasad et al. 1994). Low tempera
ture stress, in case of sensitive plants makes it 
vulnerable to photoinhibition causing further 
damage to the plant (Powles 1984). Photosyn
thetic activity reflecting photosynthetic capacity 
under saturating CO

2 
concentration measured as 

CO
2 

dependent 02 evolution was adversely af
fected due to cold stress and in Bangia the 
differences were significant. Lipid peroxidation in 
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cold injured leaves was more as compared to 
undamaged leaves and it was more so in the 
Bangia type as compared to Desavari. Non-protein 
thiols represent the general redox status of the 
plants (De Kok & Oosterhuis 1983). From the data 
it appears that damaged leaves accumulated more 
thiols in both the types. However, the type 
showing better adaptation also showed overall 
higher levels of thiols. As a consequence of cold 
stress there is a build-up of peroxide levels in the 
system (Prasad et al. 1994), which are known to 
be toxic. Peroxidases play an important role in the 
detoxication of peroxides in system. Total 
peroxidase activity in the crude extract was higher 
in Desavari than Bangia type. Thus the detoxifying 
system against reactive oxygen buildup appears 
to be more effective in Desavari and also partly 
explains the differences in lipid peroxidation 
(Table 1 a & b). 

This preliminary study suggests that the betel 
type Desavari is relatively better adapted to cold 
stress than Bangia due to certain structural and 
biochemical features. Detailed studies would be 
needed to understand the behavior of different 
types to cold stress. This may also help in selection 

Table la. Effect of cold stress on Piper betle types BangZa and Desavan 

BanlIla Desavari 

Parameter Damaged Undamaged % Change Damaged Undamaged % Change 
over over 

Undamaged Undamaged 

Relative water 90.90 97.50 6.74 96.65 98.58 1.96 . 
content (%) ± 6.52 ± 1.11 ± 2.36 ± 0.96 

Leaf thickness 237 275 
(~m) ± 05 ± 06 

Proline 10.94 10.57 3.50 10.76 9.31 14.93 
(n mol g-I) ± 2.07 ± 0.73 ± 1.81 ± 1.49 

Lipid 13.63 10.57 28.95 11.48 6.08 88.82 
peroxidation ± 1.50 ± 2.35 ± 0.77 ± 1.80 
(m mol g-I) 

Thiol 150.0 89.0 68.54 195.0 159.0 22.64 
(n mol g-I) ± 34.0 ± 7.0 ± 3.0 ±LO 

Peroxidase 2.29 1.50 52.66 3.48 3.03 14.85 
(katal) ± 0.01 ± 0.06 ± 0.22 ± 0.14 

Oxygen 1.33 3.66 63.66 3.18 3.69 13.82 
evolution ± 0.46 ± 0.75 ± 0.28 ± 0.58 
(~ mol m·2 S·I) 

- Not determined 
Values are mean ± SD of 6 observations for biochemical assays and 20 leaf discs for RWC and leaf thickness 
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~" Parameter T1 T2 
:; ~~--------------~--------~------~~------~----

T, T, 

[" 2.84' 3.53** 

6.33** 

Relative water content 4.72** 3.18** 

Leaf thickness 
'~. 

Proline 0.46 1.52 1.97 1.61 

Lipid peroxidation 2.75 7.25** 3.75** 3.27** 

Thiol 20.32** 31.18** 30.31 ** 24.36** 

Peroxidase 39.09** 4.33** 26.50** 17.18** 

Oxygen evolution 6.62** 2.04 0.07 8.66** 

** Significant at 1%; *Significant at 5% 

T1 Undamaged BangIa and damaged BangIa; T2 Undamaged Desavari and damaged Desavari; T3 Undamaged BangIa 
and undamaged Desavari; T4 Damaged BangIa and damaged Desavari 

of types better suited for cultivation in the 
sub tropics where the plants are under fully 
protected cultivation. 

Acknowledgements 

We are thankful to the Indian Council of Agricul
tural Research, New Delhi, which supported the 
work under the All India Coordinated Research 
Project on Betel Vine. We are also thankful to the 
Director, National Botanical Research Institute 
Lucknow, for providing facilities and Dr. S 
Ranade, Scientist, for helpful suggestions. 

References 

Anonymous 1997 Annual Report. AICRP on Betel Vine. 
Indian Institute of Horticultural Research, 
Bangalore. 

Bangall D, Wolfe j & King R W 1983 Chill-induced 
wilting and hydraulic recovery in mung bean 
plants. Plant Cell Environ. 6 : 457-464. 

De Kok L j & Oosterhuis F A 1983 Effects of frost 
hardening and salinity on glutathione and 
sulfhydryl levels and on glutathione reductase 
activity in spinach leaves. Physiol. Plant. 
58 : 47-51. 

Dhindsa R S & Matowe W 1981 Drought tolerance in 
two mosses correlated with enzymatic defense 
against lipid peroxidation. J. Expt. Bot. 
32 : 79-91. 

Eamus D 1987 Influence of preconditioning upon the 
changes in leaf conductance and leaf potential of 
soybean, induced by chilling, water stress and 
APE. Aus. j. Plant Physio!. 14 : 331-339. 

Ellman G L 1959 Tissue sulfhydryl groups. Arch. 
Biochem. Biophys. 82 : 70-77. 

Irigoyen j j, Emerich D W & Sanchez-Diaz M 1992 
Water stress induced changes in concentrations 
of proline and total soluble sugars in nodulated 
alfalfa (Medicago sativa) plants. Physio!. Plant. 
84 : 55-60. 

Kumar N 1999 Betelvine (Piper betle L.) cultivation: A 
unique case of plant establishment under 
anthropogenically regulated microclimatic con
ditions. Indian j. Hist. Sci. 34 : 19-32. 

Larher F, Leport L, Petrivalski M & Chappart M 1993 
Effectors for the osmoinduced proline response 
in higher plants. Plant Physio!. Biochem. 
31 : 911-922. 

Prasad T K, Anderson M D, Martin B A & Steward C 
R 1994 Evidence for chilling induced oxidative 
stress in maize seedlings and regulatory role of 
hydrogen peroxide. Plant Cell 6 : 65-74. 

Powles S B 1984 Photoinlubition of photosynthesis 
induced by visible light. Ann. Rev. Plant Physio!. 
35 : 15-44. 

Toivonen P M A & Sweeny M 1996 Difference in 
chlorophyll loss at 13°C for two broccoli (Brassica 
oleracea L.) cultivars associated with antioxidant 
enzyme activities. J. Agric. Food Chern. 46 : 20-
24. 

Walker D A 1987 The use of oxygen electrode and 
fluorescence probes in simple measurements of 
photosynthesi$. Robert Hill Institute, University 
of Sheffield, Sheffield, U K. 

Wilson j M 1976 The mechanism of chill and drought 
hardening in Phaseolus vulgaris. New Phyto!. 
76 : 257-270. 




