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Abstract

French bean is a cool season legume crop requires a
temperature of 170C-28°C for ideal growth. It is grown mainly
during kharif and rabi seasons. But its cultivation is severely
constrained during summer months due to prevailing high
temperatures. Further, under climate change conditions high
temperature episodes are likely increase and considerably
affect pod yield. The identification of suitable cultivars is a
prerequisite for adaptation to high temperature situations.
Thus, the temperature induction response (TIR) technique,
which involves exposure of seedlings to sub lethal
temperatures to induce inherent cellular tolerance and
consequent exposure to challenging temperatures was
standardized and employed for screening French bean
genotypes for high temperature stress tolerance. Two day
old French bean seedlings were subjected to various
challenging temperatures from 43°C to 50°C for 3 hours and
were allowed to recover at room temperature for 72 hours.
Based on the least survival (11%) and highest growth
reduction (92%) during recovery, 45°C for 3 hours was
identified as challenging temperature. Consequently the
induction temperature was identified by subjecting French
bean seedlings to different induction temperature regimes.
The gradual induction temperature from 30°C to 40°C for 3
hours at which 60% of the seedlings survival was observed
during recovery and identified as the optimum induction
temperature. Subsequently, ten French bean genotypes were
screened by subjecting them to the standardized induction
temperature of 30°C-40°C for 3 hours followed by challenging
temperature of 45°C for 3 hours. The genotypes showed
differences in percent seedling growth reduction during
recovery period over control. The genotypes, (IC-525224 x
IC-525239) IPS-1, (IC-525224 x IC-525239) 1-12 and Arka
Anoop, with 60%, 65.27 %, 66.30% reduction in seedling
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growth showed tolerance to high temperature stress. In this
study we standardized the TIR technique as a screening
method to evaluate and identify temperature tolerant French
bean genotypes.
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Introduction

French bean (Phaseolus vulgaris L.), due its high
nutritional value, is an important vegetable crop. It grows
well under optimum mean temperature range of 170C -
280C and due to which its cultivation is restricted to
kharif and rabi seasons. However, the demand for
French beans during summer months is encouraging
farmers to cultivate the crop during March and April
months. But the crop is exposed to great deal of high
temperature stress during these months. The tropical
regions, where prevailing temperatures are already high,
would further face the adverse effects of high
temperature stress under climate change conditions. High
temperature adversely affects the crop growth,
development and economic yield and causes reduction
in shoot dry mass, growth and net assimilation rates in a
number of plants (Wahid et al. 2007). It is observed that
high temperatures prevailing during summer months lead
to drastic reductions in bean yield. Lowest pod set was
observed in plants exposed to high temperature for 1–6
days prior to anthesis (Graham and Ranalli 1997).
Exposure to 35/20°C or 35°C caused reduced pollen
viability (Halterlein 1980). The reproductive stage is
sensitive to high temperatures and reduced pod and seed
set is observed due to enhanced abscission of flower
buds, flowers, and pods in beans (Konsens et al. 1991).
The most critical time when high temperatures adversely
affect French bean yield is from flowering through pod
filling.  Reduction in number of pods per plant is primarily
affected by temperatures above the optimum
(McWilliams 1980). Wang (1962) observed 25°C to 26°C
as an upper optimum during blooming and 36°C as the
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upper threshold where growth ceased. High
temperatures during flowering explained 68% of the
variation in French bean seed yield (Ridge and Rye
1985). Due to the requirement of mild temperature
conditions, the French bean crop is grown mainly during
rabi season, where the crop gets optimum temperatures.
But, growing French bean crop beyond rabi season puts
the crop at risk due to adverse effects of high
temperature stress.

Plants overcome high temperature stress by adopting
several physiological and biochemical mechanisms.
Thus, in order to adapt the French bean crop cultivation
during summer months where, prevailing temperatures
are around 35°C to 39 °C, it becomes necessary to
identify suitable genotypes. Several techniques have been
adopted for screening genotypes for high temperature
stress tolerance. Several workers adopted the
temperature induction response (TIR) technique, where
seedlings are exposed to an induction temperature and
subsequently to a challenging temperature which is
otherwise lethal to non-induced seedlings (Senthil-Kumar
et al. 2003). It is a potential and versatile technique for
identifying thermo-tolerant genotypes (Gangappa et al.
2006). Hence, the present study was conducted with
an objective to standardize the TIR technique for
screening French bean genotypes and to identify tolerant
genotypes.

Materials and Methods

Plant Material: The studies on standardization of
challenging and induction temperatures were conducted
using French bean cv. Arka Sharath. The seeds were
surface sterilized by treating with 0.1% Carbendizum
for two minutes and washed with distilled water for 4-
5 times. The seeds were soaked for 24 hrs and 100
seeds were placed on the moist germination sheet and
another moist sheet was placed over it. The rolled up
sheets were kept in incubator for 48 hours maintained
at 30°C for 8 hrs and 20°C for 16 hrs. The two day old
seedlings (approximately 0.5 cm in length) were exposed
to induction and challenging temperatures. The

subsequent screening of French bean genotypes was
done using the ten germplasm lines (Table 1) available
in the Division of Vegetable Crops, ICAR-IIHR,
Bengaluru, India.

Determination of challenging temperature: Twenty
five (two day old) seedlings of French bean cv. Arka
Sharath were placed on the moist germination paper in
an aluminium tray and three such trays were used as
replicates. The seedlings were exposed to challenging
temperatures of 43°C, 45°C, 48°C, and 50°C for 3
hours at 60% RH and were allowed to recover at room
temperature for 72 hours. At the end of the recovery
period the percent seedling survival was recorded.

Determination of optimum induction temperature:
In order to determine the optimum induction temperature
twenty five two day old seedlings of cv. Arka Sharath
placed on the moist germination paper in aluminium tray
replicated thrice were subjected to different induction
temperature treatments. The induction temperature
treatments, gradual temperature increase from 30°C to
40°C for 3h and 30°C to 42°C for 3h were imposed
and subsequently the induced seedlings were exposed
to the challenging temperature, 45°C for 3h at 60% RH.
Based on the per cent seedling survival and the maximum
seedling recovery growth, gradual temperature increase
from 30°C to 40°C for    3h was considered to be the
optimum induction temperature.

Recovery Growth: After subjecting the seedlings to
different challenging temperatures and also to induction
followed by challenging temperature, seedlings were

Table 1: French bean genotypes used for screening
Sr.No. Genotype 

1 (IC-525224 x IC-525239)1-5 
2 (IC-525224 x IC-525239)-5 
3 (IC-525224 x IC-525239)-9 
4 (IC-525224 x IC-525239)-12 
5 (IC-525224 x IC-525239)-2 
6 (IC-525224 x IC-525239)IPS-1 
7 (IC-525224 x IC-525239)1-12 
8 (IC-525224 x IC-525239)-1 
9 Arka Sharath 
10 Arka Anoop 

 

Fig 2: Steps involved in standardization of induction tem-
perature

Fig 1: Steps involved in standardization of challenging tem-
perature
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maintained at 30°C for 72 h for recovery growth. A set
of seedlings maintained at 30°C throughout the
experimental period were considered as control. At the
end of recovery period the percent seedling survival
and growth of the surviving seedlings were recorded.

100  
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recovery  theof end at the survived seedlings of No.  survival seedlingcent Per 
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Results and Discussion

Various mechanisms enable plants to adapt to high
temperature stress (Rampino et al. 2009). The capability
to survive at high temperatures is inherent in plants and
acquired thermo tolerance could be induced through
either exposure to sub lethal temperatures (De Klerk et
al. 2012) or to a gradual temperature increase to lethal
levels (Larkindale and Vierling 2008). Evaluation for high
temperature stress tolerance needs to reflect traits that
control basal as well as acquired thermo-tolerance
(Gomathi et al. 2014), as observed in studies on pea
and sunflower (Amutha et al. 2007). Temperature
Induction Response (TIR) is a powerful technique that
has been employed to screen seedlings for high
temperature stress tolerance (Senthil-Kumar 2001). In
this technique, the plantlets are exposed to an optimum
induction temperature before being exposed to a severe
challenging temperature and subsequently allowed to
recover at room temperature. The genotypes that show
the maximum survivability and growth at the end of the
recovery period are selected as thermotolerant
(Srikanthbabu et al. 2002; Kheir et al. 2012). Hence,
these screening studies for high temperature tolerance
take in to consideration the survival and recovery growth
of plantlets/seedlings on exposure to high temperature
stress upon acclimation. In the present study as the
challenging temperature increased from 43°C to 50°C
the reduction in percent seedling survival was observed
in French bean cv. Arka Sharath at the end of recovery
period (72h) (Fig 4A). The seedling recovery growth
also decreased as the challenging temperature increased
from 43°C to 50°C. Based on the percent seedling
survival and recovery growth, the challenging
temperature, 45°C for 3 hrs at which 11% of seedlings
survived with 8% recovery growth over control, was
identified as the challenging
temperature for further screening
of French bean genotypes (Fig
4B). The challenging temperature
for a crop is determined based
on least survival of seedlings and
the challenging temperatures vary

for different crops. The temperature of 48°C for 1 h
was identified for pea (Srikanthbabu et al. 2002) and
55°C from 1 to 3 h for sunflower (Kumar et al. 1999).

Subsequent to standardization of challenging temperature
the induction temperature was identified using the two
day old French bean Cv. Arka Sharath seedlings. The
seedlings were subjected to two induction temperature
regimes, a gradual temperature increase from 30°C to
40°C for 3h and 30°C to 42°C for 3h, followed by
standardized challenging temperature of 45°C for 3h.
The exposure to induction temperature of gradual
increase from 30°C to 42 °C for 3h caused 100 per
cent mortality. The exposure to induction temperature
of 30°C to 40°C for 3h followed by 45°C for 3h showed
60% seedling survival. Hence, the induction temperature
treatment of exposing the two day old seedlings from
30°C to 40°C for 3 h was identified as optimum
induction temperature. Based on the two experiments
the exposure of two day old seedlings to induction
temperature of 30°C to 40°C for 3h and subsequently
followed by challenging temperature of 45°C for 3h
was standardized for further screening of French bean
genotypes. Exposure of seedlings to induction
temperature before subjecting to challenging temperature
enhances seedling survival. Studies have revealed the
activation of heat shock proteins and subsequent trigger
of stress associated gene expression (Prandl et al.
1998).The previous studies on standardization of
induction temperature identified gradual temperature
increase from 28°C to 40°C over 4 h in cotton (Kheir et
al. 2012). Based on higher recovery growth induction
temperature from 35°C to 45°C for 4 h was identified
for sunflower (Amutha et al. 2007).

Standardized protocol for TIR:

Evaluation of French bean genotypes for high
temperature stress tolerance: The evaluation of ten
different French bean genotypes using the standardized
TIR technique showed significant differences in terms
of percent seedling survival after 72 h of recovery period
(Fig 6). Among the genotypes Arka Anoop showed 100
percent seedling survival followed by genotype (IC-
525224 x IC-525239) IPS-1 and (IC-525224 x IC-
525239)1-12 which showed 90% seedling survival. The
least percent survival of 21.67% was observed in
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genotype (IC-525224 x IC-525239)1-5. The differences
in percent reduction in seedling growth were also
observed among the genotypes during recovery period
over control seedlings grown at 30°C temperature. The
genotypes, (IC-525224 x IC-525239) IPS-1, (IC-
525224 x IC-525239) 1-12 and Arka Anoop, with 60%,
65.27 %, 66.30% respectively the reduction in recovery
growth relative to seedlings maintained at ambient
temperatures, showed tolerance to high temperature
stress.

The genetic variability of ten French bean genotypes to
high temperature tolerance was assessed by plotting the

Arka Sharath     Arka Anoop
Fig 3: Comparison among the genotypes

(IC-525224 x IC-525239)-12    (IC-525224 x IC-525239) IPS-1 

Fig 4: Per cent survival of French bean cv. Arka Sharath
seedlings (A) and per cent reduction in recovery growth
over control (B) after exposure to different challenging tem-
peratures. Bars represent the std. error of means at 5% level.

Fig 5: Per cent survival of French bean cv. Arka Sharath
seedlings under two levels of induction temperature fol-
lowed by challenging temperature. Bars represent the std.
error of means at 5% level.

Fig 6: Per cent seedling survival of French bean genotypes
exposed to induction followed by challenging temperature
stress.

Fig. 7: Normal Z-distribution graph of French bean geno-
types on per cent survival and per cent reduction in growth
over control. Quadrant I has the highly tolerant genotypes
and quadrant II and IV includes the moderately tolerant
and quadrant III includes susceptible genotypes

Z distribution, based on percent reduction in recovery
growth and percent seedling survival after recovery
period.  The French bean genotypes were classified into
three different categories as tolerant, moderately tolerant
and susceptible (Fig 7). The classification of tolerant,
moderately tolerant and susceptible genotypes using the
Z distribution plot was followed in cotton (Kheir et al.
2012) and in tomato (Vijayalakshmi et al. 2015).The
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Table 2: Genetic variability in ten French bean genotypes for high temperature tolerance
S No. Genotypes Root length of seedlings exposed to 

induction followed by challenging 
temperature after 72 hr  recovery (cm) 

Root length of control 
seedlings (cm) 

Per cent reduction in 
root length over 

control 
1 (IC-525224 x IC-525239)1-5 3.98 10.26 61.28 
2 (IC-525224 x IC-525239)-5  2.50 10.77 76.83 
3 (IC-525224 x IC-525239)-9  3.15 9.87 64.40 
4 (IC-525224 x IC-525239) -12 4.94 12.05 59.33 
5 (IC-525224 x IC-525239)- 2 4.46 12.30 63.37 
6 (IC-525224 x IC-525239) IPS-1  4.60 9.64 51.73 
7 (IC-525224 x IC-525239) 1-12 4.24 11.15 61.94 
8 (IC-525224 x IC-525239)-1 3.47 9.15 61.57 
9 Arka Sharath 4.70 11.89 59.91 
10 Arka Anoop 4.34 10.51 58.17 
  Mean 4.03 10.75 61.85 
  CD at 5% 1.42 2.71 16.31 
  CV(%) 20.45 14.67 15.38 

 
normal Z distribution of the genotypes studied showed
that the genotypes, (IC-525224 x IC-525239)-12, (IC-
525224 x IC-525239) IPS-1 and Arka Anoop were
located in Quadrant I, which were classified as highly
tolerant. The two genotypes, Arka Sharath and (IC-
525224 x IC-525239)-2 were classified as moderately
tolerant (Quadrant II and IV). The genotypes, (IC-
525224 x IC-525239)-5 and (IC-525224 x IC-525239)-
9 were  grouped  in  Quadrant  III,  as  susceptible.  The
genotypes falling in quadrants I and III are important
because they distinctly differ in thermotolerance. The
genotypic variability in high temperature stress tolerance
has been assessed using the TIR techniques and
contrasting cultivars in pea (Srikanthbabu et al. 2002),
sunflower (Kumar et al. 1999) and tomato (Senthil
Kumar et al. 2004) have been identified.

Though subjecting French bean seedling to challenging
temperatures caused drastic reduction in seedling
survival, the exposure to gradual induction temperature
enhanced seedling survival through activation of inherent
cellular tolerance mechanisms. Hence, for screening the
French bean genotypes, the exposure to induction
temperature followed by challenging temperature is
required to assess the genetic potential of the genotypes.
Each crop species may require different induction and
challenging temperature requirements. Thus, for French
bean, we standardized the induction temperature of
gradual increase from 30°C - 40°C for 3 h followed by
the challenging temperature of 45°C for 3 h in the present
study. Using the standardized TIR technique three
genotypes (IC-525224 x IC-525239)-12, (IC-525224
x IC-525239) IPS-1 and Arka Anoop were identified as
tolerant to high temperature stress.
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lkjka'k

jktek&Qyh ,d “khrdkyhu nyguh lCth gS] ftlds mÙke
fodkl ds fy;s 17&28 fMxzh lsUVhxzsM dk rkieku mfpr gSA
lkekU;r% bl Qly dh [ksrh [kjhQ rFkk joh ekSle esa dh tkrh
gSA xzh’e dky esa] vfr m’.k rkieku ds pyrs jktek&Qyh dh
[ksrh cgqr de dh tkrh gSA tyok;q ifjorZu ds pyrs jktek&Qyh
ds Qyh mRiknu esa deh gksus dh lEHkkouk gSA blhfy;s vf/kd
rkieku esa [ksrh ;ksX; oa”kØe dh igpku djuk vfuok;Z gks x;k
gSA VsEijspj baMD”ku fjLikWal rduhd ¼Vhvkbvkj½ esa ikS/kksa dks lc
yhFky rkieku esa j[krs gSa rkfd mlesa dksf”kdkvksa ds Lrj ij
lgu”khyrk gks tk;s vkSj ikS/ks vkxs vkus okys Å’.k rkieku dks lg
ldsA nks fnu okys jktek&Qyh ds ikS/kksa dks rhu ?kaVs ds fy;s
43&50 fMxzh lsUVhxzsM dk rkieku ij j[kk x;k vkSj 72 ?kaVksa ds
ckn mUgsa :e VsEijspj ij yk;k x;kA izfrykHk ds nkSjku lcls
de mÙkjftfork ¼11 izfr”kr½ vkSj lcls T;knk fodkl esa deh
¼92 izfr”kr½ ds vk/kkj ij 3 ?kaVksa ds fy;s 45 fMxzh lsUVhxzsM dk
rkieku bls pqukSrh rkieku ds :Ik esa igpkuk x;kA lkFk gh
baMD”ku rkieku dh igpku djus ds fy;s jktek&Qyh ds ikS/kksa
dks fofHkUu rkieku okys d{kkvksa esa j[kk x;kA rhu ?kaVksa ds fy;s
30&40 fMxzh lsUVhxzsM dk xzstqvy baMD”ku VsEijspj] ftlesa
izfrykHk ds nkSjku 60 izfr”kr ikS/ks thfor jgs mls mfpr rkieku
igpkuk x;kA jktek&Qyh dh nl fdLeksa dks 30&40 fMxzh
lsUVhxzsM ds LVS.MMZ baMD”ku VsEijspj vkSj mlds ckn 3 ?kaVs vkSj
45 fMxzh lsUVhxzsM ds mPp rkieku ij ij[kk x;kA lHkh fdLeksa
ds ikS/kksa dk izfr”kr fodkLk de izn”kZu jgkA mPp rkieku esa
vkbZih,l&1 ¼vkbZlh&525224 × vkbZlh&525224½] 1&2
¼vkbZlh&525224 × vkbZlh&525224½ ,oa vdkZ vuwi esa Øe”k% 60
izfr”kr] 65-27 izfr”kr vkSj 66-30 izfr”kr ikS/kksa ds fodkl esa deh
ik;h x;hA bl iz;ksx ds rgr jktek&Qyh ds fy;s VhvkbZvkj
rduhd dk ekudhdj.k fd;k x;k] ftlds dkj.k vf/kd rkieku
lgu”khy fdLeksa dh igpku dh tk ldsA
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