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Abstract
Climate is changing and air temperature is rising due to increasing concentration of CO2 and 
other atmospheric greenhouse gases. The rise in atmospheric temperature causes detrimental 
effects on growth, yield, and quality of the crop varieties by affecting their phenology, 
physiology, and yield components. A pot experiment was carried out with ten high yielding 
lentil varieties to assess the effects of high temperature (34oC) on physiological parameters 
yield attributes and yield and to find out temperature stress tolerant varieties. Temperature 
treatments viz. (i) Ambient, (ii) 34oC at flower initiation stage and (iii) 34oC at pod filling 
stage of the 10 lentil varieties viz. Binamasur-2, Binamasur-3,  Binamasur-4, Binamasur-5, 
Binamasur-6, Binamasur-7, Binamasur-8, Binamasur-9, Binamasur-10 and BARI masur-5 
were imposed separately for 7 days in plant growth chamber. Photosynthesis, chlorophyll 
content in leaves, total dry matter and yield attributes decreased under high temperature. 
Temperature imposed at pod growth stage had greater negative effect. The higher yield 
reduction was recorded in Binamasur-2 and Binamasur-3. But the yield loss under high 
temperature was less in two varieties viz. Binamasur-6 and Binamasur-8. 
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Lentil (Lens esculenta Medik.) is an important pulse crop with high protein content, has 
the potential capacity to combat nutritional deficiencies in developing regions and countries. 
High temperature and water stress are significant abiotic stresses that limit production 
worldwide (Sehgalet al. 2017; Gaur et al. 2015). High temperature affects crops through 
either: (i) above-optimum temperatures for an extended period, which increases supply of 
assimilates but reduces grain filling period and yield; or (ii) heat wave responses, which is a 
short period of high temperature (>32oC) that causes non-recoverable reduction in grain set 
and yield potential (Vadezet al. 2012). Together these abiotic stresses, estimated to cause up to 
50% yield loss per annum in pulse crops globally (Gaur et al. 2014). Lentil requires low 
temperatures during vegetative growth, while at maturity, warm temperatures required; the 
optimum temperature for its best growth has been reported to be 18-30oC (Roy et al. 2012). 
Lentil is particularly sensitive to high temperature (>30oC) during the reproductive phase, 
causing pod and flower abortion and significant reduction in grain yield and quality ((Sitaet 
al. 2017). Yield was reduced by 87% for lentils grown in pots under field conditions with high 
temperature during the reproductive phase (38oC day time, 23oC night) (Bhandariet al. 2016), 

and grain set was observed to be the most sensitive yield component (Bhandariet al. 2016; 
Gaur et al. 2015). In Bangladesh, lentil sowings occasionally get postponed because of the 
delayed harvest of the preceding crop, mostly T. Aman rice. The lentil crop is then adversely 
affected by the high approaching summer temperatures, leading to low grain yields and poor 
grain quality (Tickooet al. 2005). Efforts can be made to increase area as well as yield of 
lentil crops by the use of temperature stress tolerant varieties. So the experiment was 
conducted to evaluate ten high yielding lentil varieties to observe the effect of high 
temperature and to find out temperature tolerant varieties.

A pot experiment was carried out with ten high yielding lentil varieties cultivating by 
the farmers to assess the effects of high temperature (34oC) on photosynthesis, chlorophyll 
content (SPAD reading) in leaves, dry mass production, yield attributes and yield and to find 
out temperature stress tolerant varieties. The experiment was conducted during November 
2017 to March 2018 at BINA, Mymensingh, Bangladesh. Seeds were sown in pots on 21 
November 2017. Each pot contained 8 Kg of soils (Silty loam, organic matter 1.05%, total N 
0.07%, available P 14.3 ppm, exchangeable K 0.25 meq.per 100g soil, available S 13.2 and 
soil pH 6.67). The experiment was laid out in a Complete Randomized Design with three 
replications. Recommended dose of fertilizers was applied and other cultural practices were 
followed as and when required. Temperature treatments viz. (i) Ambient, (ii) 34oC at flower 
initiation stage and (iii) 34oC at pod filling stage of the lentil varieties viz. Binamasur-2, 
Binamasur-3,  Binamasur-4, Binamasur-5, Binamasur-6, Binamasur-7, Binamasur-8, 
Binamasur-9, Binamasur-10 and BARI Masur-5 were imposed separately for 7 days in 
controlled plant growth chamber (RH 80%, CO2 330 ppm).  The nitrate reductase activity, 
chlorophyll content and photosynthetic rate of leaves were determined during temperature 
imposed. At harvest, total dry matter, seed yield and yield related parameters were recorded. 
Photosynthetic rate was recorded using Portable Photosynthesis System LI-6400XT, LI-COR 
Inc., Lincoln, NE, USA. Statistical analysis was done as per design used with the help of 
MSTAT computer packages.

Results indicated that high temperature imposed either at flower initiation stage or pod 
growth stage had high significant negative influence on plant parameters (Table 1). But 
temperature imposed at pod development stage had greater negative influence on morpho-
physiological parameters as well as seed yield than temperature imposed at flowering stage. 
The results agreewith Bhandaryet al. (2016), Kumar et al. (2016) and Delahuntyet al. (2018) 
who stated that morpho-physiological parameters of lentil decreased under high temperature. 
Binamasur-6, Binamasur-8 and Binamasur-10 showed taller plants, Binamasur-7 showed 
higher photosynthetic rate, and BARI Masur-5 and Binamasur-9 had higher seed yield and 
harvest index under high temperature (Table-2). But seed yield drastically reduced under 
high temperature in all varieties at any growth stage (Fig. 1). Higher yield reduction was 
recorded in Binamasur-2 and Binamasur-5 (Fig. 1). Yield loss under high temperature was 
less in two varieties viz. Binamasur-6 and Binamasur-8 and showed tolerance to high 
temperature. 

Table 1. Growth stages on morpho-physiological parameters and yield traits of lentil varieties as 
affected by high temperature

In a column, figure (s) with same letter do not differ significantly at P#0.05 by DMRT; ** indicates significant at 
1 % level of probability

Table 2. Variation in morpho-physiological parameters, seed yield and yield attributes of 10 
lentil varieties under high temperature 

In a column, figure(s) with same letter do not differ significantly at P#0.05 by DMRT;  ** indicates significant at 
1 % level of probability

Fig. 1. Interaction effect of high temperature between variety and growth stage on seed yield in lentil 

Vertical bar represents Lsd0.05. V1 = Binamasur-2, V2 = Binamasur-4, V3 = BARI Masur-5, 
V4 = Binamasur-10, V5 = Binamasur-5, V6 = Binamasur-7, V7 = Binamasur-3, V8 = 
Binamasur-9, V9 = Binamasur-8, V10 = Binamasur-6; T1 = Control, T2 = 34oC temperature 
imposed at flowering stage, T3 = 34oC temperature imposed at pod growth stage
High temperature at flowering or grain filling stage severely affected yield and attributes of 
the lentil varieties. But temperature imposed at grain filling stage had greater negative 
influence. Among ten lentil varieties, Binamasur-6 and Binamasur-8 had some tolerance to 
high temperature.
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Fig. 1. Interaction effect of high temperature between variety and growth stage on seed yield in lentil 

Vertical bar represents Lsd0.05. V1 = Binamasur-2, V2 = Binamasur-4, V3 = BARI Masur-5, 
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PHOTOSYNTHESIS, DRY MATTER PRODUCTION AND
YIELD PERFORMANCE OF LENTIL VARIETIES

UNDER HIGH TEMPERATURE

M. T. Islam* and M. A. Haque

Abstract
Climate is changing and air temperature is rising due to increasing concentration of CO2 and 
other atmospheric greenhouse gases. The rise in atmospheric temperature causes detrimental 
effects on growth, yield, and quality of the crop varieties by affecting their phenology, 
physiology, and yield components. A pot experiment was carried out with ten high yielding 
lentil varieties to assess the effects of high temperature (34oC) on physiological parameters 
yield attributes and yield and to find out temperature stress tolerant varieties. Temperature 
treatments viz. (i) Ambient, (ii) 34oC at flower initiation stage and (iii) 34oC at pod filling 
stage of the 10 lentil varieties viz. Binamasur-2, Binamasur-3,  Binamasur-4, Binamasur-5, 
Binamasur-6, Binamasur-7, Binamasur-8, Binamasur-9, Binamasur-10 and BARI masur-5 
were imposed separately for 7 days in plant growth chamber. Photosynthesis, chlorophyll 
content in leaves, total dry matter and yield attributes decreased under high temperature. 
Temperature imposed at pod growth stage had greater negative effect. The higher yield 
reduction was recorded in Binamasur-2 and Binamasur-3. But the yield loss under high 
temperature was less in two varieties viz. Binamasur-6 and Binamasur-8. 

Key words: Dry matter, high temperature, photosynthesis, yield, lentil

Lentil (Lens esculenta Medik.) is an important pulse crop with high protein content, has 
the potential capacity to combat nutritional deficiencies in developing regions and countries. 
High temperature and water stress are significant abiotic stresses that limit production 
worldwide (Sehgalet al. 2017; Gaur et al. 2015). High temperature affects crops through 
either: (i) above-optimum temperatures for an extended period, which increases supply of 
assimilates but reduces grain filling period and yield; or (ii) heat wave responses, which is a 
short period of high temperature (>32oC) that causes non-recoverable reduction in grain set 
and yield potential (Vadezet al. 2012). Together these abiotic stresses, estimated to cause up to 
50% yield loss per annum in pulse crops globally (Gaur et al. 2014). Lentil requires low 
temperatures during vegetative growth, while at maturity, warm temperatures required; the 
optimum temperature for its best growth has been reported to be 18-30oC (Roy et al. 2012). 
Lentil is particularly sensitive to high temperature (>30oC) during the reproductive phase, 
causing pod and flower abortion and significant reduction in grain yield and quality ((Sitaet 
al. 2017). Yield was reduced by 87% for lentils grown in pots under field conditions with high 
temperature during the reproductive phase (38oC day time, 23oC night) (Bhandariet al. 2016), 

and grain set was observed to be the most sensitive yield component (Bhandariet al. 2016; 
Gaur et al. 2015). In Bangladesh, lentil sowings occasionally get postponed because of the 
delayed harvest of the preceding crop, mostly T. Aman rice. The lentil crop is then adversely 
affected by the high approaching summer temperatures, leading to low grain yields and poor 
grain quality (Tickooet al. 2005). Efforts can be made to increase area as well as yield of 
lentil crops by the use of temperature stress tolerant varieties. So the experiment was 
conducted to evaluate ten high yielding lentil varieties to observe the effect of high 
temperature and to find out temperature tolerant varieties.

A pot experiment was carried out with ten high yielding lentil varieties cultivating by 
the farmers to assess the effects of high temperature (34oC) on photosynthesis, chlorophyll 
content (SPAD reading) in leaves, dry mass production, yield attributes and yield and to find 
out temperature stress tolerant varieties. The experiment was conducted during November 
2017 to March 2018 at BINA, Mymensingh, Bangladesh. Seeds were sown in pots on 21 
November 2017. Each pot contained 8 Kg of soils (Silty loam, organic matter 1.05%, total N 
0.07%, available P 14.3 ppm, exchangeable K 0.25 meq.per 100g soil, available S 13.2 and 
soil pH 6.67). The experiment was laid out in a Complete Randomized Design with three 
replications. Recommended dose of fertilizers was applied and other cultural practices were 
followed as and when required. Temperature treatments viz. (i) Ambient, (ii) 34oC at flower 
initiation stage and (iii) 34oC at pod filling stage of the lentil varieties viz. Binamasur-2, 
Binamasur-3,  Binamasur-4, Binamasur-5, Binamasur-6, Binamasur-7, Binamasur-8, 
Binamasur-9, Binamasur-10 and BARI Masur-5 were imposed separately for 7 days in 
controlled plant growth chamber (RH 80%, CO2 330 ppm).  The nitrate reductase activity, 
chlorophyll content and photosynthetic rate of leaves were determined during temperature 
imposed. At harvest, total dry matter, seed yield and yield related parameters were recorded. 
Photosynthetic rate was recorded using Portable Photosynthesis System LI-6400XT, LI-COR 
Inc., Lincoln, NE, USA. Statistical analysis was done as per design used with the help of 
MSTAT computer packages.

Results indicated that high temperature imposed either at flower initiation stage or pod 
growth stage had high significant negative influence on plant parameters (Table 1). But 
temperature imposed at pod development stage had greater negative influence on morpho-
physiological parameters as well as seed yield than temperature imposed at flowering stage. 
The results agreewith Bhandaryet al. (2016), Kumar et al. (2016) and Delahuntyet al. (2018) 
who stated that morpho-physiological parameters of lentil decreased under high temperature. 
Binamasur-6, Binamasur-8 and Binamasur-10 showed taller plants, Binamasur-7 showed 
higher photosynthetic rate, and BARI Masur-5 and Binamasur-9 had higher seed yield and 
harvest index under high temperature (Table-2). But seed yield drastically reduced under 
high temperature in all varieties at any growth stage (Fig. 1). Higher yield reduction was 
recorded in Binamasur-2 and Binamasur-5 (Fig. 1). Yield loss under high temperature was 
less in two varieties viz. Binamasur-6 and Binamasur-8 and showed tolerance to high 
temperature. 

Table 1. Growth stages on morpho-physiological parameters and yield traits of lentil varieties as 
affected by high temperature

In a column, figure (s) with same letter do not differ significantly at P#0.05 by DMRT; ** indicates significant at 
1 % level of probability

Table 2. Variation in morpho-physiological parameters, seed yield and yield attributes of 10 
lentil varieties under high temperature 

In a column, figure(s) with same letter do not differ significantly at P#0.05 by DMRT;  ** indicates significant at 
1 % level of probability

Fig. 1. Interaction effect of high temperature between variety and growth stage on seed yield in lentil 

Vertical bar represents Lsd0.05. V1 = Binamasur-2, V2 = Binamasur-4, V3 = BARI Masur-5, 
V4 = Binamasur-10, V5 = Binamasur-5, V6 = Binamasur-7, V7 = Binamasur-3, V8 = 
Binamasur-9, V9 = Binamasur-8, V10 = Binamasur-6; T1 = Control, T2 = 34oC temperature 
imposed at flowering stage, T3 = 34oC temperature imposed at pod growth stage
High temperature at flowering or grain filling stage severely affected yield and attributes of 
the lentil varieties. But temperature imposed at grain filling stage had greater negative 
influence. Among ten lentil varieties, Binamasur-6 and Binamasur-8 had some tolerance to 
high temperature.
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