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ABSTRACT 

The present work was done at Haringhata block of Nadia district, West Bengal. Five popular rice (Oryza 

sativa L.) varieties namely G.B.-I, I.R.-64, I.E.T.-4094, Annada and Lalat were taken in the present study 
to select an energy-efficiency variety. The transpiration rates as well as the photosynthetic rates of the 

said rice varieties were measured to select such a variety where transpiration rate is minimum but 

photosynthetic rate is higher i.e. the variety consumed less energy during transpiration but earn 
comparatively more energy and can store it as food during photosynthesis. It has been found that I.R.-64 

has maximum photosynthetic rate (0.050) followed by Lalat (0.040). The lowest transpiration rate has 

been found in case of Annada and I.E.T.-4094 (each with 0.10gm/hr./plant) followed by I.R.-64 (0.19 

gm/hr./plant) and Lalat (0.21gm/hr./plant). Hence, I.R.-64 is the most suitable variety among the studied 
varieties of rice so far the energy-efficiency is concerned.  
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INTRODUCTION 
Rice (Oryza sativa L.) is one of the important food grains of the world. It is cultivated in the major part of 

the agricultural land of West Bengal because majority of the people of West Bengal take rice as main 

food. In rice cultivation, farmers have to spend a lot of money for irrigation purpose. Like others, rice 

plants also release water vapour in the environment through the stomata during transpiration. Metabolic 
energy is consumed in this process. On the other hand, during irrigation energy is consumed in the form 

of electricity or diesel etc. Transpiration rate is directly proportionate to the irrigation i.e. more 

transpiration needs more irrigation and vice versa. Like other plants rice plant also stored solar energy in 
the form of chemical energy during photosynthesis. De Costa et al., (2003) studied on the response of 

photosynthesis and water relations of rice. Heinemann et al., (2011) worked on the transpiration rate 

response to water deficit during vegetative and reproductive phases of upland rice cultivars. Enhancement 

of rice leaf photosynthesis by crossing between cultivated rice, Oryza sativa and wild rice species, Oryza 
rufipogon was work out by Masumoto et al., (2004). Response of single leaf photosynthesis and 

transpiration to red light and UV-A radiation in two different plant-type rice cultivars (Oryza sativa L.) 

was studied earlier (Phyo and Chung, 2013). But no work has been done still now on comparative 
analysis of transpiration and photosynthetic rates of different rice varieties to develop an energy 

efficiency rice variety. In the present investigation, transpiration rate and photosynthetic rate of five 

popular rice varieties namely G.B.-I, I.R.-64, I.E.T.-4094, Annada and Lalat were determined and 
comparative analysis was made among them. The purpose was to select such an energy efficiency variety 

where minimum transpiration rate but maximum photosynthetic rate is found i.e. it consumes less energy 

during transpiration and gained more energy during photosynthesis. It is claimed to be first in this regard 

to evolve an energy efficiency variety based on transpiration and photosynthetic rates.  
  

MATERIALS AND METHODS 

Collection of Different Rice Varieties and Seedling Production 
The seeds of the following popular five type of rice (Oryza sativa L.) varieties of Haringhata block of 

Nadia district, West Bengal were collected from Gotra Samabai Krishi Unnayan Samiti Limited 

(Shimurali, Nadia, W.B.) -  
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(i) G.B.-I 

(ii) I.R.-64 

(iii) I.E.T.-4094  
(iv) Annada and 

(v) Lalat 

Twenty grams of seeds of each variety was sown in the soil of earthen pots separately. The earthen pots 
were with equal size and filled with same quantity of similar soil. The seeds were kept for 48 hours on 

water soaked blotting paper which was placed in petri dish. The same quantity of water was given in each 

pot in equal intervals. Separate sets were done for each variety. The further experiments were carried out 

when the age of the rice seedling was 20 days (Figure 1.A).  

Determination of Transpiration Rate 

For determination of transpiration rate, five conical fluxes (100 ml) were taken and 100 ml distilled water 

was poured in each flux.  
Five rice seedling of each variety were uprooted from the pots separately and roots were washed with 

water carefully so that the root hairs were not damaged. Five rice seedlings of same variety were taken in 

conical flux keeping the roots under the water of the flux.  
To protect the evaporation of the water of the conical flux, two drops of coconut oil was poured above the 

surface of the water.  

To keep the plants in fixed position cotton plugging was done in the mouth of the conical flux. Same 

process was followed for each rice variety. Three replicas were done for each variety. 
The weight of each conical flux (W1) was taken in digital balance separately. The fluxes were kept in 

bright sunshine for four hours. After that the weight of each conical fluxes (W2) were taken again. The 

water, transpired through rice plants was calculated by subtracting W2 from W1 in each set (Figure 1.E).  

Determination of Photosynthetic Rate 

The photosynthetic rate was measured following the modified method of Williamson, 2008 (‘floating leaf 

disc assay’). For this experiment the following materials were used –  

(i) Rice leaf 
(ii) Sodium bicarbonate 

(iii) Liquid soap 

(iv) Plastic syringe (10 cc) 
(v) Puncher 

(vi) Plastic cup 

(vii) Stop watch  
Sodium bicarbonate solution (0.2%) was prepared. Bicarbonate acts as the dissolved source of CO2 in 

photosynthesis. Four drops of liquid soap were given to this solution to make the surface of the leaf disc 

hydrophobic wet. For each set of variety 10 uniform leaf discs were cut with puncher avoiding the main 

vein of the leaf (Figure 1.B).  
After detaching the needle of the syringe, the plunger was removed and 10 leaf discs and 2 ml 0.2% 

sodium bicarbonate solution were poured in the syringe barrel. After placing the piston into the barrel the 

functional volume of the barrel was made up to 1ml. The plunger was drawn back to make a vacuum after 
holding a finger over the mouth of the syringe. The vacuum was kept for 10 seconds (Figure 1.C).  

The bi-carbonate solution infiltrates the air spaces in the leaf causing the leaf discs to sink. This process 

was repeated 2 – 3 times in order to get all the discs to sink. The bicarbonate solution together with the 
leaf discs were poured into a transparent plastic cup (Figure 1.D). The height of the solution in the cup 

was made up to 3cm by adding excess bicarbonate solution.  

Different sets were prepared for different varieties and the sets were kept in bright sunlight. The number 

of leaf discs floated in the solution from sink condition was counted at every 5 minutes intervals. The 
time taken to float half number of the discs was determined for each rice varieties. This value was 

designated as Floating Time 50 or FT50. The variety with less FT50 has the higher rate of photosynthesis i.e. 

it was an inverse relationship. Hence, 1/FT50 was the photosynthetic rate. 
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 RESULTS AND DISCUSSION 

It has been found from the present study that the G. B.-I variety beard the highest rate of transpiration 

(rate 0.40 gm/hr./plant) followed by Lalat (rate 0.21 gm/hr./plant). I.R.-64 showed 0.19 gm/hr./plant 
transpiration rate which is the second lowest among the studied five rice varieties. The lowest rate of 

transpiration (0.10) was noticed in case of I.E.T.-4094 and Annada (Table-I, Figure 2). So, I.E.T.-4094, 

Annada and I.R.-64 need comparatively less irrigation than the other studied varieties of rice because 
these varieties have lower transpiration rates.  

 

 
Figure 1: A. Seedlings of five different varieties of rice in different pots, B. Cutting of leaf disc for 

determination of photosynthetic rate, C. Reduction of air pressure artificially in syringe, D. The 

leaf disc sink in bicarbonate solution due to release of air, E. Experimental set-up for determination 

of transpiration rate of different rate of different varieties of rice 
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Table I: The transpiration rates of different rice varieties 

Sl. No. Variety 

of Rice 

Averag weight of 

conical flux before 

transpiration count 

down (W1) 

 Average weight of 

conical flux after 

transpiration count 

down (W2) 

 

W1 - W2 

(gm) 

Rate of 

transpiration 
(gm/hr./plant) 

1. 

2. 
3. 

4. 

5. 

G.B.-I 

I.R.-64 
I.E.T.-4094 

Annada 

Lalat 

148.3 

180.7 
164.6 

176.8 

148.5 

140.3 

176.8 
162.5 

174.7 

144.3 

8.0 

3.9 
2.1 

2.1 

4.2 

0.40 

0.19 
0.10 

0.10 

0.21 

 

 Table II: The Photosynthetic rates of different rice varieties 

Sl. No. Variety of Rice Floating Time 50 

(FT50) 

Rate of Photosynthesis 

(1/ FT50) 

1. 

2. 

3. 

4. 

5. 

G.B.-I 

I.R.-64 

I.E.T.-4094  

Annada  

Lalat 

40 

20 

30 

45 

25 

0.025 

0.050 

0.033 

0.022 

0.040 

 

It has been found from the present result that the photosynthetic rate of I.R.-64 variety was maximum 
(0.050) among the five rice varieties. Second highest rate (0.040) was noticed in case of Lalat variety. The 

photosynthetic rate of I.E.T.-4094, G.B.-I and Annada were 0.033, 0.025 and 0.022 respectively (Table-II, 

Figure 3). So, I.R.-64 can acquire more solar energy during photosynthesis in the form of food than the 
other varieties. 

Hence, after comparative analysis of transpiration and photosynthetic rates of five different rice varieties 

it can be concluded that the photosynthetic rate of I.R.-64 variety was maximum i.e. it conserved more 

energy than other varieties and the transpiration rate was second lowest i.e. the energy consumed during 
transpiration was not so much in case of I. R.-64. Hence, I.R.-64 rice variety may be the most suitable 

among the studied varieties for farmers so far the energy efficiency was concerned.  
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Figure 2: Transpiration rates of

different rice varieties
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different rice varieties
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