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MS received 

 
Study was conducted to understand the changes in grain quality parameters of tropical rice cultivar cv. Naveen, a high yielding variety 
of CRRI, Orissa, to elevated CO2 concentration of 600 mol CO2 mol–1 using Free Air Carbon dioxide Enrichment (FACE) technology 
at IARI, New Delhi. It was compared with ambient CO2 concentration of 370 mol mol–1. Elevated CO2 resulted in significant changes 
in the yield and grain quality of rice cultivar, in comparison to plants grown under the ambient conditions. Head rice recovery, WUE, 
amylose content, grain elongation ratio after cooking were increased by 25.5%, 27%, 4.5% and 3.9% respectively under elevated CO2 
grown plants. Reducing sugar, non-reducing sugar, total sugar content and total non-structural carbohydrate were significantly in-
creased in grains under elevated CO2 condition. Elevated CO2 brought about significant decrease in the protein content of the grain 
which might be due the dilution effect. The micro nutrient of the rice-grain was also studied which showed increase in Zn and Fe con-
tent, but not up to significant level in elevated CO2 grown plants. The increased CO2 concentration in the growing environment facili-
tated by FACE technology may help breeders to select rice genotypes, which are responsive to the elevated CO2 with better sink 
potential. This study will help in developing rice cultivars positively responding to elevated CO2 up to 600 mol mol–1 for changing 
climatic conditions on the basis of realistic biological data obtained using facilities close to near natural conditions. 
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Introduction 
 
Rice plays a pivotal role in Indian economy and is the 
staple food for two thirds of the population. With 
44.62 million hectares, India ranks first in area, sec-
ond in production with 31% of calories to Indian diet 
supplied by rice. Although the protein content of rice 
is relatively low (8.5%) compared to other cereals like 
wheat (12.3%), barley (12.8%) and millet (13.4%), it 
is considered as one of the highest quality cereal pro-
tein being rich in lysine (3.8%) – the first limiting 
amino acid. True protein digestibility (TD) and the 
biological value (BV) of rice are also high as com-
pared to other cereals. Notwithstanding the nutritive 
properties, consumer preference plays a dominant role 
in localization and adoption of varieties. Socio-
religious traditions also play a major role in adding 
diversity to morphological features especially to grain 
characters, aroma and endosperm properties for spe-

cialist preparation products and even medicinal use. It 
is uncertain that possible quality considerations, food 
consumption patterns and taste preferences had over-
whelming influence on farmers of Indian sub-
continent, to carefully select and improve the best 
qualities of rice which are most preferred. Consumers 
base their concept of quality on the grain appearance, 
size and shape of the grain, behaviour upon cooking, 
taste, tenderness and flavour of cooked rice. The 
cooking quality preferences vary within the country, 
within ethnic groups and from one country to another 
and within different geographical regions (Juliano et 
al., 1971). 
 
The current atmospheric concentration of CO2 has 
increased exponentially from 274 μmol mol–1 to 
370 μmol mol–1 since pre industrial period. It is  
expected to rise up to 600 μmol mol–1 by the end of 
next century due to anthropogenic changes (Keeling et 
al., 1995). Agricultural crop production was affected 
significantly by the rise in atmospheric CO2. The  
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innovative approaches for conducting long-term  
experiments were developed to study the impact of the 
elevated CO2 on crops. The response of crop plants to 
the CO2 enrichment has been studied since last few 
years using open top chambers (Idso and Kimball, 
1997). The long-term experiments have been done in 
India to study the effect of elevated CO2 on important 
crops like rice and Brassica (Uprety and co-workers, 
1995, 1998, 1999, 2000, 2001, 2002, 2003). However, 
due to smaller size, manual maintenance of CO2 con-
centration and slightly different light and temperature 
inside OTC, may make them less natural than open 
fields. Thus attempts were made to develop tech-
niques, which could maintain elevated CO2 concentra-
tion over open field plots, despite the challenges 
imposed by winds causing rapid dispersal of CO2 
(Drake et al., 1989; Lawlor and Mitchell, 1991; 
Uprety et al., 1995). 
 
The limitations of OTC technology have been over-
come by developing the Free Air CO2 Enrichment 
(FACE) technology for fumigation of CO2 in open 
fields (Hartley et al., 2000). The design of FACE sys-
tem was based on the principles of injecting additional 
CO2 gas in open fields suitably to attain a pre-deter-
mined elevated level of gas concentration with uni-
form distribution in the fields under the varying 
meteorological conditions of wind, temperature and 
humidity.  
 
Materials and method 
 
FACE technology 
 
Rice (cv. Naveen, photoperiod non sensitive) was 
grown in a kharif cropping season in 8 m diameter 
octagon-shaped FACE ring. The plenum was made of 
flexible irrigation pipe having 20 cm diameter and the 
600 μmol mol–1 CO2 was injected through the large 
number of holes made in the pipe. All eight nodes of 
the octagon have independent control of CO2 with the 
help of computer controlled PID valves. CO2 was in-
jected from 25 gas cylinders storage with manifold, 
valves and flow meters containing CO2 regulating 
system to the input blower for mixing. The fumigation 
of the gas from the plenum was made at the center of 
the field 10 × 15 cm above the crop canopy level to 
reduce CO2 gradients and made the CO2 concentration 
uniform. The plenum height was adjusted time to time 
to the height of the canopy with the help of adjustable 

stands. A PC-based system controller was used to 
control the PID valves for achieving the required CO2 
concentration in the FACE ring. The system controller 
controls as well as analyses and displays the data on 
graphic terminal. Daily mean temperature, CO2 con-
centration, relative humidity, wind speed, wind direc-
tion, light intensity data were recorded for the crop 
season.  
 
After three months of harvest, samples were cleaned 
thoroughly using winnower to remove the chaff and 
other foreign matters and dried in hot air oven up to 
12–14% moisture content. Analysis of all traits was 
done in three replications. 
 
Physical properties 
 
Kernel length, kernel breadth and length–breadth ratio 
were measured by dial micrometer (Ramiah, 1969). 
Hulling and milling were done by using standard rice 
huller (Merca and Juliano, 1981) and rice polisher 
(Satake TMO5A) respectively. After cleaning and 
weighing the dehusked kernel (brown rice) the hulling 
percentage was calculated. Dehusked kernels were 
polished to remove bran and the milling percentage 
was calculated. 
 
Chemical properties 
 
Alkali spreading value was analysed following Little 
et al. (1958) and Amylose content was analysed fol-
lowing Juliano (1971). 
 
Cooking characters 
 
Water uptake and volume expansion ratio were calcu-
lated (Anonymous, 2004; Beachell and Stansel, 1963). 
Similarly kernel length after cooking and elongation 
ratio were measured following Azeez and Shafi 
(1966).  
 
Biochemical analysis 
 
The reducing and total sugars were determined calo-
rimetrically by arsenomolybdate method (Nelson et 
al., 1944). Non-reducing sugar was obtained by sub-
tracting the amount of reducing sugar by that of total 
sugar. Starch content was estimated by anthrone 
method (McCready et al., 1950). Percentage of pro-
tein was estimated using Bradford method (1976). 
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Table 1. Grain quality parameters of rice cultivar Naveen under ambient CO2 and elevated CO2 (FACE) conditions 

 Grain  Hull Mill HRR KL KB L/B Al-value WU  KLAC  AC 
  type (%) (%) (%) (mm) (mm) ratio (ASV) (ml) VER (mm) ER (%) 
 

Amb FACE SB 75.33 68.33 48.03 5.06 2.1 2.4 5.5 80.3 4 9.2 1.76 23.2 
Elev FACE SB 79.6 73.53 60.3 5.35 2.42 2.23 6 102 4 9.2 1.83 24.3 
CD 5%  2.54 3.94 6.95 NS 0.17 NS NS 5.5 NS NS NS NS 
SE (d)  0.54 0.85 1.5 0.18 0.03 0.09 0.57 1.2 0.57 0.2 0.04 0.25 
SE (m)  0.38 0.6 1.06 0.13 0.02 0.07 0.4 0.8 0.4 0.14 0.03 0.18 
CV  0.86 1.46 3.39 4.31 2.08 5.21 12.2 1.6 17.67 2.66 2.89 1.31 

SB = Short bold; HRR = Head rice recovery%; KL = Kernel Length (mm); KB = Kernel breadth (mm); L/B = Length breadth ratio; Alk-
Val = Alkali spreading value (ASV); WU = Water Uptake (ml); VER = Volume expansion ratio; KLAC = Kernel Length after expansion (mm); 
ER = Elongation ratio; AC = Amylose content %. 
 

 

 
 
Figure 1. Micronutrient content in rice cultivar Naveen under 
ambient CO2 and elevated CO2 (FACE) conditions. 
 

 

Percentage of total lipids was estimated using Bligh 
and Dyer (1959) method. 
 
Results and discussion  
 
Atmospheric CO2 concentration has risen from 
280 μmol mol–1 in pre-industrial era to 372 μmol mol–1 
today (http://www.esrl.noaa.gov/gmd/ccgg/trends/). 
Elevated CO2 alone can increase crop productivity but 
the accompanying changes in temperature and humi-
dity may have negative effects. Elevated CO2 in 
FACE treatment resulted significant changes in the 
grain composition of rice (cv. Naveen) as compared to 
the ambient (372 μmol mol–1) condition. The plants 
grown under elevated CO2 showed increase in the 
productivity as observed from the grain yield parame-
ters. Changes in temperature, RH%, light intensity, 
wind speed, wind direction and rainfall had an impor-
tant role throughout the cropping season. Head rice 
recovery, water use efficiency (WUE) and amylose 
content were increased, about 25.5%, 27% and 4.5% 

respectively. Apart from this an increase of 3.9% in 
the grain elongation ratio, after cooking, was also obser-
ved (Table 1). Linear elongation ratio less than 1.32 is 
undesirable (Dipti et al., 2003; Krishnaveni and Rani, 
2008). However, there are evidences suggesting the 
sustenance of the CO2 induced changes in the compo-
sition of amylose in rice grains, resulting into easy 
gelatinization and higher viscosity on cooking (Khush 
et al., 1988; Shikari et al., 2008; Uprety et al., 2010).  
 
Reducing sugar, non-reducing sugar and total sugar 
content in grains significantly increased under eleva-
ted CO2 condition. Elevated CO2 brought about signi-
ficant decrease in the protein content of the grain 
which might be due the dilution effect of increase in 
biomass. Kernel length and L/B were not significant, 
but the Kernel breadth slightly increased under eleva-
ted CO2 condition. Alkali spread value and water  
uptake was found significantly higher in the elevated 
CO2 grown plants (Table 1). Micro nutrient study of 
the rice grain was also conducted. There was a slight 
increase in Zn and Fe content, but not up to the sig-
nificant level at the elevated CO2 condition (Figure 1). 
Hence, the rising atmospheric CO2 affects the grain 
quality and also resulted in slightly higher micronutri-
ent content like Fe, which can be exploited to produce 
Fe-rich rice grains for the future mal-nutritive world 
(Vanaja and Babu, 2006). 
 
The synthesis of the CO2 induced changes in the 
chemical composition and nutritional qualities of the 
grains have been discussed (Uprety et al., 2010). It 
was demonstrated that the rise in atmospheric CO2 
affects the nutritional and industrial application prop-
erties of the grains of crop plants. The grain proteins 
and other nutritionally important constituents were 
significantly reduced, thereby adversely affecting the 
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Figure 2. Grain bio-chemical parameters of rice cultivar Naveen under ambient CO2 and elevated CO2 (FACE) conditions. 
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nutritional and bread making quality in wheat. How-
ever, there are evidences suggesting the sustenance of 
the bread making properties by fertilizer application. 
Similarly, the CO2-induced changes in the composi-
tion of starch in rice grains resulted into easy gelatini-
zation and higher viscosity on cooking (Cagampang et 
al., 1973). These grains bring firmness due to increase 
in amylose content. Adequately larger size of grains 
was the outcome of the elevated CO2 effects, in Bras-
sica species. It increased the oil content due to greater 
acetyl CoA enzyme activity and also helps in regulat-
ing fatty acid biosynthesis. Some of the nutritionally 
undesirable fatty acids were significantly reduced in 
this process, making this oil less harmful for heart 
patients.  
 
The elevated CO2 treatment significantly increased 
the total sugar, non reducing sugar, reducing sugar 
and starch content in Naveen cultivar. The increase in 
total sugar was 19.3%. The CO2-induced enhancement 
in reducing and non-reducing sugars was 20.4%. 
Lipid and starch content in rice grains were increased 
by 13.8% and 6.2% respectively and lipid in bran and 
brown rice was increased by 13.5 and 9.3% respecti-
vely in elevated CO2 treatments. But contents of protein 
and TNC were reduced by 24.6% and 14.6% respec-
tively under elevated CO2 (Figure 2) conditions. The 
adequate use of fertilizer application and selection 
pressure of breeders may significantly contribute in 
developing cultivars, which will counter the adverse 
effect of rising atmospheric CO2 on grain quality. 
 
Acknowledgement 
 
We thank Director CRRI and IARI for their help and 
support in conducting the experiment. 
 
References 
 

Anonymous 2004 Laboratory manual on rice grain quality proce-
dures (Directorate of Rice Research Rajendranagar, Hydera-
bad, India) pp 1–20. 

Azeez M H and Shafi M 1966 Quality in rice (Technical Bulletin 
13, Department of Agriculture, Government of West Pakistan, 
Lahore) p 50. 

Beachell H M and Stansel J W 1963 Selecting rice for specific 
cooking characteristics in a breeding programme; Int. Rice. 
Comm. Newsl. 

Bligh E G and Dyer W J 1959 A rapid method for total lipid ex-
traction and purification; Can J Biochem Physiol 37 : 911–917. 

Bradford M M 1976 A rapid and sensitive method for quantifica-
tion of microgram quantities of protein utilizing the principle 
of protein-dye binding; Ann Bot 72 : 248–254. 

Cagampang G B, Perez C M and Juliano B O 1973 A gel consis-
tency test for eating quality of rice; J Sci Food Agri 24 : 1589–
1594. 

Dipti S S, Bari M N and Kabir K A 2003 Grain quality character-
istics of some Beruin Rice varieties of Bangladesh; Pak J Nutri 
2 : 242–245. 

Drake B G, Leadley P W, Arp W J, Nassiry D and Curtis P S 
1989 An open top chamber for field studies of elevated atmo-
spheric CO2 concentration on salt marsh vegetation; Funct Ecol 
363–371. 

Hartley S E, Jones C G and Couper G C 2000 Biosynthesis of 
plant phenolic compounds in elevated atmospheric CO2; 
Global Change Biol 6 : 497–506. 

Idso S B and Kimball B A 1997 Effect of long term atmospheric 
CO2 enrichment on the growth and fruit production of sour or-
ange trees; Global Change Biol 3 : 89–97. 

Juliano B O 1971 Amylose analysis in rice – A review; in Proc. 
workshop on chemical aspects of rice grain quality (IRRI, Los 
Baños) pp 251–260. 

Keeling C D, Whorf M, Wahlen T P and Van der Plicht J 1995 
Inter annual extremes in the retae of rise of atmospheric carbon 
dioxide since 1980; Nature 375 : 666–670. 

Khush G S, Kumar I and Virmani S S 1988 Grain quality of 
hybrid rice; in Hybrid rice (IRRI, Manila, Philippines) pp 201–
215. 

Krishnaveni B and Rani N S 2008 Inheritance of grain size and 
shape in rice; Oryza 45 : 242–44. 

Lawlor D W and Mitchell R A C 1991 The effect of increasing 
CO2 on crop photosynthesis and productivity: a review of field 
studies; Plant Cell Environ 14 : 803–818. 

Little R R, Hilder G B and Dawson E H 1958 Differential effect 
of dilute alkali on 25 varieties of milled white rice; Cereal 
Chem 35 : 111–126. 

McCready R M, Guggloz J, Silviera V and Owens H S 1950 
Determination of starch and amylase in vegetables; Anal Chem 
22 : 1156–1158. 

Merca F E and Juliano B O (1981) Physico-chemical properties 
of starch of intermediate amylase and starch; Satarke 33 : 253–
260. 

Nelson N 1944 A photometric adaptation of Somogyi method of 
determination of glucose; J Biol Chem 293 : 6281–6283. 

Ramiah K 1969 Grain classification; in Rice research in India 
(ICAR Publication) p 269. 

Shikari A B, Hussain G A, Rather P A G and Wani S A 2008 
Physico-chemical and cooking properties of non-basmati tem-
perate rice (Oryza sativa L.); Crop Improv 35 : 109–114. 



N. Dwivedi et al. 

 

6

Uprety D C, Dwivedi N, Jain V, Mohan R, Saxena D C, Jolly M 
and Paswan G 2003 Response of rice varieties to elevated 
CO2; Biol Plant 46(1) : 35–39. 

Uprety D C, Dwivedi N, Jain V and Mohan R 2002 Effect of 
elevated carbon dioxide on the stomatal parameters of rice cul-
tivars; Photosynthetica 40(2) : 315–319. 

Uprety D C, Dwivedi N, Mohan R and Paswan G 2001 Effect of 
elevated CO2 concentration on leaf structures of Brassica 
juncea under water stress; Biol Plant 44(1) : 149–152. 

Uprety D C and Mahalaxmi V 2000 Effect of elevated CO2 and 
nitrogen on some physiological characters in Brassica juncea; 
J Crop Sci Agron (Germany) 184(4) : 271–276. 

Uprety D C, Garg S C, Tiwari M K and Mitra A P 2000 Crop 
responses to elevated CO2: technology and research (Indian 
studies); Global Environ Res (Japan) 3(2) : 155–167.  

Uprety D C and Rabha B K 1999 Interactive effect of elevated 
CO2 and moisture stress on the carbon nitrogen dynamics in 
Brassica juncea plants; Biol Plant 42(1) : 133–136. 

Uprety D C, Dwivedi N and Mohan R 1998 Characterization of 
CO2 responsiveness in Brassica oxycamp interspecific hybrid; 
J Crop Sci Agron (Germany) 180 : 7–13. 

Uprety D C, Mishra R S and Abrol Y P 1995 Effect of elevated 
CO2 and moisture stress on the photosynthesis and water rela-
tion in Brassica species; J Crop Sci Agron (Germany) 175 : 
231–237. 

Uprety D C, Sen S and Dwivedi D C 2010 Rising atmospheric 
carbon dioxide on grain quality in crop plants; Physiol Mol 
Biol Plants 16 : 215–227. 

Vanaja T and Babu L C 2006 Variability in grain quality attrib-
utes of high yielding rice varieties (Oryza sativa L.) of diverse 
origin; J Trop Agric 44 : 61–63. 

 
 
 
 
 
 
 
 
 


