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ABSTRACT 
 

An experiment was conducted to examine the physiological and growth parameters of various rice 
(Oryza sativa.L.) varieties under irrigated conditions in the Raipur plain during kharif season 2023-
24. The research focused on key metrics including crop growth rate (CGR), absolute growth rate 
(AGR), net assimilate rate (NAR), and relative growth rate (RGR) to evaluate the performance of 
different rice varieties in this region. Results showed significant variation among the rice varieties in 
their growth and physiological responses. Varieties with higher CGR and AGR                          
demonstrated superior biomass accumulation and overall growth performance. Those with    
elevated NAR and RGR exhibited more efficient conversion of assimilates into plant                       
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biomass, reflecting better productivity. The findings underscore the importance of selecting rice 
varieties based on their growth metrics and physiological efficiency under specific                           
irrigated conditions.  
 

 

Keywords: Food crop; photosynthates; plant biomass; crop growth rate. 
 

1. INTRODUCTION 
 

Rice (Oryza sativa L.) is an important source of 
food for more than half of the world population 
and 90% of the rice area worldwide is in Asia. 
(Jabran et al., 2015; Ullah et al., 2018). As the 
most important food crop in the world, rice is 
grown on over 165 million hectares and produces 
around 596 million metric tons (paddy). As per 
Third Advance Estimates for 2022-2023 shows 
that rice production in the country is estimated at 
1355.42 lakh metric tonnes, which is higher by 
60.71 lakh tonnes as compared to previous year. 
The estimated total production of kharif rice for 
2023–2024 is 1063.13 lakh metric tons, which is 
13.23 lakh metric tons more than the previous 
year of Kharif rice. According to the First 
Advance Estimates for 2023–2024 (Kharif Only) 
production of 1063.13 lakh metric tons (Pib. 
2023) the estimated production. Chhattisghar 
known as the "Rice Bowl" of India, is a prominent 
state in the rice-producing industry (Dos et al., 
2024). According to Agricultural Statistics at a 
Glance (Government of India, 2022), the state of 
Chhattisgarh reported a total rice yield of 2052 
kg/hectare in 2021-2022. In rice, biomass 
accumulation is a major factor in determining 
grain production which is directly influenced by 
photosynthates. Further improvement of yield 
potential in rice will have to involve an increase in 
biomass production (). The efficiency of 
photosynthesis significantly impacts crop yield 
(Xu et al., 2018). In rice, yield is influenced by 
several key traits (Li et al., 20140, including the 
number of panicles per unit area, the number of 
filled grains per panicle, and the weight of 1,000 
grains. In rice, grain yield is influenced by 
physiological characteristics like net assimilation 
rate (NAR), crop growth rate(CGR), relative 
growth rate(RGR), absolute growth rate(AGR) 
and total dry matter production. 
 

2. MATERIALS AND METHODS 
 

The experiment was executed in Instructional 
farm, College of Agriculture, Indira Gandhi Krishi 
Vishwavidyalaya, Raipur (C.G.), during the kharif 
season 2023–2024. Experimental details are 
RBD design, fifteen varieties NRRI0, IGKV02, 
IGKV03, MTU03, IGKV05, MTU05, NRRI05, 
NRRI06, IGKV10, IGKV11, NRRI11, IGKV09, 

MTU12, NRRI03, IGKV07, two replications and 
spacing 15cm × 20cm. Physiological parameters 
like growth rate and relative growth rate were 
derived from these measurements and further 
analysed to understand their contributing factors. 
 

Crop growth rate (CGR): The rate of dry matter 
production in crop stands was determined by 
calculating the average daily increment of shoot 
biomass (W1 and W2) per unit growth area (P) 
over a specific time interval (t1 and t2). This 
approach, described by Poter and Jones in 1977, 
allowed for the estimation of the rate of dry 
matter production in the crop stands.  W2 and 
W1 are the total dry weight of the plant at times 
t2 and t1, respectively 
 

 
 

Net assimilation rate (NAR): The Net 
Assimilation Rate (NAR) serves as an indirect 
indicator of the rate of net photosynthesis. It 
quantifies the amount of dry matter produced per 
square centimetre of leaf area in a single day. To 
calculate NAR, the leaf area of each individual 
plant must be utilized, as outlined by Leopold 
and Kriedmann (1975). Where L1 and w1 
represent the plant's leaf area and dry weight at 
time t1, and L2 and w2 represent the plant's leaf 
area and dry weight at time t2.  
 

 
 

Relative growth rate (RGR): Leopold and 
Kriedmann (1975) developed an index that 
measures the amount of growth material per unit 
dry weight of plant per unit time.  
 

 
 

Absolute growth rate (AGR): In plant growth 
refers to the total increase in plant size, biomass, 
or other measurable traits over a defined time 
interval. It provides a direct measure of the actual 
numeric change in growth. 
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W2 – W1 ÷ t2 – t1 
 

3. RESULTS AND DISCUSSION  
 

3.1 Growth Analysis 
 
3.1.1 Absolute growth rate (cm g/day) 
 
Absolute growth rate was differed significantly in 
all the varieties of rice. The maximum AGR was 
achieved by var IGKV-11 (0.30) which was at par 
with IGKV-07 (0.27), IGKV-02(0.23), NRRI-03 
(0.23), MTU-03(0.23) and NRRI-05(0.23).While 
minimum AGR was achieved by variety MTU-05 
(0.18) followed by IGKV-03 (0.19), IGKV-09 
(0.20) and MTU-12(0.22). (Fig. 1). 
 
3.1.2 Crop growth rate (g/m2/day) 
 
The crop growth rate (g/m2/day) showed 
significant variation among rice varieties, ranging 
from 2.69 to 4.51 (g/m2/day) under irrigated 
conditions. Amongst these varieties, IGKV11 
(4.51 g/m2/day) exhibited highest crop growth 
rate, followed by IGKV02 (4.23g/m2/day), 
IGKV07 (4.20g/m2/day). Conversely, the lowest 
rates was observed in MTU05 variety at (2.69 
g/m2/day), followed by IGKV03 (2.71g/m2/day), 
NRRI11 (2.74g/m2/day), and NRRI06 
(2.87g/m2/day). (Fig. 2). 
 
The increased CGR can be attributed to elevated 
leaf area index values and light interception, 
which in turn boost photosynthetic rate and dry 
matter production (Ahmed et al., 2014). As crop 
growth rate represents dry matter production per 
unit area over a period of time and it is 

considered as the most critical and meaningful 
growth function [6]. 
 
3.1.3 Net assimilation rate (NAR) g / cm2 /day 
 
The net assimilation rate (NAR) exhibited 
significant variation among all rice varieties. The 
highest NAR was recorded in IGKV11 (0.86), 
followed by IGKV02 (0.64), IGKV07 (0.60), 
NRRI03 (0.55). Conversely, the lowest NAR was 
observed in NRRI01 (0.14), followed by NRRI11 
(0.16). (Fig. 3) (Sridhar et al., 2018, Hussain et 
al., 2010). 
 
Increase in net assimilation rate enhances 
photosynthetic capacity of leaves with improved 
nutrition of the plants thereby increasing dry 
matter accumulation at final harvest (-).NAR is 
the physiological potential for converting the total 
dry matter into grain yield. The NAR is used as a 
measure of the rate of photosynthesis minus 
respiration losses Reddy et al., reported that the 
genotype having high NAR value had higher 
assimilation rate and grain yield with greater 
stability (Kumar et al., 2013). 
 
3.1.4 Relative growth rate (RGR) g /g /day 
 
Relative growth rate was differed significantly in 
all varieties of rice. However,IGKV11 (0.002769) 
have shown significant higher value of RGR 
followed by IGKV02 (0.002664), IGKV07 
(0.002581), NRRI03 (0.002534), MTU03 
(0.002387) while minimum relative growth rate 
recorded in variety NRRI01 (0.001711) followed 
by NRRI11 (0.001761) MTU05 (0.001792).            
(Fig. 4) 

 

 
 

Fig. 1. AGR of plant height at interval of 50% flowering and maturity stage 
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Fig. 2. CGR of plant weight at interval of 50% flowering and maturity stage 
 

 
         

Fig. 3. NAR of  50% flowering and maturity stage rice varieties rice varieties 
 
Overall respiration scales with total biomass, but 
photosynthesis only scales with photosynthetic 
biomass and as a result of which biomass 
accumulates more slowly as total biomass 
increases.  
 
3.1.5 Correlation studies 
 
The CGR, AGR, NAR, RGR were measured 
between 50% flowering and physiological 
maturity and there was a significant positive 
association of absolute growth rate (0.809**), 

crop growth rate (0.926**) net assimilate rate 
(0.974**) relative growth rate (0.97**), with. NAR 
(0.523*) and RGR (0.586*) have significant and 
positive association with biological yield. RGR 
also have highly significant and positive 
association with absolute growth rate (0.798***), 
crop growth rate (0.91***) and net assimilate rate 
(0.952***), plant biomass (0.586*) whereas 
relative growth rate is highly significant and 
negatively associated with number of leaves at 
50% flowering as well as maturity stage (-0.8**). 
NAR has highly positively significant correlations 
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Fig. 4. RGR of rice varieties 
 
with number of tillers at both the stages 
(0.762***), number of productive tillers (0.935***) 
and crop growth rate (0.961***) (Nagarajan et al., 
2024). CGR have highly positively significant 
correlation with number of tillers at both stages 
(0.646**) and absolute growth rate (0.86***) 
(Ying et al., 1998). 

 
4. CONCLUSIONS 
 
Plant growth parameters, i.e., CGR and NAR 
play significant role in photo assimilate 
partitioning and productivity. Variety IGKV12 
having highest CGR (4.51/m2/day) and NAR 
(0.86g/cm2/day). The variety IGKV11 also 
exhibited more harvest index (47.07%) followed 
by IGKV02 (42.79).These growth parameters 
positively associated with grain yield and harvest 
index. From the above experiment it is observed 
that varieties NRRI01 and NRRI11 which had 
less AGR,NAR,CGR,RGR had low grain yield 
and low harvest index. All the growth parameters 
i.e. AGR, CGR, NAR, RGR showed significant 
positive correlation with each other. 

 
The correlation analysis of morpho-physiological, 
growth, and yield attributes revealed significant 
associations between various traits. net 
assimilation rate (NAR) showed positive 
correlations with Economic yield (seed yield) and 
harvest index. Whereas crop growth rate (CGR) 
exhibited highly positive correlations with harvest 
index. 
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