
• The 100 rice genotypes exhibited substantial variability in their 

responses for all the measured traits.

• Line RU1504083, with the highest vigor index, is the best rice line 

among 100 genotypes tested at reproductive and yield relative to other 

lines. 

• 35% of rice genotypes were classified as high and moderately high 

vigor index category, while 65% genotypes were classified low and 

moderately low vigor index values.

• The high and significant correlation between the total vigor response 

index (TVRI) and physiological vigor response index (r2 = 0.88) 

indicated that physiology parameters could be used in screening rice 

lines for vigor.  

• These physiological and yield related traits could be useful as selection 

criteria for the improvement of grain yield of rice through breeding.

• The experiment was conducted at the Rodney Foil Plant Science 

Research Facility of Mississippi State University, Mississippi State, MS

(Fig. 1A, B, and C) during the 2015 growing season.

• Treated seeds were sown in 400 PVC plastic pots (15.2 cm diameter 

and 60.5 cm height) filled with the sand with 500 g of gravel at the 

bottom of each pot.

• The genotypes were arranged randomly within each of the four 

replications.

• Plants were fertigated three times daily with full-strength Hoagland’s 

solution delivered at 08:00, 12:00 and 16:00 h to maintain favorable 

water and nutrient requirements.

Treatments

• 100 rice genotypes (Table1), 4 replications per genotype, grown in pots 

under sunlit conditions until maturity. 

• Mid-season plant growth and development parameters were measured 

at 90 days after sowing and yield-related traits were measured at 

maturity.

Measurements

• Photosynthesis, stomatal conductance, and transpiration rates were 

measured using LI-6400 (LICOR, NE) photosynthesis system during 

before flowering. Canopy-air temperature differential (CTD) was 

estimated from air and canopy temperatures after flowering.

• Cell membrane thermostability (CMT), chlorophyll stability, leaf 

chlorophyll, and carotenoids were estimated before and after flowering. 

• Plant height, tiller number, and leaf number were measured at the final 

harvest. Plant component total dry weights were measured from all 

plants after oven drying at 75°C for 72 hours. Yield and yield-related 

traits were measured for all plants. 

Rationale

• RICE is one of the most important cereal crops and provides the staple 

food for about half of the world’s population. 

• Rice is grown under different climatic and environmental conditions 

and the magnitude of plant response can be variable and 

species/cultivar dependent.

• A successful breeding program depends on the genetic diversity of a 

crop for traits that are important for achieving high crop productivity.

• Grain yield is a complex, polygenic, quantitative trait that is governed 

by many environmental and genetic factors.

• Assessing genetic variability for physiological and yield-related traits 

will have implications for selecting lines through breeding.

• Cumulative Vigor Response Index (CVRI) values for individual lines 

could be useful in rice breeding programs in developing new 

genotypes with higher productivity.
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Fig.1. Experimental setup and design (A), Plant growth (B), and Panicle maturity (C).

A. Photosynthetic processes:                                              D. Cumulative response vigor index:

Fig. 2. Leaf photosynthesis (A) and stomatal conductance (B) of rice genotypes measured before flowering.
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C. Yield and yield-related traits:

• To assess morpho-physiological during reproductive stage and yield-

related traits of 100 elite rice genotypes comprised of advanced 

breeding lines and released varieties. 

• Develop a method to identify vigor variability among the rice genotypes 

and classify and rank rice lines based on vigor response indices during 

reproductive stages.

Fig. 3. Relative injury (A) and Canopy temperature (B) of rice genotypes after flowering. 

• Photosynthesis and stomatal conductance exhibited considerable variability among the 

rice genotypes. Photosynthesis varied from 41 (CLJZMN) to 28 µmol CO2 m-2 s-1 (LAKAST)

and stomatal conductance also varied from 3.7 (14CVPYT14) to 0.9 mmol m-2 s-1

(RU1404191) Fig. 2A and B.

B. Cell membrane thermostability and canopy-air temperature:

Fig.4. Panicle emergence, panicle length, and number of spikelet (A) and grain production efficiency, filled 
grain production efficiency, and number of panicles (B) of rice genotypes at maturity stage. 
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• The cumulative vigor response indices and standard deviation were 

used to classify the 100 genotypes into different groups such as;

• Low (less than min + 1SD).

• Moderately low  [greater than (min CVRI + 1SD) but less than (min 

CVRI + 2SD). 

• Moderately high [greater than (min CVRI  + 2SD) but less than (min 

CVRI + 3SD). 

• High [Greater than (min CVRI + 3SD). 

The high correlation (r2 = 

0.88) between the total 

vigor response index 

(TVRI) and physiological 

vigor response index 

indicates that physiological 

traits are important in 

assessing genotypic 

variability among the rice 

lines for vigor. 

Fig.6. The relation between the TVRI and physiological vigor response index.

Fig. 5. Grain yield per plant (A) and 1000-grain weight (B) of rice genotypes. 

• Panicle emergence day, panicle length, and number of spikelet (Fig. 4A) exhibited 

considerable variability among rice genotypes ranging from 115.2 (GSOR1017858) to 

81.7 days (GSOR100417), from 27.9 (RU1402115) to 21.4 cm (RU1204156), and from 

19.0 (MERMENTU) to 13.0 (RU1404157), respectively. 

• Grain production efficiency ranged from 816.6 (RU1402115) to 375.7 g grain kg-1 total 

weight (GSOR100417), filled grain production efficiency (%) varied from 99.4

(RU1402174) to 72.0 (NIPONBARE), and number of panicles per plant from 75.0 (N-22) 

to 15 (RU1104122). (Fig. 4B).
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[B]

Experimentation and Measurements

Objectives

Table.1. 100 genotypes were used in this study.

• Grain yield per plant and 1000-grain weight exhibited considerable variability among the 

100 rice genotypes. Grain yield (Fig. 5A) varied from 80.1 (RU0603075) to 34.9 g plant-1

(NIPONBARE) while 1000-grain weight (Fig. 5B) ranged from 23.2 (GSOR100390) to 

17.7 g plant-1 (Sabine). 

• Maximum and minimum relative injury (64 and 35%) were observed in RU1504186 and 

RU1401070, respectively (Fig. 3A).

• Lower canopy temperature during grain filling period is an important physiological 

principle for high temperature tolerance and it varied from 0.5 (NIPONBARE) to -1.3 °C

(RU1504191) (Fig. 3B).
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