
 

~ 1814 ~ 

Journal of Pharmacognosy and Phytochemistry 2019; 8(1): 1814-1821

 
 
 
 
 
 

 
E-ISSN: 2278-4136 

P-ISSN: 2349-8234 

JPP 2019; 8(1): 1814-1821 

Received: xx-11-2018 

Accepted: xx-12-2018 

 
D Panda 

Division of Crop Physiology and 

Biochemistry, ICAR-National 

Rice Research Institute, 

Cuttack, Odisha, India 

 

M Biswal 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

L Behera 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

MJ Baig 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

P Dey 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

L Nayak 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

S Sharma 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

S Samantaray 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

U Ngangkham 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

A Kumar 

ICAR-National Rice Research 

Institute, Cuttack, Odisha, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

D Panda 

Division of Crop Physiology and 

Biochemistry, ICAR-National 

Rice Research Institute, 

Cuttack, Odisha, India 

 

 

 

 

 

 

 

 

Impact of low light stress on physiological, 

biochemical and agronomic attributes of rice 

 
D Panda, M Biswal, L Behera, MJ Baig, P Dey, L Nayak, S Sharma, S 

Samantaray, U Ngangkham and A Kumar 

 
Abstract 

Low light resulting from overcast skies during wet season is one of the important constraints in achieving 

high crop productivity. Field experiments were conducted to investigate the effect of low light stress on 

photosynthesis, chlorophyll accumulation, grain yield and yield components of rice. Five rice genotypes, 

Nirajo, Purnendu, Malliksalli, Megha Rice-1 and ASD-14 along with tolerant check, Swarnaprabha and 

susceptible check, IR-8 were grown under 100% and 75% of full sunlight intensity. Plants exposed to 

depleted radiation during reproductive stage were found to accumulate more of total chlorophyll but 

reduced Chl a/b ratio in the flag leaf and lesser net photosynthetic rate, stomatal conductance and rate of 

transpiration, which contributed to reduction in grain yield in all the genotypes Purnendu and Nirajo 

exhibited highest reduction in Chl a/b ratio and lesser reduction in starch accumulation in grains 

compared to others. Though there was significant reduction in grain yield of all genotypes, Purnendu and 

Nirajo exhibited relatively less grain yield loss which suggests there genetic competence to adapt to low 

light stress by retaining a reduced Chl a/b ratio and permitting insignificant curtailment in photosynthetic 

rate during reproductive stage under the subjected stress condition. Thus, they can be recommended for 

cultivation in regions prone to low light stress. 
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Introduction 

Rice (Oryza sativa L.) is the staple food of more than half of the world’s population. In India, 

rice is cultivated over an area of 43.39 million hectares with reported productivity of 2.4 t/ha 

during 2015-16. Rice production is influenced by various environmental factors such as solar 

radiation, temperature, water availability and soil fertility. Among them, light (solar radiation) 

is considered a critical environmental factor that influences the growth and development of 

plants affecting their morphology, anatomy, physiological/biochemical attributes and 

ultimately the flowering time and productivity [1]. Low light is known to have pronounced 

effect on the entire photo-morphogenesis of rice plant resulting in increased plant height, 

reduced tillers and panicle number plant-1, grains panicle-1 which leads to reduced grain yield 
[2]. 

Globally, about 95% of rice is produced in the wet season when low solar radiation is 

prevalent. The availability of sub-optimal solar radiation during this growth season acts as an 

abiotic stress limiting the rice production to 30-60 % of the dry season. There is sufficient 

evidence that low light intensity caused by overcast skies is the major factor impairing grain 

yield in rice, which averages around 1.2 t ha-1 during the wet season. Rice plant requires about 

1500 bright sunshine (BSS) hours during the period between transplantation to maturity. But 

only 800-900 BSS hours are available during the wet season, which adversely affects the 

physiology of rice resulting in low grain yield and poor grain quality In addition, low-light 

stress significantly increases plant height, leaf area and the leaf thickness [3]. Chlorophyll a 

(Chl a) and chlorophyll b (Chl b), the principal photosynthetic pigments, increased under low 

light intensity due to the presence of much larger grana stacks and higher stacking degree [4]. 

The concomitant increase in Chl b with a reduction in a/b ratio was more apparent under low 

light stress [5].  

Carbohydrate accumulation and transportation are negatively affected under low light. Low 

light during grain filling stage was reported to cause decreased starch synthase activity in 

grains, resulting in poor grain filling and thus low rice yield [6]. Attempts have been made on 

global scale to enhance the productivity of rice crop grown in wet season by improving crop 

management and selecting tolerant varieties which perform better under low light conditions. 

Various physiological, phenological and biochemical parameters associated with low light 

tolerance are yet to be identified. Development of prospective low light tolerant rice cultivars  
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by novel breeding techniques to enhance grain yield under 

low light stress is indubitably a promising approach to 

improve rice production during wet season that would 

contribute to the future global food security. The main 

objective of the present study was to assess the effect of low 

light on physiological, biochemical and yield attributes of rice 

genotypes and to suggest parameters that may be targeted to 

develop low light stress tolerant rice varieties. 

 

Materials and Methods 

Plant materials and experimental site: The field 

experiments were conducted at the National Rice Research 

Institute (NRRI) Cuttack, Odisha, India (20.4625° N, 

85.8830° E) during wet season (May-November), 2015. The 

soil was clay type from Mahanadi delta, Cuttack. We used 

300 rice genotypes representing 100 each from NRRI 

Cuttack, Bidhan Chandra Krishi Vidyalaya (BCKV) Kolkata 

and North Eastern Hill (NEH) centres, Shillong for the study. 

The rice varieties Swarnaprabha and IR-8were used as 

standard tolerant and susceptible checks respectively [7]. 

Based on the agronomic performance of these 300 rice 

genotypes in wet season 2015, five rice genotypes namely, 

Nirajo, Purnendu, Malliksalli, Megharice1and ASD-14 were 

selected and grown in the field during wet season 2016. 

Randomized Complete Block Design (RCBD) was adopted 

with three replications in a plot size of 40×40 m2 with a 

spacing of 15 cm × 20 cm. Rice seeds were sown during the 

third week of June, 2016; recommended agronomic practices 

were followed. The seedlings of the rice genotypes were 

raised in the nursery beds and 25 days old seedlings were 

transplanted to the main field. At the maximum tillering stage, 

one set of each genotypes was subjected to low light (LL) 

treatment by 25% shading using Agro shade nets matted on 

the wooden frame, while the other set raised under open 

condition with 100% natural light intensity light (NL) served 

as control. Recommended dose of N2, P2O5 and K2O 

(80:40:40) fertilizers was applied. The light intensity (PAR) 

under the shade and control/open conditions was measured 

using quantum radiometer (LI-1500 LICO, USA) by 

following manufacturer’s protocol (Fig.1). Agronomic data 

such as plant height, number of tillers/plant, number of filled 

grains/panicle, grain yield/plant, biomass/plant, grain sterility 

(%), fertility (%) and 1000 grain weight were recorded and 

statistically analysed. Photosynthesis and related parameters, 

like photosynthetic pigments accumulation and total soluble 

sugar (TSS) were estimated at 50% flowering stage using flag 

leaf. The harvested grains were analyzed for starch content. 

 

Determination of Chlorophyll content: At 50% anthesis, 

five flag leaves from each replicate of control and low light 

treated plants were sampled, mid rib removed, sliced and 

extracted with 10 ml of chilled 80% acetone. The sample 

extracts were stored in the dark for 24 h and the absorbance 

was recorded at 663 nm and 645 nm. The chlorophyll 

contents were determined and expressed in mg g-1FW [8].  

 

Measurement of Physiological attributes: The net 

assimilation rate (PN), stomatal conductance (gs) and 

transpiration rate (Tn) of the flag leaf during 50% anthesis 

were determined using a LI-6400XT portable photosynthesis 

system (LI-COR, Inc., USA). The measurements were 

recorded for both open system and in the plants exposed to 

380 umol m.-2s-1 CO2 concentration of under available light 

condition. The data are average of recordings from five flag 

leaves from each replicate.  

Analysis of starch content: Starch content was estimated 

using α–amylase, amyloglucosidase and glucose oxidase plus 

peroxidase and 4-aminoantipyrine (GOPOD) reagents 

obtained from Megazyme (Total starch assay kit K-TSTA-

100A, Megazyme International, Ireland Limited, Bray 

Business Park, Bray, co, Wicklow, Ireland). Rice grains were 

milled and powdered to pass through 0.5mm screen. The 

powdered sample weighing 100mg was mixed with 0.2 ml of 

aqueous ethanol (80% v/v) in a 15ml polypropylene tube 

followed by vigorous stirring on a vortex mixture. 

Immediately, 3.0 ml of thermostable α-amylase was added to 

the contents. The tubes were incubated in boiling water bath 

at 500C for 6 minutes with vigorous stirring at every 2 minute 

interval. To this, 0.1ml of amyloglucosidase was added 

followed by stirring and incubating at 500C for 30 minutes. 

The contents were transferred to a 100 ml volumetric flask 

and diluted to 100 ml with distilled water out of which 1.0 ml 

was further diluted to 10 ml with distilled water followed by 

centrifugation at 3000 rpm for 10 minutes. After 

centrifugation, the clear filtrate measuring 0.1ml was taken in 

a 15 ml polypropylene tube and mixed with 3.0 ml of 

GOPOD reagent followed by incubation at 500C for 20 

minutes. Likewise, glucose control and reagent blank were 

also taken, which consisted of 1.0 ml of D-glucose standard 

solution (1mg/ml) along with 3.0 ml of GOPOD reagent and 

0.1ml of distilled water along with 3.0 ml of GOPOD reagent. 

The absorbance was read at 510 nm in a spectrophotometer 

(Genesys 20, Thermo Spectronic). The starch content was 

determined as per the formula given by the manufacturer. 

 

Determination of Yield and yield components: The plant 

height was recorded from ten randomly selected hills from the 

middle of each plot. After washing the hills properly, the root 

was removed, and number of tillers and panicles was 

recorded. The leaves, stems and panicles were separated and 

dried. Panicles were threshed followed by separation of chaff 

and filled grains. The filled grains were sundried to 14% 

moisture and their weight determined to get the yield 

components. 

 

Statistical Analysis: The experiments were carried out in 

three biological as well as three technical replicates. Excel 

was used for statistical analysis. Normal Pearson’s correlation 

(R) analysis among grain yield, spikelet filling, 1000 grain 

weight, photosynthesis and TDM in rice was carried out. The 

calculations of average, standard deviations and standard 

errors were determined and presented in Table 2 as means ± 

SD. A paired t-test was used to analyze the difference 

between the NL and LL grown varieties. The significant 

values were determined at p< 0.05. 

 

Results 

Chlorophyll Content 

All the rice genotype were found to differ in their response to 

low light stress with respect to Chl a/b ratio (Fig.2D). 

Reduction in Chl a/b was observed in all genotypes exposed 

to low light stress due to higher accumulation of Chl b. 

Highest reduction in the Chl a/b ratio was observed in 

Purnendu (68.18%) followed by Nirajo (43.25%), Malliksali 

(21.45%), ASD-14 (18.37%) and Megha Rice 1 (10.57%). 

The Chl a/b ratio in Swarnaprabha decreased (29.69%) more 

than that in IR-8 (19.12%) under low light regime in 

comparison to the control. Low light treatment markedly 

enhanced the total chlorophyll content in the flag leaf as 

compared to the normal light condition (Fig.2A-C).The 
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highest increase in total chlorophyll was observed in Megha 

Rice1 (43.16%) followed by ASD-14 (22.25%), Malliksali 

(19.21%) Purnendu (15.88%), and Nirajo (17.07%).The 

tolerant check Swarnaprabha accumulated 23.5% more of 

total chlorophyll in comparison to the susceptible check IR-8 

(17.18%) under low light regime.  

 

Photosynthetic Characters 

PN (µmol CO2 assimilation m-2 s-1), gs (mol H2O m-2s-1) and Tn 

(mol H2O m-2s-1) of flag leaves at 50% flowering stage under 

NL and LL conditions were monitored using an Infra-Red 

Gas Analyzer (Fig.3A-C). PN was measured at 400 µmoles 

mol-1 of CO2 for both control and shade treated plants. PN, gs 

and Tn significantly decreased (P< 0.05) for all the tested 

genotypes under low light stress in comparison to the normal 

light regime. The percentage of reduction in the PN was least 

in Purnendu (14.55%) followed by Nirajo (20.02%), whereas 

pronounced in ASD-14 (38.71%) under low light condition. 

The gs significantly decreased (P< 0.05) under low light 

treatment in all genotypes. The least decrease in gs was found 

in Purnendu (22.54%), followed by Nirajo (30.57%) whereas 

Megha Rice1 (37.95%) showed the highest reduction. The 

decreased gs translated into significantly reduced Tn in all 

genotypes (P< 0.05). Nirajo showed the least percent 

reduction in Tn (16.33%), followed by Purnendu (21.31%) 

and Malliksali (23.35%), whereas the highest reduction was 

noted in ASD-14 (42.13%). The tolerant check, Swarnaprabha 

showed relatively less reduction in PN, gs and Tn (23.73%, 

23.46% and 24.27%, respectively) in comparison to the 

susceptible check IR-8 (54.74%, 59.48%and 76.25%, 

respectively). 

 

Starch Content 

The grain starch content was reduced significantly (P<0.05) 

under the low light treatment, while it was reduced only 

slightly in Purnendu (6.49%) and Nirajo (7.18%) followed by 

Malliksali (21.40%) as shown in Fig.4.The rice ASD-14 was 

the worst affected as its starch content reduced to 36.12%.The 

tolerant check Swarnaprabha showed 21.81% reduction, 

which is comparatively less compared to that observed for the 

susceptible check IR8 (37.58%). 

 

Grain Yield and Yield Components 

Grain yield and yield components of wet season rice are 

shown in Table 1. Under low light stress, grain yield was 

significantly (P<0.05) reduced from 17.98% in Purnendu to 

74.23% in ASD-14. The results also showed significant 

(P<0.05) reduction in panicles/plant (%), spikelet filling (%) 

and 1000 grain weight (g) under low light stress. Spikelet 

filling was found to be most sensitive. There was reduction in 

spikelet filling from 19.09% in Purnendu to 32.97% in ASD-

14 due to low light stress. The number of panicles/plant were 

significantly reduced (P<0.05) under low light stress. The 

tolerant check Swarnaprabha showed lesser reduction in yield 

(19.9%) in comparison to the susceptible check, IR-8 

(56.53%). Purnendu showed minimum decrement in number 

of panicles/plant, grains/panicle, spikelet filling and 1000 

grain weight, which was reflected in higher grain yield. This 

suggests greater low light stress tolerance for the genotype. 

However, out of all the tested genotypes, ASD-14 was most 

affected by low light stress. This was evident from the very 

high reduction in grain yield (74.18%), panicles/plant 

(21.89%), and grains per panicle (40.38%), 1000 grain weight 

(24.95%) and spikelet filling (32.97%). Low light treatment 

had significant effect (P<0.05) on total dry matter 

accumulation by all the genotypes with the least reduction in 

Purnendu (22.17%).  

 

Discussion 

Accumulation of Photosynthetic Pigments 

Chl a and b are major photosynthetic pigments involved in the 

absorption and transmission of solar energy during 

photosynthesis. Low light tolerant rice genotypes capture 

maximum available solar energy under low light conditions 

through increased leaf area and higher Chl b content thus 

resulting in decreased Chl a/b ratio in leaves [9]. In all the 

tested genotypes, total chlorophyll content increased, while 

the Chl a/b ratio decreased significantly under low light 

regime (P< 0.01). The rice genotypes Purnendu (68.18%) and 

Nirajo (43.25%) showed very high reduction in Chl a/b ratio, 

indicating their superiority in trapping the available 

photosynthetic active radiation (PAR) under low light regime 

in comparison to the susceptible check IR-8 (19.12%). 

Decreased Chl a/b ratio under low light condition indicates a 

higher amount of light harvesting Chl binding protein [10]. In 

addition, Chl a/b ratios are lower in chlorophyll complexes of 

PS-II compared to those of PS-I [11], suggesting Chl b 

enriched outer antennae pigments relative to the core 

complexes of PS-I and PS-II [5]. This suggests that possibly 

Purnendu and Nirajo adapted to low light stress by adjusting 

their pigment compositions in the leaf, reducing the Chl a/b 

ratio which might be an expedient way to minimize the stress 

damage. The elevated total chlorophyll content in leaves 

under low light condition could be attributed to the increase in 

number and size of chloroplasts, the quantity of chlorophyll 

per chloroplast, and better grana development. 

 

Photosynthetic Characteristics 

Photosynthesis is a complex physiological process, 

comprising organized and interrelated reactions including 

light absorption, photochemistry, energy conversion, electron 

transfer, adenosine triphosphate synthesis (ATP), central 

regulating enzyme activities, etc. Ribulose-1, 5-bisphosphate 

carboxylase/oxygenase (RuBisCO) is an essential dark 

reaction enzyme which plays a primary role in determining 

the photosynthetic rate of leaves [12] Furthermore, it was 

reported that the activity of RuBisCO in chloroplasts of 

photosynthesizing leaves declines dramatically under low 

light conditions [13]. In our experiment, lesser reduction in PN 

was observed in the rice genotypes, Purnendu (14.55%) and 

Nirajo (20.02%) compared to the susceptible check IR-8 

(54.74%), which was reflected in grain yield. Under the low 

light condition, the net assimilation rate decreases due to the 

discharging of CO2 through the process of dark respiration 
[14]. Low light has a negative influence on stomatal 

conductance suggesting the presence of fewer stomata per 

square millimetre [15]. The constraints on photosynthesis under 

low light stress could be attributed to stomatal closure [16]. The 

gs was reportedly correlated with the rate of photosynthesis 

suggesting that gaseous exchange through the stomata could 

be affected due to the inactivity of the guard cells under low 

light treatment. In our study, the rice genotype Purnendu 

consistently showed lesser reduction in the percentage of 

stomatal conductance (22.54%) followed by Nirajo (30.57%) 

under low light in comparison to the susceptible check IR-8 

(59.48%), suggesting higher photosynthetic efficiency under 

suboptimal availability of light. Our study suggests a positive 

correlation (r=0.91) between the rate of photosynthetic 

assimilation and stomatal conductance under low light 

regime. This indicates the presence of photosynthetic adaptive 
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traits in Purnendu and Nirajo to overcome the damages 

caused by low light stress in comparison to other rice 

genotypes. The rate of photosynthesis is positively correlated 

with the grain filling process [17]. A significant reduction in 

the photosynthetic rate, under low light stress, therefore, 

obviously affected the source-sink relationship, which 

resulted in low grain yield.  

 

Starch Accumulation in Grains 

Starch in grains is the major product of photosynthesis which 

is synthesized from the photosynthate made available from 

the flag laves directly to the growing grains after flowering 
[18]. Grain yield could be limited either by the size of grain or 

amount of photosynthate translocated from source to the sink 
[19]. Photosynthesis during the grain‐filling stage contributes 

60–100% of the final grain carbohydrate content [20] In the 

present study, a strong positive correlation (P< 0.05) was 

observed between PN in the flag leaf and accumulation of 

starch in grains. Among all the tested genotypes, Purnendu 

(6.49%) and Nirajo (7.18%) showed lesser reduction in grain 

starch accumulation which can be attributed to their 

photosynthetic efficiency under low light treatment. Low light 

stress during grain filling stage is reported to result in reduced 

supply of carbohydrates to grains as well as a reduced starch 

synthase activity in grains, which directly decreased grain 

filling in rice [21]. This is further supported by the reports that 

LL stress during grain filling stage resulted in reduced supply 

of carbohydrates to grains in the spikelet and hence decrease 

in GBSS1 activity in the grains, which negatively influenced 

starch biosynthesis in developing grains affecting grain filling 

and finally the yield [22-25]. 

 

Yield Attributes 

Grain yield has a correlation with radiation use efficiency 

(RUE) [26]. Lower grain yield is reported to be the 

consequence of decrease in the grain number and weight [8]. 

There was significant (P<0.05) decrease in spikelet filling 

and grain weight which could be the primary reason for the 

decrement in grain yield under low light treatment [27]. A 

positive linear relationship (P< 0.05) was observed between 

grain yield and spikelet filling and grain weight (Fig.5). As 

reported earlier, low light significantly delayed anthesis, 

caused abortions in embryos, retarded pollen tube growth and 

pollen germination [28]. This also affected the process of grain 

filling, ultimately hampering the spikelet fertility. Grain yield 

was directly correlated with the photosynthetic rate after 

heading. Low light stress has a negative impact on leaf 

photosynthesis and grain yield [29]. There was a significant 

positive relationship (P< 0.05) between grain yield and rate 

of photosynthesis. Additionally, the number of panicles/plant 

was significantly (P<0.05) affected by low light stress. This 

resulted in a downtrend in the emergence of panicles per 

plant. It was suggested that low light stress also negatively 

influences the tillering in productive panicles. As reported 

earlier, low light stress after heading affected the net 

photosynthesis as well as total dry mass (TDM) accumulation 

which significantly decreased spikelet filling and 1000 grain 

weight leading to decreased grain yield [30]. There was a 

significant positive relation (P<0.05) between grain yield and 

TDM of the plant suggesting that the reduced dry mass 

accumulation negatively influenced biomass partitioning, 

which ultimately resulted in poor grain yield. Thus, the low 

light stress significantly influenced the morphology and 

physiology of rice plants which was reflected in poor grain 

yield.  

Low light stress significantly influenced leaf photosynthesis, 

Chl b accumulation and grain yield in rice. Different 

genotypes showed significantly variable response to the stress 

with an increment in Chl a, Chl b and total Chl contents, but 

reduced Chl a/b ratio suggesting an increase in Chl b 

concentration in their PS-II reaction centre. Under low light 

stress, photosynthesis was reduced resulting in decreased 

biomass accumulation which significantly affected the source-

sink relationship, followed by reduction in the starch 

accumulation in grains and ultimately the grain yield. The rice 

genotypes Purnendu, and Nirajo enhanced their adaptive 

capacity to low light stress by increasing total chlorophyll 

content and decreasing Chl a/b ratio so as to improve light 

harvesting potential under low light stress. This supported the 

plants to precisely adjust their photosynthetic attributes (such 

as photosynthetic rate, stomatal conductance, transpiration 

rate) to increase the light use efficiency and utilise the 

available light in a judicious manner. Consequently, TDM 

amassing by the plants was maintained to a satisfactory level 

in order to carry out continuous accumulation of starch in the 

sink, which found manifestation in relatively less reduction in 

yield in comparison to other genotypes. The present study 

resulted in identification of two low light efficient rice 

genotypes viz, Purnendu and Nirajo which exhibited higher 

spikelet fertility and grain yield compared to others including 

the tolerant check variety under low light stress. It indicates 

that they had higher light harvesting and utilizing capacity 

which resulted in higher PN while maintaining appropriate 

stomatal conductance and transpiration rate. These parameters 

can therefore be used to develop low light efficient rice 

varieties for the targeted ecologies. 
 

Table 1: Effect of low light stress on yield and yield components of rice in 2016(wet season). 
 

Genotypes Treatments 
Yield TDM 

Panicles/plant Grains/panicle 1000 grain weight Spikelet Filling (%) 
(g/hill) (g/hill) 

Malliksali 

NL 14.87±0.92 33.08±0.95 5.87±1.06 142.07±0.77 22.99±1.68 76.6±1.53 

LL 11.07±0.98 24.22±0.94 5.10±1.09 114.8±1.60 18.9±1.15 56.23±1.83 

% Change -25.51 -26.79 -13.06 -19.19 -17.80 -26.59 

 
p-value <0.05(S) <0.05(S) >0.05(NS) <0.05(S) <0.05(S) <0.05(S) 

Purnendu 

NL 18.81±1.07 42.6±0.85 5.89±1.05 106.6±1.83 27.07±1.78 87.42±1.44 

LL 15.43±0.96 33.15±1.07 6.3±0.91 90.83±0.61 23.6±1.21 70.72±1.10 

% Change -17.96 -22.17 -6.84 -14.79 -12.81 -19.09 

 
p-value <0.05(S) <0.05(S) >0.05(NS) <0.05(S) <0.05(S) <0.05(S) 

Nirajo 

NL 16.13±1.66 37.44±1.38 5.5±0.87 91.67±1.01 24±1.29 83.12±1.01 

LL 13.07±1.03 28.1±1.03 4.97±0.71 76.67±1.06 20.29±1.50 65.67±1.00 

% Change -18.95* -24.95 -9.63 -16.36 -15.47 -20.99 

 
p-value >0.05(NS) <0.05(S) >0.05(NS) <0.05(S) <0.05(S) <0.05(S) 

Megha rice-1 

NL 14.81±1.60 31.18±1.05 5.67±1.06 110.47±0.46 22.65±1.01 73.2±1.04 

LL 8.9±1.67 20.31±0.98 4.07±0.71 76.7±1.09 17.44±0.79 52.91±0.66 

% Change -39.91* -34.85 -28.21 -30.56 -22.96 -27.71 

 
p-value <0.05(S) <0.05(S) >0.05(NS) <0.05(S) <0.05(S) <0.05(S) 
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ASD-14 

NL 13.29±1.50 27.03±1.97 5.07±0.78 118.47±0.96 21.94±1.17 70.07±1.62 

LL 3.43±0.52 14.52±1.62 3.96±0.62 70.63±1.10 16.46±1.02 46.97±1.15 

% Change -74.18* -46.30 -21.89 -40.38 -24.95 -32.97 

 
p-value <0.05(S) <0.05(S) >0.05(NS <0.05(S) <0.05(S) <0.05(S) 

Swarnaprabha 

NL 19.71±0.45 47.64±1.16 6.67±0.80 150.69±1.68 27.1±1.07 74.51±0.75 

LL 15.78±1.75 33.43±1.17 6.17±0.68 132.57±1.30 24.17±0.85 62.67±1.47 

% Change -19.94* -29.83 -7.50 -12.02 -10.82 -15.89 

 
p-value <0.05(S) <0.05(S) <0.05(S) <0.05(S) <0.05(S) <0.05(S) 

IR-8 

NL 16.84±0.21 40.4±1.53 4.87±1.11 81.95±0.98 25.2±1.48 71.17±0.98 

LL 7.32±0.58 22.13±1.07 3.27±0.84 55±0.54 18.9±1.57 49.17±2.28 

% Change -56.53* -45.22 -32.85 -32.89 -24.98 -30.91 

 
p-value <0.05(S) <0.05(S) <0.05(S) <0.05(S) <0.05(S) <0.05(S) 

 

 
 

Fig 1: Variation in light intensity (µmol quanta m2s-1 Units) during the rice growing period (August-November 2017). Average monthly 

variation in light intensity under low light and normal light conditions measured at 9 am, 12 pm and 3 pm every day. 
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Fig 2: Chlorophyll content of rice genotypes as affected by low light stress. (A.) Chl a content (B.) Chl b content (C.) Total chlorophyll content 

(D.) Chl a/b ratio. 
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Fig 3: (A.) Transpiration Rate(Tn),(B.)Stomatal conductance(gs) and (C.) Net assimilation rate (PN) in different genotypes as affected by low 

light stress. 

 

 
 

Fig 4: Starch Content of Rice genotypes as affected by low light stress 

 

 
 

Fig 5: Relationships between grain yield and Chl a/b under NL (A) and LL (B) conditions, and with PN under NL (C) and LL (D) conditions 
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