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Photoperiod and temperature are two important 

environmental factors affecting vegetative growth and yield of 

rice. The varietal diversity based on the response to temperature 

and photoperiod during vegetative growth was determined in 

a core collection of 40 Sri Lankan traditional rice accessions 

(SLTRA) and 2 improved and 2 wild rice types in terms of days 

were imposed during 2 trials of high temperature (HT) and low 

temperature (LT) at  under 

. Average DFL of the collection 

while photoperiod alone affected 1 accession. Average PHs 

by photoperiod or temperature. Temperature alone affected 12 

accessions and photoperiod alone affected 2 accessions. Both 

photoperiod and temperature affected 4 accessions. In the 

SLTRA and improved rice were differentiated into 2 clusters at 

accessions of the same variety together. The differential varietal 

response to photoperiod and temperature in SLTRA would be 

useful in breeding for climate change adaptations after further 

experiments 

Oryza sativa

INTRODUCTION

Extreme climatic events create adverse impacts on 

ecosystems affecting global crop production. Sri Lanka 

et al

2013). Photoperiod and temperature are two important 

temperatures adversely affect vegetative development 

and growth duration (Lansigan et al

et al

phase are the three main phases of rice plant growth 

et al

2009). There are two sub-phases of vegetative growth 

phase: photoperiod insensitive basic vegetative phase 

plant must attain a certain amount of growth in the BVP 

based on its response to photoperiod before it reaches the 

from BVP to PSP is not well known (Chang et al  

et al
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 The increase in ambient temperature 

et al

2016). Three categories of japonica varieties of Oryza 

sativa were recognised based on their temperature and 

photoperiod sensitivity in different regions in Japan: 

photoperiod sensitive but temperature insensitive varieties 

and varieties distributed in all parts of Japan except in 

 Yoshida (1981) explained that the number of leaves is 

an indication of the physiological stage of rice plant. The 

vegetative phase of rice is also affected by the interactions 

et al

et al et al

There are studies on responses of wheat cultivars to 

differences in photoperiod and temperature and their 

and Hunter (1983) reported the effect of photoperiod 

and temperature on the number of maize leaves at 

different stages of vegetative growth. Determination of 

photoperiod sensitivity through leaf senescence and tiller 

removal was conducted by Best (1961). 

 Sri Lankan rice germplasm consists of a large diversity 

et al

Pushpakumari et al.

Oryza sativa indica

while Sri Lankan new improved rice has been bred 

through crosses between International Rice Research 

Institute (IRRI) accessions or crosses between Sri Lankan 

 and 

Oryza nivara are the perennial and annual ancestors of 

O. sativa distributed in tropical and subtropical Asia 

sensitivity in some Sri Lankan traditional rice accessions 

(SLTRA) is a major drawback in farmer introductions 

and inclusion in breeding programmes. Ma wee 

Maha ma wee 

monsoon (Maha) in 2012/2013 during the experimental 

period of 200 days (towards more day-neutral days with 

approximately 12 hours of day-length) in Sri Lanka 

(Rathnathunga et al Maha (LM) 

in 2013/2014 of more day-neutral days and early Maha 

(EM) of more short days with less than 12 hours of 

 43 Ma wee accessions (close 

to the number of total Ma wee collection at the Plant 

accessions during the experimental period of ten months 

in LM (Pushpakumari et al.

on the selection of rice accessions from Sri Lankan 

traditional rice germplasm for temperature sensitivity 

alone or for interaction of temperature and photoperiod 

for various agro-ecological systems as a remedy to future 

diversity in response to photoperiod and temperature at 

early vegetative growth could be useful in the selection 

leaf stage would be suitable to determine the vegetative 

 The objective of this experiment was to determine the 

varietal diversity of SLTRA in response to temperature 

and photoperiod at early vegetative growth. The 

information will be useful to reveal genetic factors for 

future breeding programmes on ecological adaptation to 

overcome adverse effects of climate change.

METHODOLOGY

Thirty six SLTRA were selected for the experiment from 

the Sri Lankan traditional rice core collection based on 

morphological characterisation (Rathnathunga et al

2016a): Dahanala Duru wee

Hondarawala Kalu 

heenati Kurulu wee

Kiri murunga Kaharamana 

Kalu wee Kottyaran (KY) 

Mada al Murungakayan (MK) 

Mudukiriyal

Pachchaperumal Sudu heenati 

Sulai Sudu 

wee Wanni heenati 

Ma wee

Maha ma wee (MM) 8696. Two randomly selected 

Sri Lankan improved rice varieties for low country of 

Sri Lanka (At 308 and Ld 368) and 2 Sri Lankan wild 

rice species (O. nivara and ) collected from 

the low country of Sri Lanka were also included for the 

experimental collection. 
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Rice accessions were grown under non-temperature 

photoperiod conditions in a completely randomised 

design (CRD) with 3 replicates: 8 h of light and 16 h 

-2s-1.  Average 

monthly temperature was recorded during the two 

experimental periods. The seeds were sown in separate 

cups and the seedlings were transplanted on pots of 20 cm 

diameter after 21 ds. Fertiliser application was conducted 

according to the recommendation of the Department of 

done at regular intervals and the competition from weeds 

was kept minimal. The temperature was recorded daily 

and the monthly average temperature was calculated.

Measurements were based on descriptors of rice 

(Rathnathunga et al

and culm number at DFL (CN). 

The average monthly temperature of trial 1 from July 

to October 2014 and trial 2 from November 2014 to 

compared using t test. Boxplots and normal distribution 

curves were developed for DFL and PH for each 

DN and LD at low 

temperature (LT) and high temperature (HT) regimes 

analyses of variance (ANOVA) was conducted using 

and temperature combinations were determined. 

Treatment means were separated using Duncan multiple 

range test (DMRT). Principal component analysis (PCA) 

et al et al et al

genotypes based on DFL and PH responses to treatment 

combinations of photoperiod and temperature.

RESULTS AND DISCUSSION

°C in 

° °C in September 

Trial 01 

Trial 02 

trial 1

trial 2

Average monthly 

temperature
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trial 1 (Figure 1). The average monthly temperatures of 

 The average monthly temperature °C) of 

2

constant among the 3 photoperiods in the 2 trials.

A wide variation in DFL in response to photoperiod and 

The frequency distribution of DFL for the treatments (of 

under HT and LT) were normally distributed (Figures 2a 

and HT regimes.     

DFL (days)
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 (a) 

conditions at LT and HT regimes.

(b)(a)
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1973). Ambient growth temperature determines the 

rates of metabolic interactions and morphogenetic 

processes in the plant (Long et al

phytohormones are affected by temperature leading 

D
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 (a) 

of photoperiod and temperature on distribution of PH in Sri Lankan traditional rice core collection in boxplots 

LD photoperiods under LT.

(b)(a)

and temperature on PH in Sri Lankan traditional rice core collection

(b)(a)
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crops (Jagadish et al

rate during early vegetative stage with extended DFL. 

It will be of importance to determine if temperature 

differently affects early vegetative growth stages of rice 

as indicated here. Fei et al. (2017) reported that higher 

Traditional rice R squared CV value P value Photoperiod Trial Photoperiod *trial  

accession     temperature temperature

Sulai  * 0.011 * 0.0637 0.4686

Hondarawala 4070 77.36 14.63 0.0014 *  * 0.0067 *

Kiri murunga  *  *

Mada al  *  *

Sulai  *  * 0.2618

Pachchaperumal  * 0.3607 0.0002 *  *

Hondarawala  *  *  *

Mudukiriyal  *  *  * 0.412

Kalu wee  * 0.4171 0.0006 * 0.1022

Kiri murunga  *  * 0.7676

Hondarawala  *  * 0.1984

Sudu wee  * 0.0014 *  *

Wanni heenati  * 0.0136 *  *

Dahanala  * 0.4143

Murungakayan  * 0.0183 *  * 0.1694

Pachchaperumal  * 0.1884 0.0006 * 0.0047 *

Duru wee  * 0.176 0.008 * 0.1044

Kalu heenati  * 0.3908 0.0003 * 0.0241 *

Sudu heenati  *

Kalu heenati  * 0.8494 0.0007 *

Sudu wee  * 0.0491 *  * 0.0006 *

Kottyaran  * 0.0471 * 0.0078 * 0.2901

Sulai  *  * 0.0006 *

Sulai  *  *  * 0.0161 *

Mudukiriyal  *  * 0.0877

Sudu wee  * 0.3412

Kaharamana 4260 69.26 12.01 0.0078 * 0.3088 0.0012 *

Sudu wee  * 0.0224 *  * 0.0373 *

Murungakayan  * 0.1032 0.0004 * 0.6392

Kiri murunga 4102 69.29 13.61 0.0078 * 0.2444 0.0008 *

Hondarawala  *  *

Kurulu wee  *  *

Ma wee  *  * 0.1862

Ma wee  * 0.3124 0.0069 * 0.0447 *

Ma wee  * 0.4013

Maha ma wee  * 0.0672 0.001 * 0.2132

At 308 72.99 12.38 0.0038 * 0.0468 * 0.0008 *

 * 0.0866 0.0014 * 0.0888

O. nivara  * 0.9473 0.0004 * 0.6203

 81.66 10.48 0.0009 *  * 0.028 *

*

ambient temperature can promote auxin biosynthesis in 

Arabidopsis by enhancing ethylene signalling for root 

morphological responses. Unravelling the temperature 

signal transduction pathway in rice leading to vegetative 

growth rate control would be an important target for 

with vegetative growth.
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and their interaction on DFL was determined through 

ANOVA F test for each accession. Twenty two accessions 

Kiri murunga

of Sulai, Mada al Kalu wee

Hondarawala Duru wee

Dahanala Sudu heenati, 4089 of Kalu heenati

3970 of Mudukirial Sudu wee

Kaharamana Murungakayan Kurulu 

wee Ma wee Maha 

ma wee, Ld 368 and Oryza nivara) were affected by trial 

    High temperature regime in trial 1   Low temperature regime in trial 2

 Accession and variety SD condition DN condition LD condition SD condition DN condition LD condition

 1 Sulai

 2 Hondarawala

 3 Kiri murunga

 4 Mada al

Sulai 6287 47 b 42.7 b 46.7 b 64 a 70.7 a         72.3 a

 6 Pachchaperumal

 7 Hondarawala 

 8 Mudukiriyal

 9 Kalu wee

 10 Kiri murunga 3828 32.7 b 38.7 ab 37 ab 44.3 a 46 a 47 a

 11 Hondarawala

 12 Sudu wee 

 13 Wanni heenati

 14 Dahanala

Murungakayan

 16 Pachchaperumal 

 17 Duru wee

 18 Kalu heenati

 19 Sudu heenati 

 20 Kalu heenati

 21 Sudu wee

 22 Kottyaran

 23 Sulai

 24 Sulai

Mudukiriyal

 26 Sudu wee

 27 Kaharamana

 28 Sudu wee

 29 Murungakayan

 30 Kiri murunga

 31 Hondarawala

 32 Kurulu wee 3601 44 b 44.7 b 44 b 66 a 66 a 67 a

 33 Ma wee

 34 Ma wee

Ma wee

 36 Maha ma wee

 39 O. nivara

 40 
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Continued -

(a)

(b)

(c)
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Photoperiod and trial temperature together affected 

accessions 6428 of Hondarawala Mudukirial, 

3401 of Wanni heenati, Murungakayan,

Kottyaran and At 308 (Figure 6b). Effect of temperature 

and interaction between photoperiod and temperature 

Hondarawala

Pachchaperumal Kalu 

heenati, 6346 of Sulai Ma wee and 

their interaction were evident in accessions 3968 of variety 

Sulai Sudu wee (Figure 6d). 

Sulai

photoperiod and temperature (Sudu wee

(d)

(e)
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The photoperiod effect only on DFL was evident in one 

Sulai) with increased DFL under LD 

(Figure 6e). The photoperiod and interaction between 

trial temperature and photoperiod were evident only in 

Sudu wee (Figure 6e). 

 Under both HT regime in trial 1 and LT regime in trial 

Sulai Mudukirial and 3601 of Kurulu 

wee had similar DFL for all 3 photoperiods (Tables 1 

and 2). Flowering times of the above accessions in a 

later stage were of variable pattern under a relatively 

low average monthly temperature to that of trial 1 in 

the above 3 photoperiods (unpublished data): in 6287 

of Sulai,

Mudukirial

accession 3601 of Kurulu wee

or LD conditions during the experimental period. The 

above results suggest further experiments on temperature 

and photoperiod effect on DFL of these accessions as the 

prominent photoperiod effect could be masked by high 

temperature.

Pachchaperumal

Kalu wee Hondarawala Dahanala

3968 and 6287 of Sulai and 4102 of Kiri murunga had 

4070 of Hondarawala Kiri murunga

Duru wee Kottyaran Sudu wee had 

similar DFL under LT irrespective of photoperiod. The 

in non-photoperiod responsive rice accessions during 

rising temperature in the environment. It is important 

to evaluate the reduction of yield in such accessions 

when affected by HT for short life span. Among 

different SLTRA

conditions (Rathnathunga et al.

accessions of SLTR Ma wee 

DFL and yield were affected by seasonal sensitivity 

(Pushpakumari et al

indicated that almost all O. sativa indica rice accessions 

mature in a shorter time under a SD photoperiod than 

varies greatly among accessions. According to Collinson 

et al

increased under LD. 

 It will be important to determine the effect of 

temperature on vegetative growth amid photoperiod 

effect. Photoperiod and temperature are important 

Effect of photoperiod and trial temperature on PH of 18 Sri Lankan traditional rice accessions from the collection. (a) Accessions did 

 - continued from page 60



62 Elpitiya Udari Uvindhya Rathnathunga et al.

March 2019 Journal of the National Science Foundation of Sri Lanka 47(1)

environmental factors affecting genetic factors of 

phase of rice comprises of photoperiod insensitive and 

Collinson et al et al

Traditional rice R squared CV value P value Photoperiod Trial Photoperiod * trial 

accession     temperature temperature

Sulai

Hondarawala

Kiri murunga  * 0.0432 * 0.0018 * 0.3489

Mada al

Sulai  * 0.4972 0.0011 * 0.202

Pachchaperumal  *  * 0.1806

Hondarawala  * 0.37 0.0084 * 0.1677

Mudukiriyal

Kalu wee  *  * 0.1186

Kiri murunga

Hondarawala  * 0.0089 * 0.0206 * 0.0273 *

Sudu wee 

Wanni heenati  * 0.1262 0.3822

Dahanala

Murungakayan  * 0.2064 0.0147 * 0.0742

Pachchaperumal

Duru wee  *  *  * 0.2961

Kalu heenati

Sudu heenati  *  * 0.0194 *

Kalu heenati 4089 72.34 17.27 0.0217 * 0.8831 0.0026 * 0.0914

Sudu wee  * 0.034 * 0.7394

Kottyaran 

Sulai 6346 47.33 21.81 0.1608 0.3916 0.0211 * 0.7404

Sulai

Mudukiriyal  * 0.0838 0.0249 * 0.0392 *

Sudu wee  *

Kaharamana 4260 69.38 8.30 0.0077 * 0.0109 * 0.0042 *

Sudu wee  *

Murungakayan

Kiri murunga  *

Hondarawala

Kurulu wee 3601 30.12 7.70 0.441 0.2006 0.4363 0.6676

Ma wee

Ma wee  *

Ma wee

Maha ma wee
 *  * 0.1474
 * 0.0862 0.9002 0.0114 *

O. nivara  * 0.804

 37.37 16.08 0.3274 0.2829 0.1009 0.7762

*

et al. 

Sulai

6346 during the latter part of SD season (late Maha) 

towards more DN days in 2013 at the Rice Research and 
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    High temperature regime in trial 1   Low temperature regime in trial 2

Accession and variety SD condition DN condition LD condition SD condition DN condition LD condition

 1 Sulai 

 2 Hondarawala 

 3 Kiri murunga

 4 Mada al 

Sulai

 6 Pachchaperumal

 7 Hondarawala

 8 Mudukiriyal

 9 Kalu wee

 10 Kiri murunga

 11 Hondarawala

 12 Sudu wee

 13 Wanni heenati 

 14 Dahanala

Murungakayan

 16 Pachchaperumal

 17 Duru wee

 18 Kalu heenati

 19 Sudu heenati 

 20 Kalu heenati 

 21 Sudu wee

 22 Kottyaran

 23 Sulai

 24 Sulai

Mudukiriyal

 26 Sudu wee

 27 Kaharamana

 28 Sudu wee 

 29 Murungakayan

 30 Kiri murunga

 31 Hondarawala 

 32 Kurulu wee

 33 Ma wee

 34 Ma wee

Ma wee

 36 Maha ma wee

 37 At 308 27.3 ab 27.8 ab 29.2 a 23 bc 24.3 abc 19.7 c

 38 Ld 368 26.7 b 23.2 b 32.7 a 28.3 ab 27.7 ab 26 c

 39 O. nivara 

 40 

above results indicate the need for intensive studies on 

temperature and photoperiod interactions on vegetative 

time genes Se1 and Ef1, which coordinate changes of 

optimum photoperiod was studied by Nishida et al. 

(2001) and Uwatoko et al. (2008). 
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The PH at DFL was considered as a vegetative growth 

parameter for biomass. A normal distribution in PH 

in response to photoperiod and temperature could be 

The variation of PH was plotted as 6 curves representing 

LT and LD under HT and LT). The PH values under 

all treatments were normally distributed (Figures 2b 

effect of high temperature on harvest index could be 

adverse as vegetative growth is increased under HT. 

Sulai

Hondarawala Mada al Mudukirial, 

3828 of Kiri murunga Dahanala

Pachchaperumal Kalu heenati, 3968 of Sulai

Murungakayan Kurulu wee

3683 of Ma wee Maha ma wee and 

were not responsive to photoperiod or temperature in 

 Temperature alone affected the PH of 12 accessions:  

6287 of Sulai Pachchaperumal

Hondarawala Kalu wee Murungakayan

4089 of Kalu heenati Sulai Sudu wee

4102 of Kiri murunga Ma wee

O. nivara. O. nivara, the PH 

increased under LT (Figure 7b). Photoperiod effect was 

only detected in 3401 of Wanni heenati Sudu 

wee (Figure 7c). Temperature and the interaction between 

Sudu heenati and 3970 of Mudukiriyal. Photoperiod 

of Kiri murunga Duru wee, 3462 of Sudu wee 

and 4260 of Kaharamana (Figure 7d). All 3 effects of 

Hondarawala (Table 4). 

 Rathnathunga and Geekiyanage (2017) reported the 

differential response of Ma wee 

and 3683 to photoperiod on PH at early vegetative phase. 

Pushpakumari et al. (2017) reported that the above 

3 accessions were sensitive to late SD season remaining 

experiment by Padukkage et al

conditions may partially control sink size through the 

et al

et al

2016a). The negative regression relationship between 

(Figure 8).

 Regression analysis for relationship of DFL and PH of 

40 Sri Lankan traditional rice accessions irrespective of 

temperature or photoperiod effect.

The CN of the rice collection was neither affected by 

et al. (2017) have previously reported that CN of very 

photoperiod conditions. The effect of environmental 
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 The major principal components through PCA of Sri Lankan rice collection based on response to photoperiod and temperature

PC PC 1 PC 2 PC 3

 PH at HT under LD (0.897) DFL at LT under DN (0.694) 

 PH at LT under LD (0.812)  

and growth stage of rice. Pushpakumari et al. (2017) 

reported that the total CN of photoperiod sensitive Ma 

wee 

and interaction between genotype and photoperiodic 

diversity in temperature and photoperiod responses at 

early vegetative phase in terms of DFL and PH in the 

SLTRA would provide breeding materials for future 

work.

CONCLUSION

0C) extended the 

over that under HT °C) irrespective of 

photoperiods. Among SLTRA the effect of temperature 

on DFL was more common (on 22 accessions out of 40) 

over that of photoperiod on DFL (one accession out of 

40). 

to LT in the collection of 40 Sri Lankan rice genotypes. 

Fifteen accessions were not responsive to photoperiod 

or temperature on PH at DFL stage. Temperature alone 

affected 12 accessions and photoperiod alone affected 

2 accessions. Increased DFL reduced the PH as indicated 

suggesting the common phenomenon that extended 

not valid during early vegetative phase.

 In hierarchical cluster analysis after PCA based on 

DFL and PH variation in response to temperature and 

one cluster except for Sudu wee

and was included into the second cluster with improved 

rice.

high CN in SLTR variety Dewaraddili under LD 

condition was reported by Geekiyanage et al. (2012) 

under greenhouse condition.

Varietal diversity on differential response to photoperiod 

and temperature for vegetative growth though DFL and 

PH among tested SLTRA varieties could be detected. 

A principal component analysis (PCA) was performed 

total observed variation was explained by three principal 

SLTRA 

Sudu wee 

cluster. Improved varieties (Ld 368 and At 308) and Sudu 

wee

Sudu wee Hondarawala

Kiri murunga Sulai 6346 and 3968 

Ma wee O. nivara and 

were grouped as pairs into sub-clusters at a rescaled 

of Ma wee Hondarawala Dahanala

3601 of Kurulu wee and 8696 of Maha ma wee that did 

development (Rathnathunga et al

close to 10. 

 The second major cluster comprised of the 2 improved 

varieties (Ld 368 and At 308) and Sudu wee

was morphologically close to improved rice in terms 

3 photoperiods (Rathnathunga et al
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photoperiod and temperature based on the dendogram derived through cluster analysis 

Sri Lanka for funding the research and the Plant Genetic 

traditional rice seeds.
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