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A review: Stay-green trait and its physiological 

and genetic basis of yield variation in rice 

 
Madhusmita Patra 

 
Abstract 

Stay-green is one of the most significant and desirable traits which enable the crop plants to keep their 

green leaves in the active photosynthetic trait to maintain assimilation process and increase yield. 

Breeding for functional stay-green has contributed in improving crop yields, particularly when it is 

combined with other useful traits. This review explores the relevant literature available at national and 

international level on different yield attributing traits, physiological parameters and biochemical traits 

examined by plant breeders to sort out the most useful and promising stay green genotypes for their 

possible use in future breeding program. Further it has aimed to reveal the genetic variability with respect 

to physiological and molecular basis of stay green trait in rice. So this review has focused on various 

aspects like growth and growth parameters, dry matter partitioning, chlorophyll, protein and carbohydrate 

content, nutrient acquisition, genetic advance and heritability and correlation of grain yield with various 

component traits. 
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Introduction 

Rice is known as “Global Grain” and provides staple food for more than 60% of the world’s 

population. It is the predominant dietary energy source and economically, socially as well as 

culturally considered important for consumers in many Asian countries, where 90% of total 

rice is consumed and produced. It is quite evident from the various rice improvement 

programmes undertaken by International Rice Research Institute that there has not been any 

momentous improvement in the yield potential of varieties released after IR 8 (Virmani et al., 

1993; Khush, 1995; Peng et al., 1999) [93, 35, 54]. The yield stagnation is primarily due to high 

tillering capacity and small panicles, large number of unproductive tillers, limited sink size and 

lodging susceptibility. Among the various approaches suggested by the scientists to increase 

the yield potential, higher photosynthetic rate, slow leaf senescence, increased carbohydrate 

storage capacity in stems, a greater reproductive sink capacity, an extended grain filling period 

and tolerance to photo-inhibition are thought to be physiological basis of high grain yield 

(Dingkuhn et al., 1991) [13]. 

Delay of leaf senescence, also known as stay-green character, has been identified as an 

important component in the genetic improvement of several crops to promote stress tolerance 

and yield gain. Stay-green is the ability of a plant to remain green and maintain photosynthesis 

for longer period of time, thereby contributing photosynthates for an extended time towards 

grain development (Borrell et al., 2001) [8]. Stay-green means heritable delayed foliar 

senescence in crop plant species (Thomas; Thomas & Ougham, 2014) [86]. The stay-green 

phenotype is measured as green leaf area duration after anthesis, and is highly influenced by 

the time of& Howarth, 2000 [85] anthesis, with earliness tending to give an increased duration 

for seed filling depending on environment condition (Gregersen et al., 2013) [24]. The 

association between stay green and desirable traits such as greater number of fertile tillers 

(Ahlawat et al., 2008) [1], higher number of grains per ear (Luche et al., 2017) [39], tolerance to 

abiotic (Kassahun et al., 2010; Velasco Arroyo et al., 2016) [32, 89] and biotic (Sun et al., 2017) 
[83] stresses have been reported. 

Five distinct types of stay-green plants viz. A, B, C, D and E (figure 1) have been reported 

where the occurrence of distinct physiological and genetic modifications can be detected 

(Thomas & Howarth, 2000) [85]. In Type A stay-greens, senescence is initiated late, but then 

proceeds at the normal rate. In Type B, senescence is initiated on schedule, but subsequently 

proceeds more slowly. 
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Fig 1. Five ways to stay-green. Curves show chlorophyll content and photosynthetic capacity (arbitrary scale) for a representative leaf, whole 

plant or canopy 

 

In Type C stay-greens, chlorophyll may be retained more or 

less but physiological function show that senescence is 

proceeding normally beneath the cosmetic surface of retained 

pigmentation. Type D stays green are obtained by killing the 

leaf (freezing, boiling or drying). In Type E behaviour, the 

photosynthetic capacity of an intensely green genotype may 

follow the normal ontogenetic pattern, but comparison of 

absolute pigment contents identifies it as a stay-green.  

The functional stay-green trait during grain filling that results 

from a delay in the onset of leaf senescence or a slower 

decrease of chlorophyll content and photosynthetic activity 

will probably extend the assimilatory capacity of the canopy 

and might contribute to higher grain yields (Gwathmey et al., 

1992). In other words stay-green trait with slow senescence 

not only increase the biomass and photosynthetic efficiency 

but also contribute to higher seed yield by efficient 

translocation of photosynthates during grain filling period.  

Four QTLs in rice (Oryza sativa) (Csfl12, TCS4, Csfl6, and 

Csfl9/Tcs9) were in two Recombinant inbreed lines (RILs) 

derived from the combination of varieties “Suweon490” 

(japonica and synchronized) x “SNU-SG1” (japonica and SG) 

and “Andabyeo” (Indica and synchronized) x “SNU-SG1” 

(Figure 5c). Moreover, identification of the SG QTLs Csfl6 

and Tcs9 in the same positions with the two-grain yield QTLs 

(Yld6 and Yld9) strengthens the link between the presence of 

high productivity and presence of stay-green character in rice 

(FU et al., 2009) [21].  

 

1. Growth and Growth Parameters 

Mansab et al. (2003) [44] reported that for maximum crop 

growth, enough leaves must be present in the canopy to 

intercept most of the incident NAR (net active radiation). 

Therefore, growth is often expressed on a leaf-area basis. 

Samba et al. (2003) [66] found that interception of PAR 

(photosynthetically active radiation) is closely followed by 

LAI (leaf area index). Reduced NAR (net active radiation) 

interception causes reduction of the RGR and LAR. Various 

researchers have also reported that the genetic progress in 

yield potential of rice is dependent up on larger sink size, 

larger leaf area index (LAI) & leaf area duration (LAD) 

(Cheng et al. 2007; Peng et al. 2010; Yang & Zhang et al. 

2010) [11, 95]. A number of studies indicated that increase in 

biomass production after flowering in rice as yield and 

accumulation of biomass production before flowering is a 

function of grain yield in rice.  

The physiological character which is responsible for higher 

grain yield are high photosynthetic rate and slow leaf 

senescence (Katsura et al. 2007) [33] great biomass 

accumulation before or after anthesis (Katsura et al. 2007, 

Peng et al. 2009, Yang and Zhang 2010) [33, 95]. Among many 

agronomic characteristics, days to flowering, plant height and 

yield potential determine the economical production of any 

crop including rice (Xue et al. 2008). The contribution of 

these traits to grain yield and main yield limiting factors, 

however may vary with varieties, years and cropping systems 

(Fowlkes et al.,2007 Katsura et al., 2007 [33] Zhang et.al, 2009 

Peng 2010, Fisher,2011, Tian et al., 2011). According to 

Hassan et al. (2011), age of tillers and number of tillers per 

hill were significant on crop growth rate (CGR), relative 

growth rate (RGR), leaf area ratio (LAR) and leaf area index 

(LAI). Babu et al. (2012) [6] stated that days to flowering 

recorded positive and significant correlation with plant height 

and negative and significant association with grain yield per 

plant.  

Panwar et al., (2012) conducted a study of different rice 

cultivars which indicated that the growth like plant height, no. 

of tillers/m2, leaf area index (LAI) and dry matter 

accumulation has positive correlation with grain yield. 

However during the study of inter relationship and path 

analysis for yield improvement in executive rice it has been 

concluded that the desirable traits which are responsible for 

seed yield, plant height, number of effective tillers per hill, 

flag leaf length, panicle length, biological yield per hill and 

harvest index (Bineeta et al., 2012). Plant height is the main 

determining factor of plant architecture which directly effect 

on the final yield. Other than the plant height number of 

tillers/plant, number of grains per panicle and grain weight 
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also directly effect on the final yield of rice (Selvaraj et al. 

2011; Babu et al. 2012) [6]. 

 

2. Dry Matter and its Partitioning 

Dry matter is net outcome of photosynthetic efficiency of any 

crop plant, accumulated in different plant parts including 

grain. A number of studies indicated that increase in biomass 

production after flowering in rice as yield and accumulation 

of biomass production before flowering is a function of grain 

yield in rice (Sahu, 2015) [64]. Song et al. (2012) conducted an 

experiment on effect of enhanced panicle nitrogen application 

on yield in direct seeded and transplanted rice. These results 

indicated that enhanced low panicle nitrogen might benefit 

dry matter accumulation but lead to yield decline.  

 

3. Chlorophyll Content 
Thomas and Howarth (2000) [85] reported that the functional 

stay-green trait during grain filling results from a delay in the 

onset of leaf senescence or a slower decrease of chlorophyll 

content and photosynthetic activity. Delayed senescence, or 

stay-green of leaf can be generally divided into two groups, 

functional and non-functional. The potential benefit of stay-

green was initially viewed from the angle of the maintenance 

of photosynthetic activity (Rosenow et al. 1983; Thomas and 

Smart 1993; Borrell et al. 2000) [87, 8]. The stay-green trait 

may result from a delay in the onset of leaf senescence, from 

a reduced rate of senescence, or from the inhibition of one of 

the partial processes involved in chlorophyll breakdown 

(Thomas & Howarth, 2000; Luquez & Guiamét, 2001) [85, 41].  

Sanchez and colleagues (2002) also made the assumption that 

the delayed leaf senescence from stay-green would sustain 

photosynthetic activity. The decrease in electron transport 

along photosystem II may be due to an inactivation of the 

oxygen evolution system or of the photosystem II reaction 

centre complex, as well as to the inhibition of energy transfer 

from carotenoids to chlorophyll (Lu et al., 2002) [40]. 

Chlorophyll is protected from degradation in contrast to 

soluble proteins especially in stay-green hybrids. 

Hörtensteiner and Kräutler (2011), told that major advances in 

understanding the origins and implications of stay-green 

followed from the discovery of the pathway of chlorophyll 

catabolism and associated genes growing awareness of the 

functional significance of the photosynthetic and nitrogen 

remobilization phases of leaf development. According to 

Kusaba et al., (2013), another route to stay-green via pigment 

metabolism is the continued biosynthesis of chlorophyll in 

excess of the activity of the catabolic pathway. Plants 

engineered to overproduce chlorophyll-for example by 

overexpression of the gene encoding chlorophyllide a 

oxygenase. 

 

4. Protein and Carbohydrate Content 

Thomas and Stoddart (1995) showed that soluble protein is 

mobilized normally during senescence of a Festuca cosmetic 

stay-green, and that proteolysis could be inhibited by 

treatment with cytokinin or accelerated with abscisic acid 

(ABA), just as in the wild type, without an appreciable effect 

on pigment retention. Studies conducted by Fu et al. (2000) 

stated that SNU-SG1 exhibited not only higher grain-filling 

percentage but also re-accumulation of carbohydrate in stem 

at a later phase of grain filling that are presumably related to 

the extended duration of higher photosynthesis and the 

resulted increase of photosynthate translocation to grain and 

stem.  

According to Thomas et al. (2002), chlorophyll is protected 

from degradation in contrast to soluble proteins especially in 

stay-green hybrids. Photosynthates generated after heading 

are responsible for 60-90% of the total carbon accumulated in 

rice panicles at harvest, while 70-90% of total panicle 

nitrogen uptake occurs before heading and is subsequently 

remobilized from leaf to grain during monocarpic senescence 

(Mae, 1997; Yue et al., 2006) [43, 97]. 

 

5. Nutrient Acquisition and Mobilization  

As rubisco, a central enzyme for the conversion of CO2 into 

carbohydrates, accounts for about half the nitrogen in leaves 

of C3 plants and about 25% of the leaves of C4 plants, 

remobilizing nitrogen from rubisco and photosynthetic 

pigments implies that the photosynthetic rate is bound to 

decrease during grain filling. It seems that, in contrast to 

species with high nitrogen sinks, the demands of developing 

vegetative tissue or grains can be met by nitrogen recycled 

from Rubisco and other soluble proteins, without recourse to 

the nitrogen immobilized in thylakoids as a consequence of 

pigment retention. (Lester, 1989; Evans, 1996; Ross-Ibarra et 

al., 2007). Hensel et al. (1993) [25] proposed that the switch to 

nutrient salvage and yellowing is a direct response to the 

decline in photosynthetic capacity. The percentage of 

phosphorus decreased rapidly after transplanting, then 

increased gradually and reached a high percentage at the time 

of the start of flowering. This high percentage continued 

during flowering and then decreased until the dough stage. 

This coincided with the translocation and accumulation of 

starch in the grain showing a close relationship between 

carbohydrate metabolism and phosphorus.  

Mae (1997) [43] said that grain filling and leaf assimilation 

sustenance are usually conflicting processes in monocarpic 

cereal crops as the amount of N absorbed during grain filling 

is much smaller than the amount of N accumulated in mature 

grains. Thus, a large part of grain N is remobilized from 

vegetative organs especially from leaf blades to the 

developing grain causing leaf senescence and decrease of 

photosynthesis after flowering. Wade et al. (1999) examined 

the patterns of nutrient response. The effect of micronutrients 

was small and phosphorus, potassium was of little benefit 

unless nitrogen was added. But the magnitude of the nitrogen 

response varied substantially with water regime. According to 

a study conducted by Fu et al. (2000) nitrogen balance 

between the supply from remobilization and uptake during 

grain filling and the demand for accumulation in grain may be 

an important factor determining leaf senescence during grain-

filling period. Inthapanya et al. (2000) reported that both 

genotypes and its interaction with fertilizer had significant 

effects on grain yield, which was closely associated with total 

N and P content at maturity. Both N and P use efficiency were 

consistent across fertilizer levels and hence are likely to be 

useful as selection criteria. They also indicated that genotypes 

with high harvest index are likely to perform well in different 

fertility conditions.  

Among the five cases of stay-green reviewed by Thomas and 

Howarth (2000) [85], the type E stay-green is a case where 

senescence initiates at a similar date and follows a similar rate 

to a senescent type, but the higher initial nitrogen content in 

the leaves buffers the grain-filling-induced decline in leaf-

nitrogen. That is, the current view is that an increased 

nitrogen uptake by roots during grain-filling leads to longer 

duration of leaves, and the higher specific leaf nitrogen (SLN) 

levels maintains the photosynthetic activity of these leaves at 

high levels for a longer period. In crops producing grain, the 
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most important nutrient required to fill up grain is nitrogen 

and it is remobilized from the nitrogen -rich leaf tissues 

(Sinclair and Vadez 2002). Temporary nitrogen 

immobilization in rice straw hinders the nitrogen availability, 

but this is a temporary condition and later nitrogen becomes 

available by plants (Seneviratne, 2002). With rise of dry 

matter production phosphorus uptake increased from tillering 

stage to elongation stage but the phosphorus content in unit 

dry matter was tended to decrease in rice crop (Liu Delin et 

al., 2005).  

Thomas and Howarth, (2000) [85]; Yoo et al., (2007) [96] 

reported that functional stay-greens are genotypes in which 

the carbon-nitrogen transition point is delayed, or the 

transition occurs on time but subsequent yellowing and 

nitrogen remobilization run slowly phosphorus. Pommel et al. 

(2006) reported that nitrogen uptake was larger and shoot 

nitrogen concentration decreased later in stay-green variety 

than the normally senescent variety during grain-filling 

period. It was further reported that the increment of rice yield 

is strongly associated with nutrient specially nitrogen, and 

potassium, uptake during the growth period of rice plant 

(Ashrafuzzaman et al. 2009). A study on nutrient uptake of 

japonica and indica rice varieties revealed that phosphorus 

content of rice plants in different growth stage increased with 

increase of phosphorus level. At maximum tillering stage 

there was negative correlation between phosphorus and 

nitrogen uptake but at harvest stage strong positive correlation 

was noticed. The grain phosphorus content was much higher 

than that of shoot (Islam et al., 2008). Thomas and Ougham, 

(2014) [86] stated that the leaves of a plant population, 

aggregated into a canopy, also go through carbon-capture and 

nitrogen-remobilization phases, although there are scaling 

issues that need to be considered when extrapolating results 

from laboratory to field. 

 

6. Genotypic and Phenotypic Coefficients of Variability  

 

 
Table 1. 

 

Author(s) Character studied 
Magnitude of genetic parameters 

PCV GCV 

Babu et al. (2012) [6] 

Days to 50% flowering Low Low 

Plant height Moderate Moderate 

Panicle length Low Low 

Panicle number Moderate Moderate 

Grain number/panicle High High 

100-grain weight High High 

Grain yield per plant Low Low 

Augustina et al. (2013) 

Days to 50% flowering High High 

Plant height Moderate Moderate 

Panicle number High High 

Grain number/panicle High High 

100-grain weight Moderate Moderate 

Grain yield per plant High High 

Plot yield High High 

Dhurai (2014) [14] 

Days to 50% flowering Low Low 

Plant height Moderate Moderate 

Panicle length Moderate Moderate 

Panicle number Moderate Moderate 

Grain number/panicle High High 

100-grain weight Moderate Moderate 

Harvest index Moderate Moderate 

Grain yield per plant High High 

Rao et al. (2014) [91] 

Days to 50% flowering Low Low 

Plant height Low Low 

Panicle number Low Moderate 

Panicle length Low Low 

Grain number/panicle Moderate High 

100-grain weight Moderate High 

Grain yield per plant Moderate Moderate 

Veni and Niveditha (2014) [90] 

Days to 50% flowering Moderate Moderate 

Plant height High High 

Panicle length Low Low 

Grain number/panicle High High 

100-grain weight Moderate Moderate 

fertility percentage Low Low 

Grain yield per plant High High 

Fathelrahman et al. (2015) [17] Grain yield per plant High Low 

Islam et al.(2015) [28] 

Days to 50% flowering High High 

Plant height High High 

Grain number/panicle High High 

100-grain weight High High 

Grain yield per plant High High 

Kumar et al.(2015) [75] 
Days to 50% flowering Low Low 

Plant height Moderate Moderate 
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Panicle length Low Low 

Harvest index Low Low 

Grain yield per plant Moderate Moderate 

Shinde et al.(2015) [75] 
Harvest index High High 

Grain yield per plant High High 

Anis et al.(2016) [4] 

Plant height Low Low 

Panicle length Moderate Moderate 

Panicle number Moderate Moderate 

Grain number/panicle High High 

Grain yield per plant Moderate Moderate 

Mishu et al.(2016) [45] 

Days to 50% flowering Moderate Moderate 

Plant height Moderate Moderate 

Panicle length Moderate Moderate 

100-grain weight Moderate Moderate 

Flag leaf length Moderate Moderate 

Grain yield per plant Moderate Moderate 

Jalandhar et al.(2017) [29] 

Days to 50% flowering Low Low 

Plant height Low Low 

Panicle length Moderate Low 

fertility percentage Low Low 

Harvest index Low Low 

Grain yield per plant High High 

Sumanth et al. (2017) [87] 

Days to 50% flowering Low Low 

Plant height Moderate Moderate 

Panicle length Low Low 

fertility percentage Low Low 

Grain yield per plant High High 

 

7. Heritability and genetic advance 

 
Table 2. 

 

Character 
Magnitude of genetic parameters 

Heritability Genetic advance 

Days to 50% 

flowering 

High High 

Bhadru et al.(2012)), Augustina et al.(2013), Dutta et al.(2013) [15], Kumar et al.(2013) [80], Islam et al.(2015) [28], Lingaraja et 

al.(2015) [38], Rajkumar et al.(2015) [59], Sahu et al.(2015) [64], Sala and Shanti (2016), Nandini et al. (2017) [47], Gour et al. 

(2017) [23] 

High Moderate 

Babu et al.(2012) [6], Mishu et al.(2016) [45], Nandini et al. (2017) [47], Jalandhar et al.(2017) [29] 

High Low 

Dhurai (2014) [14], Ganapati et al.(2014) [22], Ketan and Sarkar (2014) [34], Ogunbayo et al.(2014) [49], Paikhomba et al.(2014), 

Rao et al.(2014) [91], Sharma et al.(2014) [74], Shrivastava et al.(2014) [77], Kumar et al.(2015) [75], Pradhan et al.(2015) [55], 

Sarwar et al.(2015) [68], Senapati and Kumar (2015) [75] 

Moderate Low 

Savitha and Ushakumari (2015) [70], Thomas and Lal (2012) 

Plant height 

 

 

High High 

Bhadru et al.(2012), Ovunget al.(2012), Dhurai (2014) [14], Ketan and Sarkar (2014) [34], Kumar et al.(2014), Rajput et 

al.(2014) [60], Sharma et al.(2014) [74], Shrivastava et al.(2014) [77], Kumar et al.(2015) [75], Pradhan et al.(2015) [55], Sahu et 

al.(2015) [64], Shinde et al.(2015) [75], Anis et al.(2016) [4], Sumanth et al (2017) [87], Gour et al. (2017) [23] 

High Moderate 

Babu et al.(2012) [6], Augustina et al.(2013), Dhanwani et al.(2013),Vanisree et al.(2013), Lingaiah et al.(2014) [91], Rao et 

al.(2014) [91], Rajkumar et al.(2015) [59], Savitha and Ushakumari(2015) [70], Senapati and Kumar (2015) [75], Mishu et 

al.(2016) [45], 

High Low 

Ganapati et al.(2014) [22], Paikhomba et al.(2014), Sarwar et al(2015) [68] 

Moderate Moderate 

Fentie et al.(2014) [19] 

Panicle length 

High High 

Shiva Prasad et al.(2013), Dhurai (2014) [14], Gour et al. (2017) [23] 

High Moderate 

Ketan and Sarkar (2014) [34], Kumar et al.(2015) [75], Anis et al.(2016) [4], Mishu et al.(2016) [45], Jalandhar et al.(2017) [29], 

Sumanth et al.(2017) [87] 

High Low 

Babu et al.(2012) [6], Ovung et al.(2012), Shrivastava et al.(2014) [77], Savitha and Ushakumari(2015) [70], Sarwar et al.(2015) 
[68], Senapati and Kumar (2015) [75] 

Moderate Moderate 

Rao et al.(2014) [91], Pradhan et al.(2015) [55] 

Moderate Low 

Thomas &Lal (2012), Ganapati et al.(2014) [22], Nandini et al.(2017) [47] 
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Low Low 

Fentie et al.(2014) [19] 

Panicle number 

High High 

Augustina et al.(2013), Dutta et al.(2013) [15], Gangashetty et al.(2013), Shiva Prasad et al.(2013), Vanisree et al.(2013), 

Dhurai (2014) [14], Shrivastava et al.(2014) [77], Savitha and Ushakumari (2015) [70], Sarwar et al.(2015) [68] 

High Moderate 

Ogunbayo et al.(2014) [49], Anis et al.(2016) [4] 

Moderate Moderate 

Babu et al.(2012) [6], Dhanwani et al.(2013), Ganapati et al.(2014) [22] 

Low Low 

Singh et al.(2013) [80], Ketan and Sarkar(2014) [34], Lingaiah et al.(2014) [91], Paikhomba et al.(2014), Rao et al.(2014) [91], 

Pradhan et al.(2015) [55], Senapati and Kumar (2015) [75] 

No. of fertile 

grains/panicle 

High High 

Babu et al.(2012) [6], Augustina et al.(2013), Dhanwani et al.(2013), Singh et al.(2013) [80], Vanisree et al.(2013), Dhurai 

(2014) [14], Ketan and Sarkar(2014) [34], Lingaiah et al.(2014) [91], Rai et al.(2014) [91], Rajput et al.(2014) [60], Sandhya et 

al.(2014) [58], Saikumar et al.(2014), Sharma et al.(2014) [74], Islam et al.(2015) [28], Savitha&Ushakumari(2015),Sarwar et 

al.(2015) [68], Islam et al.(2016) [45] 

High Moderate 

Paikhomba et al.(2014), Anis et al.(2016) [4] 

Moderate Low 

Ganapati et al.(2014) [22] 

Low High 

Rao et al.(2014) [91] 

Low Moderate 

Senapati and Kumar (2015) [75] 

Low Low 

Fentieet al.(2014) [19] 

Fertility 

percentage 

High High 

Bhadru et al.(2012), Dhanwaniet al.(2013), Ketan & Sarkar (2014) [34], Saikumar et al.(2014), Shrivastava et al.(2014) [77], 

Sahu et al.(2015) [64] 

High Low 

Seyoum et al.(2012), Sharma et al.(2014) [74] 

Moderate Low 

Vanisree et al.(2013) 

Low Low 

Senapati and Kumar (2015) [75] 

Grain weight 

High High 

Bhadru et al.(2012), 2013),Gangashetty et al.(2013), Vanisree et al.(2013), Dhurai (2014) [14], Fentie et al.(2014) [19], Ketan 

and Sarkar (2014) [34], Lingaiah et al.(2014) [91], Rai et al.(2014) [58], Sandhya et al.(2014) [58], Sharma et al.(2014) [74], 

Shrivastava et al.(2014) [77], Pradhan et al.(2015) [55], Sahu et al.(2015) [64], Senapati and Kumar (2015) [75], Islam et al.(2016) 
[45] 

High Moderate 

Babu et al.(2012) [6], Mishu et al.(2016) [45] 

High Low 

Ovung et al.(2012), Dhanwani et al.(2013), Singh et al.(2013) [80], Sarwar et al.(2015) [68] 

Moderate Moderate 

Savitha & Ushakumari (2015) [70] 

Moderate High 

Rao et al.(2014) [91] 

Moderate Low 

Thomas &Lal (2012), Ganapati et al.(2014) [22] 

Harvest index 

High High 

Sravan et al.(2012), Dutta et al.(2014), Ganapati et al.(2014) [22], Haque et al.(2014) [24], Paikhomba et al.(2014), Rai et 

al.(2014) [58], Sandhya et al.(2014) [58], Saikumar et al.(2014), Shrivastava et al.(2014) [77], Lingaraja et al.(2015) [38], Sahu et 

al.(2015) [64] 

High Moderate 

Ovunget al.(2012), Sharma et al.(2014) [74], Kumar et al.(2015) [75] 

Moderate Moderate 

Thomas &Lal (2012) 

Moderate Low 

Singh et al.(2013) [80] 

Low Low 

Pradhan et al.(2015) [55] 

Flag leaf length 

High High 

Bhadru et al.(2012), Sravan et al.(2012), Mishu et al.(2016) [45] 

High Moderate 

Sharma et al.(2014) [74] 

Flag leaf area 
High High 

Pandey et al.(2012), Sahu et al.(2015) [64], Islam et al.(2016) [45] 
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8. Correlation of grain yield with component traits 

 
Table 3. 

 

Sl. 

No. 
Character Direction of association 

1. Days to flowering 

Positive 

Bhadru et al.(2012), Rangare et al.(2012), Aditya & Bhartiya(2013), Reddy et al.(2013), Vanisree et al.(2013), Haque 

et al.(2014) [24], Sarkar et al.(2014) [34], Dash et al. (2015) [12], Islam et al.(2016) [45], Mishu et al.(2016) [45] 

Negative 

Babu et al.(2012) [6], Seyoum et al.(2012), Augustina et al.(2013), Singh et al.(2013) [80], Ganapati et al.(2014), Haque 

et al.(2014) [24], Haque et al.(2014) [24], Lingaiah et al.(2014) [91], Rai et al.(2014) [58], Kumar et al.(2015) [75], Pradhan 

et al.(2015) [55], Savitha & Ushakumari(2015) [70] 

2. Plant height 

Positive 

Reddy et al.(2013), Singh et al.(2013) [80], Vanisree et al.(2013), Ganapati et al.(2014) [22], Haque et al.(2014) [24], 

Haque et al.(2014) [24], Jambhulkar et al.(2014) [30], Norain et al.(2014), Rai et al.(2014) [58], Venkanna et al.(2014), 

Venkatalakshmi et al. (2014), Dash et al. (2015) [12], Pradhan et al.(2015) [55], Savitha & Ushakumari (2015) [70], 

Shinde et al.(2015) [75] 

Negative 

Babu et al.(2012) [6], Bhadru et al.(2012), Seyoum et al.(2012), Augustina et al.(2013), Nagraju et al.(2013), Lingaiah 

et al.(2014) [91], Ogunbayo et al.(2014) [49], Ramanjaneyulu et al.(2014), Mishu et al.(2016) [45] 

3. Panicle length 

Positive 

Ashfaq et al.(2012), Bhadru et al.(2012), Idris et al.(2012), Reddy et al.(2013), Sanghera et al.(2013), Singh et 

al.(2013) [80], Vanisree et al.(2013), Aditya & Bhartiya (2014), Haque et al.(2014) [24], Haque et al.(2014) [24], Lingaiah 

et al.(2014) [91], Ogunbayo et al.(2014) [49], Rao et al.(2014) [91], Dash et al. (2015) [12], Lingaraja et al.(2015) [38], 

Pradhan et al.(2015) [55], Savitha & Ushakumari(2015) [70], Islam et al.(2016) [45], Mishu et al.(2016) [45] 

Negative 

Babu et al.(2012) [6], Venkatalaksmi et al.(2014) 

4. Panicle number 

Positive 

Babu et al.(2012) [6], Bhadru et al.(2012), Reddy et al.(2013), Sanghera et al.(2013), Vanisree et al.(2013), Ganapati et 

al.(2014) [22], Haque et al.(2014) [24], Norain et al.(2014), Ogunbayo et al.(2014) [49], Ramanjaneyulu et al.(2014), 

Sarkar et al.(2014) [34], Venkatalaksmi et al.(2014), Das (2015), Moosavi et al.(2015), Pradhan et al.(2015) [55], Savitha 

& Ushakumari(2015) [70] 

5. 
Number of fertile 

grains/panicle 

Positive 

Idris et al.(2012), Augustina et al.(2013), Basavaraja et al.(2013), Reddy et al.(2013), Sanghera et al.(2013), Vanisree 

et al.(2013), Jambhulkar et al.(2014) [30], Ketan and Sarkar (2014) [34], Rai et al.(2014), Saikumar et al.(2014), Sandhya 

et al.(2014) [58], Das(2015), Dash et al. (2015) [12], Pradhan et al.(2015) [55], Savitha & Ushakumari (2015) [70], Senapati 

and Kumar (2015) [75], Islam et al.(2016) [45] 

6. 
Spikelets per 

panicle 

Positive 

Rangare et al.(2012), Sravan et al.(2012) Reddy et al.(2013) 

7. 
Fertility 

percentage 

Positive 

Satheesh kumar & Sarvanan(2012), Seyoum et al.(2012), Sravan et al.(2012), Ketan & Sarkar (2014) [34], Saikumar et 

al.(2014), Das(2015), Naseer et al.(2015), Pradhan et al.(2015) [55] 

Negative 

Vanisree et al.(2013) 

8. 100-grain weight 

Positive 

Rangare et al.(2012), Sravan et al.(2012), Augustina et al.(2013), Ganapati et al.(2014) [22], Haque et al.(2014) [24], 

Lingaiah et al.(2014) [91], Norain et al.(2014), Rai et al.(2014) [58], Ramanjaneyulu et al.(2014), Rao et al.(2014) [91], 

Naseer et al.(2015), Savitha and Ushakumari(2015) [70], Shinde et al.(2015) [75], Islam et al.(2016) [45], Mishu et 

al.(2016) [45] 

Negative 

  Reddy et al.(2013), Vanisree et al.(2013) 

9. Harvest index 

Positive 

Idris et al.(2012), Rangare et al.(2012), Sravan et al.(2012), Nagraju et al.(2013), Ganapati et al.(2014) [22], Haque et 

al.(2014) [24], Rai et al.(2014) [58], Ramanjaneyulu et al.(2014), Sandhya et al.(2014) [58], Saikumar et al.(2014), 

Venkanna et al.(2014), Das et al.(2015), Kumar et al.(2015) [75], Lingaraja et al.(2015) [38], Moosavi et al.(2015), 

Pradhan et al.(2015) [55], Shinde et al.(2015) [75] 

10. Flag leaf length 
Positive 

Sravan et al.(2012), Reddy et al.(2013), Norain et al.(2014), Dash et al. (2015) [12], Mishu et al.(2016) [45] 

11. Flag leaf area 

Positive 

Pandey et al.(2012) 

Negative 

Mishu et al.(2016) [45] 

12. Grain yield/plant 
Positive 

Dash et al. (2015) [12], Pradhan et al.(2015) [55] 

 

Conclusion 

During the last few years there have been tremendous 

increases in the understanding of the mechanisms and 

processes that control chlorophyll degradation in higher 

plants. Stay-green genotypes retained high photosynthetic 

competence and photochemical efficiency as well as leaf 

chlorophyll content throughout grain filling as compared with 

other genotypes. These findings revealed that the excess 
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carbohydrates accumulated in the grain filling period in a 

stay-green variety is not translocated due to poor sink size, 

therefore it is believed that large panicles to store the 

increased production of carbohydrate resulting from stay-

green foliage. From several findings, it has been suggested 

that a functional stay-green trait can be utilized for improving 

crop yield potential through the improved dry matter 

production during grain filling. There is a positive correlation 

between stay-green and yield as observed in several studies. 

Molecular techniques can be used to identify QTL controlling 

stay-green and its location in the chromosome. Hence it can 

be concluded that based on physiological, morphological and 

molecular characteristics, stay-green genotypes can be 

isolated and used in advanced breeding programmes for 

genetic crop improvement. 
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Ban õs, Philippines, 1991, 17-38. 

14. Dhurai S. Correlation and path coefficient ana  under 

organic fertilizer management in rice (Oryza sativa L.), 

Electronic Journal of Plant Breeding. 2014; 5(3):581-587. 

15. Dutta P, Dutta PN, Borua PK. Morphological traits as 

selection indices in rice: A Statistical View, Universal 

Journal of Agricultural Research. 2013; 1(3):85-96. 

16. Evans LT. Crop evolution, adaptation and yield. 

Cambridge: Cambridge University Press.  

17. Fathelrahman SA, Alsadig AI, Dagash YI. Genetic 

Variability in Rice Genotypes (Oryza sativa L.) in Yield 

and Yield Component under Semi-Arid Zone (Sudan) 

Journal of Forest Products & Industries3. 2015; 4(2):21-

32. 

18. Fazlalipour M, Rabiei B, Lahiji SH, Soroush RH. 

Multitrait Selection for Screening Elite Genotypes of an 

F2 Rice Population, Journal of science and technology of 

Agriculture and Natural Resources, Water and Soil 

Science. 2008; 11(42):41-52. 

19. Fentie Demewez, Alemayehu Getachew, Siddalingaiah 

Mahesh and Tadesse Tilahun. Genetic Variability, 

Heritability and Correlation Coefficient Analysis for 

Yield and Yield Component Traits in Upland Rice 

(Oryza sativa L.), East African Journal of Sciences. 2014; 

8(2):147-154. 

20. Fotokian Mohammad H, Kayvan A. Genetic worth and 

stability of selection indices in rice (Oryza sativa L.), 

Progress in Biological Sciences. 2014; 4(2):153-166.  

21. Fu Jin-Dong, Yong-Feng Yan, Byun-Woo Lee. 

Physiological Characteristics of a Functional Stay-

Rice“SNU-SG1” during Grain-Filling Period. Journal of 

Crop Science Biotechnology. 2009; 12(1):47-52. 

22. Ganapati RK, Rasul MG, Mian MAK, Sarkar U. Genetic 

variability and character association of T-aman rice 

(Oryza sativa L), International Journal of Plant Biology 

& Research. 2014; 2(2):1013. 

23. Gour L, Koutu GK, Singh SK, Patel DD, Shrivastava A, 

Singh Y. Genetic variability, correlation and path 

analyses for selection in elite breeding materials of rice 

(Oryza sativa L.) genotypes in Madhya Pradesh, The 

Pharma Innovation Journal. 2017; 6(11):693-696. 

24. Gregersen PL, Culetic A, Boschian L, Krupinska K. Plant 

senescence and crop productivity. Plant Molecular 

Biology. 2013; 82:603-22. 

25. Hensel LL, Grbić V, Baumgarten DA, Bleecker AB. 

Developmental and age-related processes that influence 

the longevity and senescence of photosynthetic tissues in 

Arabidopsis. Plant Cell. 1993; (5):553-564. 

26. Haque S, Pradhan SK, Anandan A, Singh ON. 

Morphometric diversity studies in rice genotypes for 

yield and yield attributing characters under drought, The 

International Journal of Science & Technoledge. 2014; 

2(8):139-142. 

27. Hortensteiner S, Krautler B. Chlorophyll breakdown in 

higher plants. Biochimica et Biophysica Acta, 1807, 977-

988. 

28. Islam MA, Raffi SA, Hossain MA, Hasan AK. Analysis 

of genetic variability, heritability and genetic advance for 

yield and yield associated traits in some promising 

advanced lines of rice, Progressive Agriculture. 2015; 

26:26-31. 

http://www.phytojournal.com/


 

~ 1319 ~ 

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com 
29. Jalandhar Ram B, Suresh Babu G, Roopa Lavanya G, 

Madhu Kumar K, Spandana B. Genetic variability for 

yield attributing traits of elite rice Germplasm (Oryza 

sativa L.), Journal of Pharmacognosy and 

Phytochemistry. 2017; 6(3):832-834. 

30. Jambhulkar N, Bose L. Genetic variability and 

association of yield attributing traits with grain yield in 

upland rice, Genetika. 2014; 46(3):831-838. 

31. Jennings PR, Berio LE, Torres E, Corredor E. A breeding 

strategy to increase rice yield potential. FLAR, Colombia 

Joshi AK, Kumari M, Singh VP, Reddy CM, Kumar S, 

Rane J, Chand R. Stay green trait: variation, inheritance 

and its association with spot blotch resistance in spring 

wheat (Triticumaestivum L.). Euphytica, 2007, 2012; 

153:59-71. 

32. Kassahun B, Bidinger FR, Hash CT, Kuruvinashetti MS. 

Stay-green expression in early generation sorghum 

[Sorghum bicolor (L.) Moench] QTL introgression lines. 

Euphytica. 2010; 172:351-362. 

33. Katsura K et al. Analysis of yield attributes and crop 

physiological traits of Liangyoupeijiu, a hybrid rice 

recently bred in China. Field crop Research. 2007; 

103(3):170-177. 

34. Ketan R, Sarkar G. Studies on variability, heritability, 

genetic advance and path analysis in some indigenous 

Aman rice (Oryza sativa L.), Journal of Crop and Weed. 

2014; 10(2):308-315. 

35. Khush GS. Breaking the yield frontier of rice. Geo 

Journal. 1995; 35:329-332. 

36. Lingaiah N, Venkanna V, Cheralu C. Genetic variability 

analysis in rice (Oryza sativa L.), International Journal of 

Pure & Applied Bioscience. 2014; 2(5):203-204.  

37. Lingaiah N, Venkanna V, Cheralu C, Satish Chandra B. 

Correlation And path analysis for yield and yield 

Attributes in Mid Early group genotypes of rice (Oryza 

sativa L.), International Journal of Innovative Science, 

Engineering & Technology. 2014; 1(9):79-82. 

38. Lingaraja L, Mohammad Shafiqurrahaman, Sriharsha 

VP, Suresh BG. Estimation of genetic variability, direct 

and indirect effects of yield contributing traits on grain 

yield in aerobic rice (Oryza sativa L.) germplasm, The 

Ecoscan. (Supplement on Rice). 2015; 9(1&2):357-361. 

39. Luche HS, Silva JAG, Nornberg R, Hawerroth MC, 

Silveira SFS, Caetano VR, Santos RL, Figueiredo, RG, 

Maia LC, Oliveira, AC. Stay-green character and its 

contribution in Brazilian wheats. Ciencia Rural. 2017; 

47:e20160583. 

40. Lu QT, Lu CM, Zhang JH, Kuang TY. Photosynthesis 

and chlorophyll a fluorescence during flag leaf 

senescence of field-grown wheat plants. Journal of Plant 

Physiology. 2002; 159:1173-1178. 

41. Lueqez VM, Guimet JJ. Effects of the ‘stay green’ 

genotype GGd1d1d2d2 on leaf gas exchange, dry matter 

accumulation and seed yield in soybean (Glycine max L. 

Merr.). Annals of Botany. 2001; 87:313-318.  

42. Luo P, Ren Z, Wu X, Zhang H, Zhang H, Feng J. 

Structural and biochemical mechanism responsible for 

the stay-green phenotype in common wheat. Chinese Sci. 

Bull. 2006; 51:2595-2603. 

43. Mae T. Physiological nitrogen efficiency in rice: 

Nitrogen utilization, photosynthesis, and yield potential. 

Plant Soil. 1997; 196:201-210. 

44. Mansab Ali, Daniel L, Jeffers, Paul R. Henderlong. 

Interrelationship between leaf area, light interception and 

growth rate in a soyabean-wheat system. Asian jounal of 

Plant Sciences. 2003; 8(2):605-612. 

45. Mishu Most, Fatema Kaosar, Rahman Md. Waliur, Azad 

Mohammad Abul Kalam, Biswas Bhabendra Kumar, 

Talukder Md. Aminul Islam, Kayess Md. Omar, Islam 

Md. Rafiqul, Alam Md. Rakibul. Study on Genetic 

Variability and Character Association of Aromatic Rice 

(Oryza sativa L.) Cultivars, International Journal of Plant 

& Soil Science. 2016; 9(1):1-8. 

46. Moosavi M, Ranjbar G, Najafi Zarrini H, Gilani A. 

Correlation between morphological and physiological 

traits and path analysis of grain yield in rice genotypes 

under Khuzestan conditions, Biological Forum. 2015; 

7(1):43-47. 

47. Nandini B, Gangappa E, Rajanna MP, Mahadevu P, 

Ramesh S, Shailaja Hittalmani PV. Genetic Variability 

Analysis for Grain Yield and its Components Traits in 

Traditional Rice Varieties (TRVs), International Journal 

of Current Microbiology and Applied Sciences. 2017; 

6(8):494-50. 

48. Naseer Sarfraz, Kashif Muhammad, Ahmad Hafiz 

Muhammad, Iqbal Muhammad Sarfaraz, Ali Qurban. 

Estimation of genetic association among yield 

contributing traits in aromatic and non-aromatic rice 

(Oryza sativa L) cultivars, Life Science Journal. 2015; 

12(4s):68-73. 

49. Ogunbayo SA, Sie M, Ojo DK, Sanni KA, Akinwale 

MG, Toulou B et al. Genetic variation and heritability of 

yield and related traits in promising rice genotypes 

(Oryza sativa L.), African Journal of Agricultural 

Research. 2014; 6(11):153-159. 

50. Oladosu Yusuff, Rafii MY, Norhani Abdullah, 

Mohammad Abdul Malek, Rahim HA, Ghazali Hussin et 

al. Genetic Variability and Selection Criteria in Rice 

Mutant Lines as Revealed by Quantitative Traits, The 

Scientific World Journal, Article ID 190531, 2014, 12. 

51. Paikhomba N, Kumar A, Chaurasia AK, Rai PK. 

Assessment of Genetic Parameters for Yield and Yield 

Components in Hybrid Rice and Parents. Journal of Rice 

Research. 2013; 2:117. Doi: 10.4172/jrr.1000117 

52. Panse VG, Sukhatme PV. Statistical methods for 

agricultural workers. Indian Council of Agricultural 

Research, New Delhi. 1954; (2):381. 

53. Parry MAJ et al. Raising yield potential of wheat. II. 

Increasing photosynthetic capacity and efficiency. 

Journal of Experimental Botany. 2010; 62(2):453-467. 

54. Peng S, Cassman KG, Virmani SS, Sheehy J, Khush GS. 

Yield potential trends of tropical rice since the release of 

IR8 and the challenge of increasing rice yield potential. 

Crop Sci. 1999; 39:1552-1559. 

55. Pradhan B, Mishra TK, Das SR. Genetic Basis of yield 

variations in lowland rice, International Journal of 

Sciences: Basic and Applied Research. 2015; 19(2):306-

318.  

56. Purohit Sujoita, Majumder MK. Selection of High 

Yielding Rice Variety from a Cold Tolerant Three-Way 

Rice (Oryza sativa L.) Cross Involving Indica, japonica 

and Wide Compatible Variety, Middle-East Journal of 

Scientific Research. 2009; 4(1):28-31. 

57. Rahangdale SC, Khorde PW and Rout SK. Construction 

of selection indices for varietal selection in upland rice. 

Journal of Maharashtra Agriculture University. 1987; 

12(2):223-224. 

58. Rai SK, Chandra R, Suresh BG, Rai PK, Sandhya RK. 

Genetic diversity analysis of rice germplasm lines for 

http://www.phytojournal.com/


 

~ 1320 ~ 

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com 
yield attributing traits, International Journal of Life 

Sciences Research. 2014; 2(4):225-228. 

59. Rajkumar S, Ibrahim SM. Genetic variability in CMS 

lines of rice (Oryza sativa L.) genotypes that influence 

outcrossing rate percentage. Indian Journal of 

Agricultural Research. 2015; 49(2):165-169. 

60. Rajput AS, Babu GS, Bhatti M. Genetic diversity of 

irrigated medium duration of rice genotypes suited for 

eastern plain zone of U.P., Journal of Agriculture and 

Veterinary Science. 2014; 7(7):42-45. 

61. Rao CS, Rawio S and Rao MJBK. Selection based on 

discriminant function with different relative weights in 

rice crop, Journal of Indian Society of Agricultural 

Statistic. 1979; 31(3):80.  

62. Rao VT, Chandramohan Y, Bhadru D, Bharathi and 

Venkanna V. Genetic variability and association analysis 

in rice, International Journal of Applied Biology and 

Pharmaceutical Technology. 2014; 5(2):63-65. 

63. Rice Almanac IRRI, Sabouri H, Biabani A, Fazlalipour 

M, Sabouri A. Determination of best selection indices for 

facilitating selection in rice, Journal of plant production 

(journal of agricultural sciences and natural resources). 

2013; 17(4):1-25, 2010, 283. 

64. Sahu Parmeshwar KU, Sharma Deepak, Sahu Pooja, 

Singh Satyapal, Chaudhary Prabha Rani, Sao Fakeer 

Chand. Assessment of genetic parameters for various 

quantitative and qualitative traits in hybrid rice (Oryza 

sativa L.), International Journal of Tropical Agriculture, 

2015, 33(1).  

65. Saikumar, Surapaneni Saiharini, Akula, Ayyappa, Dass, 

Padmavathi, Guntupalli, Shenoy V. Heritability, 

Correlation and Path Analysis among Yield and Yield 

Attributing Traits for Drought Tolerance in an 

Interspecific Cross Derived from Oryza sativa x O. 

glaberrima Introgression Line under Contrasting 

Moisture Regimes, Notulae Scientia Biologicae. 2014; 

6(3):338. 

66. Samba T, Stephen C, Alex AR, Martin D, Mortensen A, 

Spotanski JJ. Velvet leaf interference effect on yield and 

growth of grain sorghum. Agron. J. 2003; 95:1602-1607.  

67. Sandhya, Lavanya GR, Babu GS, Kumar R, Rai SK, 

Devi B. Study of genetic variability and D2 analysis in 

elite rice genotypes, International Journal of Food, 

Agriculture and Veterinary Sciences. 2014; 4(2):12-16. 

68. Sarwar G, Hossain MS, Harun-ur-rashid M, Parveen S. 

Assessment of genetic variability for agro-morphological 

important traits in aman rice, (Oryza sativa L.), 

International Journal of Applied Sciences and 

Biotechnology. 2015; 3(1):73-79. 

69. Satheesh PK, Saravanan K. Genetic Variability, 

Correlation and Path analysis in rice (Oryza sativa l.), 

International Journal of Current Research. 2012; 4(9):82-

85.  

70. Savitha P, Usharani. Genetic performance of medicinal 

landraces and improved cultivars for grain and nutritional 

quality traits in rice, Oryza. 2015; 51(1):6-11.  

71. Senapati BK, Kumar A. Genetic assessment of some 

phenotypic variants of rice (Oryza sativa L.) for some 

quantative characters under the Gangetic plains of West 

Bengal, African Journal of Biotechnology. 2015; 

14(3):187-201. 

72. Setter TL, Conocono EA, Egdane JA, Kropff MJ. 

Possibility of increasing yield potential of rice by 

reducing panicle height in the canopy. I. Effects of 

panicles on light interception and canopy photosynthesis. 

Ausralian. Journal of Plant Physiology. 1995; 22-441-

451. 

73. Setter TL, Conocono EA, Egdane JA. Possibility of 

increasing yield potential of rice by reducing panicle 

height in the canopy. II. Canopy photosynthesis and yield 

of isogenic lines. Ausralian. Journal of Plant Physiology. 

1996; 23:161-169. 

74. Sharma Swati, Singh Sanjay, Kuldeep Raj Kumar, 

Beniwal DC. Genetic variability and heritability 

estimates of rice new plant type lines for various 

quantitative traits, Agriculture for Sustainable 

Development. 2014; 2(2):137-140. 

75. Shinde SR, Kumar Kamlesh, Pawar RM. Genetic studies 

in upland rice (Oryza sativa L.). Internattional Journal of 

Plant Science. 2015; 10(1):33-37. 

76. Shobha Rani N, Srikanth S, Bhadana VP, Badri, 

Sundaram RM, Senguttuvel P et al. Genetic diversity and 

Genealogy of rice varieties of India. ICAR-IIRR, 

Hyderabad, Technical Book No, 2014, 368. 

77. Shrivastava A, Mishra DK, Koutu GK, Singh SK. 

Heritability and genetic advance estimation from parental 

lines of hybrid rice, International Journal of Scientific 

Research. 2014; 3(7):11-13. 

78. Siddiq EA. Rice towards food secure India: Potential and 

Prospects, * Dr. Ramaiah Meorial K Lecture at Orissa 

University of Agriculture & Technology, Bhubaneshwar, 

Orissa, 2013. 

79. Silva SA et al. Análise de trilha para oscomponentes de 

rendimento de grãosemtrigo. Bragantia. 2008; 64(2):91-

196. 

80. Singh CM, Suresh G, Kumar B, Mehandi S. Analysis of 

Quantitative Variation and Selection criteria for yield 

improvement in exotic germplasm of upland rice (Oryza 

sativa l.), The Bioscan. 2013; 8(2):485-492. 

81. Souleymane O, Nartey E, Manneh B, Danquah E, Ofori 

K. Phenotypic Variability of 20 Rice Genotypes Under 

Salt Stress. International Journal of Plant Breeding and 

Genetics. 2016; 10:45-51. 

82. Sumanth V, Suresh BG, Ram B, Jand Srujana G. 

Estimation of genetic variability, heritability and genetic 

advance for grain yield components in rice (Oryza sativa 

L.), Journal of Pharmacognosy and Phytochemistry. 

2017; 6(4):1437-1439. 

83. Sun L, Wang Y, Liu LL, Wang C, Gan T, Zhang Z, et al. 

Isolation and characterization of a spotted leaf 32 mutant 

with early leaf senescence and enhanced defense 

response in rice. Scientific Reports. 2017; 7:41846. 

84. Surek H, Beser N. Selection for grain yield and its 

components in early generation in rice (Oryza sativa L.), 

Trakya University Journal of Science. 2005; 6(1):51-58. 

85. Thomas H, Howarth CJ. Five ways to stay green. Journal 

of Experimental Botany. 2000 51:329-337. 

86. Thomas H, Ougham H. The stay-green trait. Journal of 

Experimental Botany. 2014; 65:3889-900. 

87. Thomas H, Smart CM. Crops that stay green. Annals of 

Applied Biology. 1993; 123:193-219. 

88. Tuhina-Khatun MST, Mohamed M, Hanafi Mohd Rafii 

Yusop, Wong MY, Faezah M, Salleh, Jannatul Ferdous. 

Genetic Variation, Heritability, and Diversity Analysis of 

Upland Rice (Oryza sativa L.) Genotypes Based on 

Quantitative Traits, BioMed Research International, 

Article ID 290861, 2015, 7. 

89. Velasco-Arroyo B, Diaz-Mendoza M, Gandullo J, 

Gonzalez Melendi P, Santamaria ME, Dominguez-

Figueroa JD et al. vPap-1 C1A protease actively 

http://www.phytojournal.com/


 

~ 1321 ~ 

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com 
participates in barley proteolysis mediated by abiotic 

stresses. Journal of Experimental Botany. 2016; 67:4297-

4310. 

90. Veni B, Krishna, Niveditha MS. Effect of Mutagens on 

Quantitative and Qualitative Characters in M3 

Generation of Rice Variety ‘Akshaya’ (BPT 2231), 

Journal of Rice Research. 2014; 7(1&2):16-24. 

91. Venkanna V, Rao MB, Raju CHS, Rao VT, Lingaiah N. 

Association Analysis of F2 Generation in Rice (Oryza 

sativa. L.), International Journal of Pure & Applied 

Bioscience. 2014; 2(2):278-283.  

92. Venkata Lakshmi M, Suneetha Y, Yugandhar Venkata 

Lakshmi N. Correlation Studies in Rice (Oryza sativa L.), 

International Journal of Genetic Engineering and 

Biotechnology. 2014; 5(2):121-126. 

93. Virmani SS, Prasad MN, Kumar ISH. Breeding yield 

barrier in rice through exploitation of heterosis. In New 

Frontiers in rice Research, DDR, Hyderabad, 1993, 76-

85. 

94. Yoshida S. Physiological aspects of grain yield. Annual 

Review of Plant Physiology. 1972; 23:437-464.  

95. Yang et al. Crop management techniques to enhance 

harvest index in rice, Journal of Experimental Botany. 

2010; 61(12):3177-3189.  

96. Yoo SC, Cho SH, Zhang H, Paik HC, Lee CH, Li J et al. 

Quantitative trait loci associated with functional stay-

green SNU-SG1 in rice. Molecular Cells. 2007; 24:83-94.  

97. Yue B, Xue W, Luo L, Xing Y. QTL analysis for flag 

leaf characteristics and their relationships with yield and 

yield traits in rice. Yi Chuan Xue Bao. 2006; 33:824-832. 

 

http://www.phytojournal.com/

