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I INTRODUCTION 

Rice (Oryza sativa L.) is the primary staple food crop for about 65 per cent of 

the world population and influences the livelihoods and economies of several billion 

people. It provides 27 per cent of dietary energy and 20 per cent of dietary protein in 

the developing countries (Singh and Singh., 2007).Hence the rice cultivation, 

products, landscapes and traditions attached to it are an integral part of the world’s 

cultural heritage in simple words “Rice is Life”. As a tribute to a commodity that is a 

lifeline for millions of farmers the United Nations General Assembly designated 2004 

as the International year of Rice (Alexander Sarris., 2004). 

Rice is cultivated in all the continents of the world except Antarctica. Asia is 

the major producer and consumer of rice.  In India the crop is cultivated in an area of 

44.1 million hectares, with a production of 105.50 million tonnes and productivity of 

2391.00 kg/ ha (2014-15). In 2016 the production of rice decreased to 104.4 million 

tonnes. It is grown in an area of 13.26 lakh hectares with production of 35.41 lakh 

tonnes and productivity of 26.70 quintal/ ha in Karnataka (Anonymous. 2016).  

Rice is a unique crop grown under diverse ecological regions ranging from 

irrigated to rainfed, upland to lowland and deep water system. The frequent 

occurrences of abiotic stresses have been identified as the key to the low rice 

productivity of rainfed ecosystem. Among all the abiotic stresses, salinity, drought, 

submergence and mineral toxicity are the most important limiting factors affecting 

rice production. In Asia, rice cultivation generally follows a bimodal rainfall pattern, 

thus the drought stress during the growing season can be classified into three types, 

namely early stress (early in the growing season), intermittent stress (in the middle of 

the growing season) and late stress (in the late growing season) (Chang et al., 1979). 

About 23 million hectares of rainfed rice in Asia are estimated to be drought prone, 

and drought is becoming an increasing problem even in traditionally irrigated areas of 

India (Pandey et al., 2005). 

There is a global consensus that current climate is changing mainly due to the 

anthropogenic emissions of greenhouse gases. There is widespread concern over long 

term climate changes and change in climate variability through occurrence of extreme 

weather events such as cyclone, floods, drought and sea level raise etc. The impact of 

climate change on cropping pattern in dry land regions have emerged as a critical 

concern in recent years (Naveen et al., 2011).   Drought is “a shortfall of water 

availability sufficient to cause loss in yield” or a period of no rainfall or irrigation that 

affects crop growth. Yield of rainfed lowland rice, which occupies about 25 per cent 

of the world’s rice areas, are drastically reducing by drought due to unpredictable, 

insufficient and uneven rainfall during the growing period (Zulqarnain Haider et al., 

2013). So, the need to accelerate breeding for increased yield potential and better 

adaptation under drought stress is of great concern. 
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The population continues to grow and the pressure on resources is also 

increasing. In order to feed the growing population, there is a need to breed for 

drought tolerant, high yielding and stable rice varieties. There are numerous local land 

races which are the important components of germplasm serve as the source of 

drought tolerance which can be used as donors. Breeding for drought tolerance is a 

difficult task because drought tolerance is a complex trait involving morphological, 

physiological, biochemical and molecular mechanisms. Hence, study of traits 

associated with improved performance of the plants under water stress condition will 

help in screening and selection of tolerant genotypes and using these traits in breeding 

programs. 

Genetic diversity is a pre-requisite for crop improvement program to develop 

the superior recombinants. Genetic diversity is the total number of genetic 

characteristics in the genetic makeup of a species. It serves as a way for populations to 

adapt to changing environments. Information on the nature and degree of genetic 

divergence would help the plant breeder in choosing the right parents for breeding 

program. The D2 technique is based on multivariate analysis developed by 

Mahalanobis (1936) had found to be a potent tool in quantifying the degree of 

divergence in germplasm. 

Plants have evolved several adaptive mechanisms which classified into four 

categories to overcome the effect of stress. Three of these adaptations are 

developmental traits (e.g. time of flowering), structural traits (e.g. leaf waxiness) and 

physiological mechanisms (e.g. maintaining high relative water content) involve 

complex interaction. The fourth one is the metabolic responses such as alteration in 

metabolism and accumulation of organic osmolytes, most commonly proline 

(Jabasingh and Saravana. 2013). The root characteristics also play an important role in 

drought tolerance, depending on the genotypes, the roots have the ability to undergo 

developmental changes at different extents to better adapt to water stress. Hence, it is 

essential to study the degree of association between these mechanisms with yield 

attributing characters. A study of correlation and path analysis thus help to identify 

suitable selection criteria for improving yield.  

 Keeping all these in views, the present study was planned to assess genetic 

variability, diversity and physiological traits and their association with drought 

tolerance in the local land races of rice under aerobic condition by meeting the 

following objectives 

1. Screening for drought tolerant rice genotypes 

2. Studies on physiological parameters for drought tolerance 

3. Genetic divergence studies among rice genotypes 

4. Correlation and path analysis among root traits and yield attributing 

 characters 
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             Review of Literature 



II REVIEW OF LITERATURE 

Rice is the major staple food crop of the world, cultivated under diverse 

ecologies ranging from irrigated to rainfed, upland to lowland and deep water system. 

The frequent occurrence of abiotic stresses has been identified as the key to low rice 

productivity of rainfed ecosystem. Drought is the most severe abiotic constraint 

reducing production and productivity of rice. So, to feed the growing population and 

to maintain food security there is a need for breeding drought tolerant stable high 

yielding varieties and hybrids of rice with highest water use efficiency. 

The literature relevant to the present research is reviewed and presented under 

the following headings. 

2.1. Screening for drought tolerant rice genotypes 

2.2. Contribution of physiological parameters for drought tolerance 

2.3. Genetic divergence and correlation among rice genotypes 

2.4. Association among root traits and yield attributing characters 

 2.1. Screening for drought tolerant rice genotypes 

Screening of rice germplasm, differentiate among genotypes and helps in 

identifying the tolerant genotypes, degree of yield reduction and the strategy adopted 

by the plant to survive under water stress situation. 

Abd Allah et al. (2010) evaluated 33 local and exotic rice entries under normal 

as well as drought condition. The genotypes viz. Giza 178, Giza 182, GZ5121, GZ 

6296-12-1-2-1-1, GZ 8310-7-3-2-1, GZ 8367-11-8-3-2, GZ 8372-5-3-2-1, GZ 8375-

2-1-2-1, GZ 8450-19-6-5-3, GZ 8452-7-6-5-2, GZ 1368-S-4, Augusto and SIS R215 

were found best entries under drought conditions they possess many desirable traits 

which were useful for drought tolerance in rice. 

Gana (2011) screened 109 rice varieties for drought tolerance and result 

indicated that most varieties had scores between 4-6 that was at susceptible level. Two 

varieties had score of 2 and eight had score of 3. At 28 days of stress Danboto had a 

score of 4 and was better than other varieties. Thirteen entries were selected for both 

drought tolerance and recovery. Danboto a local variety was the best variety with 

drought score of 4 and recovery score of 2. These entries were expected to provide 

higher yields after severe drought than those entries with high susceptibility. 

Mina et al. (2011) studied thirty different genotypes of native, breeded and 

upland cultivars and reported the genotypes Domsephid, Deylamany, Hasansaraei, 

Sadri, Anbarboo and Domsiah had highest sensitivity referring to drought stress and 

produced the lowest grain yield. The genotypes, IR24, Nemat, Sephidroud, Kadoos   
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and Bejar (variety from Iran) and Vandana, upland cultivar (originally from India) 

had the highest tolerance to drought stress and produced the highest grain yield. 

Fangjun et al. (2012) evaluated the responses of eight accessions of Oryza 

rufipogon and one accesstion of O. officinalis by measuring the morphological and 

physiological traits, and reported wild rice accessions showed differential abilities to 

tolerate and recover from the water deficit. The accession of O. officinalis had much 

stronger drought tolerance than all O. rufipogon accessions. Two O. rufipogon 

accessions (Or03, Or08) from Hainan (as a tropical island) had the best performance 

under drought stress, while two other accessions of (Or15, Or33) from Guangdong 

and Jiangxi provinces were sensitive to water deficit and they reported  that then O. 

Rufipogon accessions from tropical area have stronger drought resistance than 

accessions from sub-tropical areas. 

Akram et al. (2013) studied drought stress for three rice cultivars viz., 

Basmati-Super, Shaheen-Basmati and Basmati-385 and they reported the cultivar, 

Shaheen-Basmati exhibited comparatively more tolerance to drought stress at all the 

three growth stages (panicle initiation, anthesis and grain filling stage) under study 

with less reduction in various physiological and agronomic traits. They observed less 

increase in transpiration rate and sterile tillers per hill were observed in Shaheen-

Basmati under drought stress at all the three stages. 

Sumontip and Prapaporn (2013) studied drought tolerance in seven rice 

cultivars, namely KDML 105, IR58821, CT9993, IR62266, IR57514, IR52561 and 

BT. Based on degree of tolerance three groups of cultivars were recognized and 

identified CT9993 rice cultivar as a highly drought-tolerant cultivar. The moderately 

drought-tolerant cultivars included KDML 105, IR58821, IR57514, IR52561 and BT. 

IR62266 cultivar was considered sensitive to drought. 

Kumar et al. (2014) evaluated 75 rice genotypes and selected the genotypes 

with high DTE and STI and low SSI and TOL were identified as drought tolerant 

genotypes. Based on preliminary screening, rice genotypes IR55419-04, IR84895-B-

B-127-CRA-5-1-1, IR83376-B-B-24-2, IR83387-B-B-40-1 and IR83373-B-B-24-3 

showed low SSI and TOL and high DTE and STI values were identified as drought 

tolerant genotypes.  

Mahender et al. (2014) reported significant variation for traits like shoot 

length, root length and tiller number/plant in all the treatments studied and noticed 

fourteen genotypes with higher levels tolerance similar to controls. 

Santosh et al. (2014) conducted a field experiment under reproductive stage 

drought stress condition with the objective to determine the effect of water deficit 

stress on yield and yield attributes of 75 rice genotypes and reported IR 84895-B-B-

127-CRA-5-1-1, IR 83387-B-B-40-1, IR 83376-B-B-24-2, IR55419-04 and IR 83373-
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B-B-24-3 genotypes showed superiority in terms of grain yield, 1000 grain weight, 

total plant biomass, RWC, leaf area index and proline content. 

Santosh et al. (2015) conducted a field screening of twelve rice genotypes 

under drought stress and irrigated non-stress condition. Reported significant yield 

decline in almost in all rice genotypes grown under water stress condition compared 

to irrigated situation. Out of these twelve rice genotypes, IR88964-24-2-1-4, 

IR88966-43-1-1-4 and IR8896-11-2-2-3 showed superior in terms of grain yield and 

yield attributes. 

2.2. Contribution of physiological parameters for drought tolerance 

In response to drought, rice plants adopt few morphological, physiological and 

metabolic traits alteration. Understanding these mechanisms that enable plant to adapt 

to drought and maintain growth and productivity during stress condition will help in 

screening and selection of tolerant genotypes and using these traits in breeding 

programme (Zaharieva et al., 2001). 

 Manickavelu et al.(2006) conducted  variability studies in rice and showed the 

traits viz., days to 70 per cent  relative water content, leaf rolling, leaf drying, harvest 

index, biomass yield and grain yield offer high scope for improvement for drought 

tolerance by way of simple selection technique. 

Suriyan cha-um et al.(2010) studied four indica rice varieties and reported, 

reduced relative water content under reduced soil water content and increased proline 

content in leaf sheath  in  PT1 and IR20 genotypes. Panicle length and fertile grains in 

KDML105 and NSG19 were stabilized, leading to greater productivity than in PT1 

and IR20. From the results, KDML105 and NSG19 were identified as water deficit-

tolerant, PT1 and IR20 as water deficit-susceptible genotypes. 

Fangjun et al. (2012) evaluated eight wild rice accessions and reported that, 

accession Or08 had decreased leaf water potential and increased proline content when 

compared to other accessions. There was larger leaf chlorophyll content increase in 

Oo01, Or08and Or34than in the others. After drought stress for 20 days, four 

accessions (Or06, Or15, and Or33and Or34) had rolled leaves while this symptom 

starts to appear in plants of Or01and Or05. There wasn’t any typical leaf rolling in 

other wildrice accessions. 

Kuixian et al. (2012) reported 78and 8 per cent reduction in osmotic potential 

of leaves in drought susceptible rice cultivar Zhenshan97B and tolerant rice cultivar 

IRAT109, respectively, extensive deeper root growth was observed in IRAT109.  

Luis et al. (2012) reported that tolerant genotypes accumulated higher amount 

of Proline and kept higher RWC and the photosynthetic rate reduction was higher 

than in susceptible genotype under stressed conditions. 
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Roel et al. (2012) studied rice genotypes CT9993 (upland japonica) and 

IR62266 (lowland indica) which were grown in greenhouse and subjected to 

continuously waterlogged (CWL) and transient waterlogged-to-droughted (W-D) 

conditions with different soil moisture contents (SMC). Under waterlogged-to-

droughted, CT9993 had progressive reductions in shoot biomass with decreasing 

SMC down to 20 per cent, before it further reduced to 5 per cent SMC. In contrast, 

IR62266 had progressive reductions in shoot biomass with decreasing SMC down to 

15%. Furthermore, CT9993 also maintained stomatal conductance and transpiration, 

unlike IR62266, during the progressive drying. On the other hand, photosynthesis 

increased in IR62266 unlike in CT9993, which was maintained, thereby improving its 

water use efficiency under W-D down to 5 per cent SMC. 

Akram et al.(2013) studied three rice cultivars Basmati-Super, Shaheen-

Basmati and Basmati-385 and reported the growth stage panicle initiation was the 

most sensitive one exhibiting more adverse effects on all the physiological and 

agronomic parameters under study., photosynthetic rate, RWC and stomatal 

conductance showed strong and positive correlation with WUE whereas, transpiration 

rate expressed negative correlation with WUE. Similarly, all the physiological and 

yield component traits except transpiration rate and number of sterile grains per 

panicle reported strong and positive correlation with paddy yield. 

Jabasingh and Saravana Babu (2013) reported increased proline level in the 

rice leaves in response to water stress. Among all different type of soil proportions, 

proline content was least in red soil + clay and gradually increased in other types of 

soil proportions and higher in red soil + sand soil and noticedincreased proline in the 

stressed plants to adapt and overcome the water stress conditions. 

Sumontip and Prapaporn (2013) studied seven rice cultivars, severe drought 

stress resulted in significant differences in the relative leaf water content (RLWC) 

among the cultivars and observed RLWC reduction to 92.9, 92.3 and 86.1 per cent in 

CT9993, BT andIR62266 respectively. During the night- time, no significant 

differences in the RLWC were observed among all the cultivars under normal 

conditions with values ranging from 99.7 to99.9%. Significant differences in the 

RLWC was noticed under severe drought stress conditions. KDML 105, IR62266 and 

IR52561 accumulated a large amount of proline compared with the normal level of 

proline found in CT9993 and BT, resulting in no significant differences among the 

cultivars. 

Kumar et al. (2014) reported significant yield reduction under drought stress 

in majority of the rice genotypes studied. Drought stress at reproductive stage caused 

reduction in grain yield (55.31%), leaf area (34.87%), number of spikelet (15.9%), 

spikelet fertility (17.13%), plant height (8.87%), relative water content (31.57 %) and 

harvest index (29.2%), while increase in sterility percentage (51.5%) and proline 
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content (55.9%). The variation in SSI values ranged from 0.39 – 1.34, DTE from 

26.10 to78.54 per cent, STI ranged from 0.22 to 0.74 and TOL varied from 0.91 to 

3.54. 

Lum et al. (2014) studied eight rice genotypes under different drought levels 

at germination and early seedling growth and observed, Pulot Wangi tolerated PEG at 

the highest drought level (-8 bar) and showed no significantly difference relation to 

control. Noticed, drought-sensitive variety, Kusam markedly affected even at the 

lowest drought level used. Reported, the activity of antioxidant enzymes catalase, 

peroxidase and superoxide dismutase in the drought-tolerant varieties increased 

markedly during drought stress, while decreased by drought stress in the drought 

sensitive variety. Concluded that the activities of antioxidant enzymes and proline 

accumulation were associated with the dry mass production and consequently with the 

drought tolerance of the upland rice varieties. 

Mahender et al.(2014) reported among the physiological traits, high relative 

water content (> 75 %) under severe drought stress was observed in ten rice genotypes 

while ten genotypes recorded higher levels of proline accumulation under stress. From 

the pooled data they concluded that eight genotypes and control CR-143-2-2 possess 

high levels of tolerance to drought stress. 

Maisura Mohamed et al .(2014) reported that drought stress leads todecrease 

in grain yield per hill, chlorophyll a content and chlorophyll a/b ratio, and an 

increment of proline and total sugar accumulation. Tolerant varieties (Ciherang, Way 

Apo Buru and Jatiluhur) accumulated proline over a longer time and increased 

accumulation of total sugar at the stage of pre anthesis. Jatiluhur varieties showed less 

reduction in grain yield under drought stress (40.7%) than other varities 

Phung (2014) studied physiological responses of rice to drought and reported 

morphological responses as leaf rolling and drying after exposure to water deficit. 

Together with the loss of water relation (relative water content and shoot water 

potential), reactive oxygen species (H2O2 and malondialdehyde level) accumulated in 

the leaves of rice seedlings which led to apparent reduction in photosynthetic 

efficiency but only slight reduction of chlorophyll content. 

Santosh et al. (2014) reported  reduction in relative water content (31.57%), 

membrane stability index (25.80%), grain yield (55.31%), number of effective tillers 

(37.70%), plant bio-mass (23.65 %) and increase in grain sterility (51.5%) and proline 

content (55.9%) in rice genotypes. 

Santosh et al. (2015) reported significant variation among genotypes for leaf 

rolling, leaf drying, stress recovery and relative water content under drought stress 

conditions. The tolerant lines maintained high leaf water status, membrane stability 

and plant biomass under reproductive stage drought condition. Based on yield and 
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yield attributes results under drought and irrigated condition, rice genotypes IR88964-

24-2-1-4, IR88966-43-1-1-4 and IR88964-11-2-2-3 were identified as drought 

resistant. 

2.3. Divergence and correlation among rice genotypes 

The nature and degree of genetic divergence information would help the plant 

breeder in choosing the right parents for breeding program. 

Islam et al. (2004) studied diversity in 62 rice genotypes using Mahalanobis 

D2 – statistics and reported that the genotypes were grouped into five clusters. The 

cluster II and IV contained the highest number of genotypes (16) and the cluster I 

contained the lowest (7). The highest intra cluster distance was noticed for cluster I 

and the lowest for cluster III. The highest inter cluster distance was observed between 

cluster I and cluster IV followed by cluster I and cluster V, cluster I and cluster III, 

cluster III and cluster IV and lowest between cluster IV and cluster V. The highest 

cluster means for yield and other three yield attributing characters were obtained from 

cluster I, six highest and two second highest means for yield attributing characters 

were found in cluster III, and concluded that more emphasis should be given on 

cluster I for selecting genotypes as parents for crossing with the genotypes of cluster 

III, which may produce new recombinants with desired traits. 

Manickavelu et al.(2006) conducted correlation and path analysis and 

indicated that, to get high yielding combined with drought tolerance emphasis should 

give selection pressure on relative water content, panicle length, grains per panicle, 

harvest index, biomass yield, root/shoot ratio and root length and low scores of leaf 

rolling, leaf drying and drought recovery rate. 

Mostajeran and Rahimi-Eichi (2009) reported that Zayandeh-Rood cultivar 

which originated from local cultivars, had higher ability in solute accumulation i.e 

proline and total carbohydrates than the other new lines. Due to correlation between 

drought tolerance of Zayandeh-Rood and solute accumulation, suggested the solute 

accumulation was one of the mechanisms for drought tolerance in rice.  

Mina et al. (2011) studied thirty different genotypes of native, breeded and 

upland cultivars and reported that analysis of variance showed significant differences 

among genotypes in respect of all vegetative and morphological traits. Genotypes 

were divided into three groups by cluster analysis based on all studied traits with 

minimum variance method (Ward’s Method) and noticed significant differences 

among groups in respect of all morphological and physiological characteristics. 

Chanbeni et al. (2012) studied 70 rice genotypes using Mahalanobis D2 – 

statistics by considering 13 quantitative characters.MahalanobisD2 analysis revealed 

considerable amount of diversity and the genotypes were grouped into nine clusters. 

Cluster I and cluster III constituted maximum number of genotypes (12 each). The 
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genotypes falling in cluster VII (2907) had the maximum divergence followed by 

cluster V (2027) and cluster I (1762). The inter cluster distance was maximum 

between cluster VI and VII (18054) followed by cluster III and IX (12520), 

suggesting that the genotypes constituted in these clusters may be used as parents for 

future hybridization programme. Traits like spikelets per panicle; plant height and 

biological yield were the major contributors to genetic divergence. 

Luis et al. (2012) reported significant correlation among proline content with 

photosynthetic rate and stomatal conductance. 

Uday (2013) studied sixty four rice land races and using Mahalanobis D2 

statistics, grouped genotypes into eight and twelve in control and ten and thirteen 

clusters in low-moisture stress under field and PVC pipes respectively. Wide genetic 

variability was indicated by the intra and inter cluster distances. Based on cluster 

means, cluster VI and IV in control and cluster II and XII in low-moisture stresses 

ranked first under both field and pipes respectively. 

Aishwarya et al. (2014) studied forty one rice genotypes and reported 

significant differences among the genotypes for all the characters studied. The forty-

one genotypes were grouped into seven heterogeneous clusters. Among these clusters, 

Cluster I had maximum number of genotypes (9). On the basis of mean performance 

genotypes CR 264-26-1-2-2 and RP 5213-69-13-3-4-1-2-B were found to be the best 

genotypes in Allahabad agro-climatic conditions. The characters such as grain yield, 

harvest index, number of panicles per plant and biological yield per plant should be 

given top priority for effective selection.  

Bhadra and Roy (2014) estimated genetic diversity in 40 rice genotypes under 

aluminium toxic environment using Mahalanobis D2 statistics. The genotypes were 

grouped into five clusters. The relative divergence of each cluster from other clusters 

displayed higher order of divergence between cluster IV and V (D=34.292) followed 

by clusters III and IV (D=31.029), clusters II and V (D=30.829), and clusters I and V 

(D=28.858). Highly divergent genotypes deem to produce wide variability that may 

help further selection for genetic improvement. 

Manjappa et al. (2014) studied 250 F2 genotypes derived from 

Moroberekan/IR64, japonica/indica rice cross and reported high PCV than GCV for 

all the characters except for culm angle indicating the influence of environment on the 

characters. High heritability coupled with high GAM was observed for grain yield 

traits; grain yield per plant, biomass yield per plant, harvest index, productive tillers 

per plant and drought traits; leaf rolling (LR), spikelet fertility, panicle exsertion and 

plant vigor (PV) and hence offered good scope for selection. F 2 population has 

recovered maximum superior transgressive segregants for PV (73.2%), followed by 

(65.5%), panicle length (49.8%) and test weight (49.8%). 
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Muhammad et al. (2014) assessed twenty rice lines and the mean value of the 

root shoot traits of each genotype was analyzed at different levels of significance. The 

highest correlation was found between root length, shoot length(r = 0.856, r = 0.896) 

and shoot length and root number (r = 0.825, r = 0.818) in stress and normal condition 

respectively. 

Ramanjaneyulu et al.(2014) evaluated low land rice genotypes and noticed 

significant and positive correlation of grain yield with number of tillers/plant (1.11), 

number of productive tillers/plant (0.99), number of grains/spikelet (0.84) and spikelet 

length (0.59), indicating that grain yield and these traits have the same physiological 

basis for expression. The genotypes were grouped into 4 clusters indicated the 

existence of a significant amount of variability. The maximum intra-cluster distance 

(D: 0.773) was observed in cluster III. The yield attribute 1000-grain weight exhibited 

the maximum contribution to total genetic divergence (57.78%), followed by grain 

yield (15.56%), number of grains/spikelet (11.11%), straw yield (6.67%) and spikelet 

length (4.44%). 

Ranawake and Hewage (2014) tested thirty four traditional rice genotypes for 

drought tolerance and obtained 53 percent seedling survivability and Pearson’s 

correlation analysis showed 0.9256 of positive correlation in survival rates of drought. 

Santosh Kumar et al. (2014) reported significant and positive correlations 

between yield and physiological attributes like proline content, leaf area index, 

relative water content and plant biomass under drought stress condition and concluded 

that the physiological traits have direct or indirect effect on yield performance of rice 

genotypes under water stressed environment at reproductive stage. 

Pham et al.(2015) analyzed forty four rice genotypes for drought tolerance and 

reported that, The drought tolerance at seeding stage (DTS) was significantly 

proportional to drought tolerance at vegetative stage (DTV) (r = 0.60). In addition, 

DTS and DTV had strong significant positive correlation to leaf roll (r = 0.87 and 

0.54, respectively). Means of unfilled grains and tilling per panicle were 

proportionally correlated to DTS (r = 0.22 and 0.25, respectively), and DTV (r = 0.20 

and 0.36, respectively). Weight of 1000 grains and filled grains were recorded no 

correlation to DTS and DTV. At a homologous coefficient of 16.85 integrated from 

cluster analysis of agro-morphological, quantitative characteristics and drought 

tolerant scores, the rice cultivars were divided into five groups.  

Tuhina-Khatun et al. (2015) evaluated forty three rice genotypes and reported 

that all genotypes exhibited a wide and significant variation for 22 traits. Cluster 

analysis based on 22 traits grouped the 43 rice genotypes into five clusters. Cluster II 

was the largest and consisted of 20 genotypes mostly originating from the Philippines 

and suggested best traits for selection were number of filled grains/panicle and 
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yields/plant (g), which showed high heritability and high genetic advance and 

concluded that the traits used as a selection criterion for hybridization programmes. 

Guimaraes et al.(2016) evaluated forty one genotypes for drought tolerance 

and  multivariate analysis, The genotypes with and without water stress were 

classified into six and seven clusters, respectively, based on the average yield in the 

two years of experimentation. The most productive cluster under water stress 

comprised the genotypes AB062041, Douradao, Guarani, BRS Aimore and Tangara. 

Islam et al. (2016) studied 113 aromatic and fine local rice genotypes. The test 

genotypes were evaluated for 19 growth traits and yield components. All the 

quantitative traits varied significantly among the test genotypes. Grain yield was 

significantly and positively correlated with days to flowering, days to maturity, 

panicle length, filled grains per panicle and 1000 grain weight. According to 𝐷2cluster 

analysis, 113 test genotypes formed 10 clusters and concluded that Selection of 

parents from the clusters V and X followed by hybridization would possibly result in 

desirable heterosis for the development of heterotic rice hybrids. 

Ha et al. (2016) conducted path analysis and noticed number of 

panicles/clusters had the highest and a direct positive effect on the grain yield, 

followed by the number of filled-grain/panicle, and the harvest index compared to 

other component traits. These traits could be used as selection criteria for high yield 

and drought tolerance in populations of rice genotypes. 

Sridhar et al. (2016) studied sixty four traditional rice cultivars and reported 

fourteen clusters based on D2 statistics. Of which cluster I (44) had more number of 

cultivars followed by cluster III (8) and remaining were solitary. Maximum inter 

cluster D2distance was observed between cluster X and XIV (2056.50) inferring, 

crosses between these two clusters could exploit maximum heterosis. Whereas, 

maximum intra cluster distance was observed in cluster III (225.63) indicating, 

hybridization involving genotypes within the same cluster may result in good cross 

combinations. Days to maturity contributed maximum (36.41%) towards divergence, 

followed by straw yield per plant (19.54%). Genotypes such as Sannamundaga, 

Kaasebai and Champakali which are genetically variable and high yielders over local 

check varieties could be utilized in crop improvement  programme for enhancement 

both qualitative and quantitative traits. Plant height (0.1977) and test weight (0.2559) 

showed positive and significant correlation with grain yield at phenotypic level. 

Phenotypic path coefficient analysis had revealed the highest positive and direct effect 

of days to maturity (0.5107) followed by harvest index (0.3110) on grain yield. So, 

selection based on these traits could help to bring simultaneous improvement of yield 

and its components. 

 

Navya, G. T. , M.Sc,(Agri.), 2017      11 

 



Thippeswamy et al.(2016) assessed fifty five rice genotypes for association 

analysis and noticed positive and high correlation between yield and days to 

flowering, effective bearing tillers per plant, plant height and panicle length. All 

genotypes were grouped into five clusters, Cluster I had highest number of genotypes 

(42), followed by Cluster II (9), Cluster III (2) and two mono-genotypic clusters 

(cluster IV and V).Cluster III had two maintainers of different grain types and its 

genetic distance with other clusters, indicates possibility of development of heterotic 

hybrids by using restorers of cluster II and IV. Highest genetic distance was observed 

between mono-genotypic (JGL11470) cluster V and two genotypic cluster III (JMS2 

and CMS23B). Genotypes selected from these clusters may be used for development 

of maintainer lines with medium slender grain type. 

2.4. Association among root traits and yield attributing characters 

Genetic correlation among root traits and yield attributing traits provide the 

information on extent and direction of association of plant traits under drought stress 

condition. 

Kanbar et al. (2002) reported significant positive correlation between plant 

height and root charecters. Maximum root length, number of roots, root volume, root 

dry weight and number of tillers were observed to be interrelated. 

Price et al. (2002) studied 140 recombinant inbred lines and their parents 

Azucena and Bala. All the genotypes were screened for root growth in thin glass-

sided soil filled chambers and reported that Azucena has thicker roots and more roots 

at depth compared to Bala, which slowed shoot growth sooner and became less water-

stressed than Azucena. Azucena has root traits that potentially contribute to drought 

resistance while Bala has a number of shoot related mechanisms that makes it adapt to 

drought environment. 

Dwivedi (2007) reported that high yielding varietie including IR20, 

Narendra118, Narendra 359 etc. have smallest roots while Kalkari, Blackgora and 

N22 had the longest root. The genotype Moreberekan had extremely long and thick 

root. 

Kanbar et al. (2009) based on canonical correlation studies conducted under 

contrasting moisture regimes, suggested that maximum root length, ratio of root to 

shoot by weight and length and root dry weight conferred an advantage to grain yield 

under stress.  

Roel et al. (2009) studied a line CSSL47 selected from Nipponbare (Japonica 

type) and reported that CSSL47 showed greater shoot dry matter production than 

Nipponb are under transient waterlogged-to-drought (W–D) conditions. This was due 

to CSSL47’s greater root system development through more initiation of L type 
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lateral roots that effectively maintained soil water uptake. This in turn sustained 

higher stomatal conductance, transpiration and photosynthesis. 

Ganapathy et al. (2010) evaluate genetic potentiality of eight lines  and five 

testers along with 40 hybrids of rice were evaluated under PVC pipes for root traits 

and Observations were recorded on seven important root traits viz., root length, root 

volume, root length density, total number of roots, root thickness, root dry weight and 

root: shoot ratio. Five genotypes viz., Norungan, CT 9993, Moroberekan, Nootripathu 

and MDU 5 showed significantly superior mean values than grand mean for most of 

the root traits. Therefore, these genotypes were used as potential donors in drought 

resistance breeding programme. Among the hybrids, CT 9993 / ASD 18, 

Moroberekan / ASD 16, CT 9993 / IR 50, Moroberekan / Co 47, Noungan / ASD 16, 

Nootripathu / MDU and Nootripathu / CO47 were identified as outstanding ones for 

improving drought tolerance as they registered significant higher mean value for 

majority of the root traits. 

Sedeek et al. (2010) Studied variation for root morphology in four upland rice 

accessions originated from Cote de Ivoire (IRAT112, IRAT170, WAB450-I-B-P-105-

HB and Yun Len62) compared with three Egyptian rice varieties (Giza177, Sakha101 

and GZ7456-13-6-5-3) and Significant variation was observed in most of the 

investigated root traits such as root length, root volume, root thickness and root dry 

weight among the upland rice accessions and Egyptian rice varieties. 

Mana Kano-Nakata et al. (2011) reported that, there was no significant 

difference among the genotypes in shoot growth and root development, while 

CSSL45 and CSSL50 showed greater shoot dry weight than Nipponbare under water 

deficit conditions. This was due to their abilities to promote root system development 

as compared with Nipponbare, which facilitated greater water extraction than 

Nipponbare. 

Amelia et al. (2012) reported that drought-resistant genotypes had the lowest 

night-time bleeding rates of sap from the root system in the field. Diurnal fluctuation 

predominated as the strongest source of variation for bleeding rates in the field and 

root hydraulic conductivity in the greenhouse and was related to expression trends of 

various PIP and TIP aquaporins. Root anatomy was generally more responsive to 

drought treatments in drought treatments in drought-resistant genotypes. 

Fangjun et al. (2012) reported six O. rufipogon accessions (Or01, Or03, Or05, 

Or06, Or08and Or15) had maximum root length (depth) of≥80cm under CK or 

drought condition, i.e. the root system reached the bottom of the PVC tubes. O. 

officinalis accession (Oo01) had root length of 50cm under CK and 80cm under 

drought stress. The remaining two accessions (Or33and Or34) had the root lengths 

from 70cm under CK to about 80cm under drought stress. Therefore, there was about 
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50% increase of root length (depth) after drought treatment in Oo01, less than 15% in 

Or33 and Or34, and little in other accessions. The maximum root length was 

significantly high in Oo01, Or03, Or06 and Or08; moderate in Or01, Or05 and Or34, 

and low in Or15 and Or33 under drought stress. Root dry weight and root volume had 

similar patterns of variance. 

Roel et al. (2012) studied two rice genotypes CT9993 (upland Japonica) and 

IR62266 (lowland Indica) and reported that both genotypes showed similar pattern of 

root growth under waterlogged-to-drought condition CT9993 had higher ability than 

IR62266 for plastic root growth at deeper soil layers , where soil moisture tended to 

be higher during progressive drought. 

Zulqamain et al., (2013) reported that genotypes responded differently under 

same level of stress. Results revealed that as a response to drought, all the genotypes 

showed 42 per cent average increase in seedling root length, 39 per cent average 

decrease in seedling shoot length. They concluded that seedling root-to- shoot length 

ratio followed by seedling root length contributes majorly in yield per plant under 

drought stress. 
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          Material and Methods 
 



III MATERIAL AND METHODS 

The details of the materials used and methodology followed in the present 

investigation has been presented under following subheadings. 

3.1 Experiment I: Phenotypic evaluation of local land races of rice in field under 

control and drought stress aerobic condition 

3.1.1 Experimental material and site 

 The present study was conducted during summer 2016 at College of 

Agriculture, University of Agricultural and Horticultural Sciences, Shivamogga in the 

field experiment plots of department of Genetics and Plant Breeding. The 

experimental material consisting of 46 local land races of rice and three checks 

Anagha (resistant check), Jyothi (susceptible check) and Poustic 9. Genotypes 

included in the study are mentioned in appendix I. 

3.1.2 Experimental methods 

3.1.3 Experimental layout 

 The experiment was laid out in Randomized Complete Block Design (RCBD) 

with two replications under control and water stress condition. The normal package of 

practices of aerobic rice cultivation was followed except for irrigation schedule, 

Moisture stress was imposed 30 days after sowing by withholding irrigation and only 

lifesaving  flash irrigation was given when plants showed wilting symptoms, whereas 

in control condition  regular irrigation was given without creation of any stress. The 

spacing maintained was 20cm between rows and 10cm between plants within a row. 

3.1.4 Methods of sampling and observations recorded 

Observations were recorded on five randomly selected plants from each line 

on 15 metric characters. The average of observations recorded on these five plants 

was considered for statistical analysis. The characters on which observations were 

recorded are described below. 

3.1.4.1 Days to 50 per cent flowering 

The number of days taken by each genotype from sowing to 50 per cent plant 

flowering was observed and recorded. 

3.1.4.2 Days to maturity 

The total number of days taken by each genotype from sowing to 

physiological maturity was observed and recorded. 

3.1.4.3 Total number of tillers per plant 

Both productive and non-productive tillers per hill were counted and recorded. 
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3.1.4.4 Number of productive tillers per plant 

The number of tillers bearing panicle per hill were counted and recorded. 

3.1.4.5 Number of spikelets per panicle 

Number of spikelets per panicle was counted both filled and chaffy seeds in 

five panicles from each plant were recorded as average. 

3.1.4.6 Number of seeds per panicle 

Number of filled grains per panicle in five panicles from each plant was 

recorded as average. 

3.1.4.7 Panicle length (cm) 

Length of panicle from the base of panicle to the tip of panicle was measured 

and recorded in centimeters. 

3.1.4.8 Plant height (cm) 

Plant height at maturity from the base of the plant to the tip of the panicle was 

measured and recorded in centimeters. 

3.1.4.9 Yield per plant (g) 

The total grain weight per plant was recorded in grams. 

3.1.4.10 Seed filling percent  

Seed filling percent was calculated by counting spikelets per panicle and filled 

grains and convert into per cent. 

3.1.4.11 Test weight (g) 

Weight of thousand randomly selected seeds weight was measured and 

recorded in grams. 

3.1.4.12 Chlorophyll content 

Chlorophyll content was measured using SPAD chlorophyll meter (KONICA 

MINOLTA, SPAD 502 PLUS, Version: 1.20.0000) in random five leaves of each 

genotype at flowering stage and readings were recorded. 

3.1.4.13 Relative water content (%) 

Relative water content was recorded after 30 days of withholding the irrigation 

in water stress condition and also in the control condition. leaf sample was collected 

and its fresh weight was recorded then leaf sample was immersed in water over night 

and added maximum water to it then the next day turgid weight was recorded and 

leaves were kept for drying in hot air oven then dry weight was recorded in grams and 

relative water content was calculated using the formula given by (Weatherley. 1950). 
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Relative water content (%) =
Fresh weight − Dry  weight

Turgid weight − Dry  weight
× 100 

3.1.4.14 Leaf rolling scores 

The plants were scored for leaf rolling, 30 days after induction of water stress 

using 0-9 standard evaluation system of rice which is given below. Leaf rolling score 

description (Gana. 2011). 

Scale 
Description 

0 

1 

3 

5 

7 

9 

Leaves healthy. 

Leaves starts to fold. 

Leaves folding (V- shaped) 

Leaves fully cupped (U- shaped) 

Leaves margins touching (O- shaped) 

Leaves tightly rolled. 

3.1.4.15 Proline estimation ( mole /g FW)                      

Proline was estimated in leaves of plants subjected to water stress and control 

conditionusing Bates et al. (1973) method. 0.5 g of leaf sample was collected and 

homogenized with 10ml 3 percent aqueous Sulpho-salicilic acid in pestle and morter 

then filtered. Filtrate volume was made up to 25ml then 2ml was pipetted out into test 

tubes. 2ml of filtrate was reacted with 2ml acid ninhydrin and 2ml of glacial acetic 

acid for one hour at 1000C, and the reaction terminated in an ice bath. The reaction 

mixture was extracted with 4ml toluene, mixed vigorously with a test tube stirrer for 

15-20 sec. the chromophore containing tolune was aspirated from the aqueous phase, 

warmed to room temperature and the obserbance read at 520nm in a 

spectrophotometer. The proline concentration was determined from a standard curve 

and calculated on a fresh weight basis as follows: 

Proline (μmole/g FW)  =  
(μg proline/ml × ml toluene)/115.5μg/ mole

                       g sample                                                       
 

3.2 Experiment II: Root studies in local land races of rice using PVC pipes under 

drought stress and control condition 

3.2.1. Experimental material and site 

 The present study was conducted during Rabi 2016-17 using the same 49 rice 

land races including checks in PVC pipes at Department of Genetics and Plant 

Breeding, College of Agriculture, UAHS, Shivamogga. 

3.2.2 Experimental layout 

 The experiment was laid out incompletely Randomized Design (CRD). PVC 

pipes of 100 cm length and 20 cm diameter were used. The pipes were filled with a 
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mixture of red soil and FYM. Seeds were directly sown in the pipes. After 30 days 

irrigation was withheld to create water stress whereas, for control regular irrigation 

was given without creating stress. 

3.2.3 Recording of observations 

 At the time of flowering, the pipes were carefully removed and immersed in 

water for few hours to loosen the soil then washed with a jet of water. Then the plants 

were carefully removed and washed with water without damaging the roots then 

plants were kept in bucket containing water for recording observations. 

The following observations on root characteristics were recorded on sample 

plants of each genotype. 

3.2.3.1 Plant height (cm) 

Plant height was measured from base of the plant to tip of the boot leaf and 

recorded in centimeters. 

3.2.3.2 Maximum root length (cm) 

Root length was measured from collar region to the tip of the longest root and 

recorded in centimeters. 

3.2.3.3 Root volume (ml) 

Root volume was measured in ml by water displacement method. 

3.2.3.4 Root to shoot ratio 

Root to shoot ratio was calculated by dividing root length by shoot length.  

3.3 Statistical analysis 

3.3.1. Analysis of variance (ANOVA) 

The data of mean value for all the characters were analyzed for the variance 

following randomized block design. Analysis was done by using WINDOSTAT 

software. 

Source of 

variation 

Degree of 

freedom 

Sum of 

squares 

Mean sum of 

squares 

Variance 

ratio/ F- Value 

Replication (r-1) SSR MSR  

Treatments (t-1) SST MST MST/MSE 

Error (r-1) (t-1) SSE MSE  

Total (rt-1) TSS   

 

Where,  

r = number of replications                                                                                                      

t = number of treatments 

Studies on genetic diversity for drought tolerance in local land races of rice Under aerobic condition  18 

 



The significance was tested using Fisher (1936) table. And Standard error of 

mean (SEm), critical difference (CD) and coefficient of variation (CV) were 

calculated using standard formulae comparing means of the genotypes. 

CV =
SD

Mean
× 100 

                                                      CD = SEm × t∝ at 5% 

3.3.2. Estimation of genetic parameters 

Genotypic and phenotypic variance were estimated using the formula, 

Genotypic variance(σg 
2 ) =

MSS (genotype) − MSS(error)

Number of replications           
 

Phenotypic variance(σp
2) = (σg 

2 ) +  MSS(error) 

3.3.3. Coefficient of variability 

The coefficient of variability was calculated at phenotypic and genotypic 

levels for all the characters by using the formulae given by Burton and De Vane 

(1953). 

Phenotypic coefficient of variation (PCV) 

PCV =
𝜎𝑝

X
 X 100 

Genotypic coefficient of variation (GCV)                                                                               

𝐺𝐶𝑉 =
g

X
  × 100  

Where, X = grand mean of the character 

p = phenotypic standard deviation 

g = genotypic standard deviation 

3.3.4. Broad sense heritability (h2) 

 Formula given by Lush (1945) was used to calculate broad sense heritability. 

h2 =
σg

2

σp
2

× 100 

Where, 

h2= heritability (broad sense)     

σg
2 = Genotypic variance       

σp
2 = Phenotypic variance 

Heritability was classified as low (0 – 30%), moderate (30.1 – 60%) and high (> 60%) 

as given by Robinson and Comstock (1949). 
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3.3.5. Genetic advance (GA) 

3.3.5.1 Predicted Genetic Advance 

 Predicted genetic advance was calculated using the formula given by Johnson 

et al. (1995) 

GA = h2. K. σP 

Where,  h2 = Heritability 

  K = Selection differential at given intensity 

  σP = Phenotypic standard deviation 

3.2.5.2. Genetic advance as percent mean (GAM) 

 The genetic advance as percent mean was calculated using the formula given 

below. 

GAM =  
GA

X
 × 100 

Where, 

 GA = Genetic advance 

 X = General mean 

 The genetic advance as percent of mean was classified as suggested by 

Johnson et al. (1955) as low (0 – 10%), moderate (10.1 – 20%) and high (>20%). 

3.3.6. Correlation coefficients 

 To study the degree of association of characters with yield and yield 

attributing characters correlation coefficient was calculated. 

 Genotypic and phenotypic coefficient of correlation between yield attributing 

traits, physiological traits and root characteristics was calculated by using variance 

and covariance components as suggested by Jibouri (1958). The analysis was done by 

using the WINDOSTAT software. 

𝑟𝑔(𝑥,𝑦) =
𝐶𝑜𝑣𝑔(𝑥,𝑦)

√𝜎𝑔𝑥
2 . 𝜎𝑔𝑦

2
 

𝑟𝑝(𝑥,𝑦) =
𝐶𝑜𝑣𝑝(𝑥,𝑦)

√𝜎𝑝𝑥
2 . 𝜎𝑝𝑦

2
 

  

Studies on genetic diversity for drought tolerance in local land races of rice Under aerobic condition  20 

 



Where, 

rp and rg are phenotypic and genotypic correlations, respectively.                         

Covp(x,y) and Covg(x,y) are phenotypic and genotypic covariance between the 

characters, x and 

y.σpx
2  and  σpy 

2 are the phenotypic variances of the characters x and y. 

σgx
2 and  σgy 

2 are the genotypic variances of the characters x and y. 

The calculated value of r was compared with table r value with (n-2) degree of 

freedom at 5 and 1 percent of significance. 

3.3.7. Path coefficient analysis 

 To study the direct or indirect effect of yield attributing traits to yield was 

calculated using correlation coefficients as given by Wright (1921). Analysis was 

done using WINDOSTAT software (Version 9.2). 

P01 + P02 r12 +……………P0p r1p = r01 

P01 r21 +P02 r22 ……………P0p r2p = r02 

P0p r1p +P0p r2p ……………P0p = r0p 

Where, 

P01, P02, P0p are the direct path coefficients of variables 1, 2, 3…….p on the dependent 

variable 0.r12, r13………pr1p……rr(p – 1) are the possible correlation coefficients between 

various independent variables and r01, r02….r0p are the correlations between dependent 

and independent variables. The indirect effects of the ith variable via jth variable were 

obtained p0j X rij. 

 The contribution of the remaining unknown factors was measured as the 

residual factor and calculated as, 

P2
0x = 1 – (P2

01 + 2P01P02r12 + 2 P0P03r13 + …..+P2
02 + 2P02P03r13 +…….+P2

0p) 

Residual factor (R2) = √P0x
2  

The direct and indirect effects are rated as given below following the 

method of Lenka and Mishra (1973). 

0.00 – 0.09 : Negligible  0.10 – 0.19 : Low      

0.20 - 0.29  : Moderate   0.30 – 0.99  : High   

    > 1.00: Very high 

3.3.8. Genetic diversity 

Genetic diversity between the populations was assessed using Mahalanobis’ 

(1936) D2 statistics using WINDOSTAT software (Version 9.2). The distance 

between the two clusters was calculated using the formula, 

Navya, G. T. , M.Sc,(Agri.), 2017      21 

 



D2 = ijaiaj. 

Where, 

D2 = square of generalized distance 

ij= reciprocal of the common dispersal matrix 

ai= (i1 -i2) 

aj= (j1 -j2) 

 = general mean 

Since, the formula for computation requires inversion of higher order 

determinant, transformation of the original correlated unstandardized character mean 

(Xs) to standardized uncorrelated variable (Ys) was done to simplify the 

computational procedure. The D2 values were obtained as the corresponding 

uncorrelated (Ys) values of any two uncorrelated genotypes (Rao, 1952) 

3.3.8.2. Clustering of D2 values 

 All the (n-1)/2 D2 values were clustered using Tocher’s method as described 

by Rao (1952). 

Intra cluster distance: 

 The intra cluster distances were calculated by the formula given by Singh and 

Chaudhary (1977). 

Square of intra cluster distance =  ∑
Di

2

N
 

Where,  

∑ Di
2 was the sum of distance between all possible combinations of the 

entries included in a cluster. 

n = number of all possible combinations.  

Inter cluster distance: 

 The inter cluster distances were calculated by the formula described by Singh 

and Chaudhary (1977). 

Square of inter cluster distance =  ∑
Di

2

ninj
 

Where,  

∑ Di
2 is the sum of distance between all possible combinations of the (ninj) 

number of entries included in a cluster. 

ni = number of lines in cluster i.  

nj = number of lines in cluster j. 
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            Experimental Results 
 

 



IV EXPERIMENTAL RESULTS 

The experimental results are present in this chapter under the following sub 

headings. 

4.1 Genetic variability for yield and yield attributing characters under drought and      

control conditions 

4.2 Correlation and path coefficient analysis among yield and yield attributing 

characters and also with physiological characters 

4.3 Genetic divergence among yield and yield attributing characters 

4.4 Per cent difference for physiological parameters contributing to drought tolerance 

between stress and control condition 

4.1 Genetic variability for yield and yield attributing characters 

 The mean values of the eleven yield attributing characters are given in 

Appendix II. The analysis of variance under drought and control conditions are 

presented in table 1 and table 2 respectively. The analysis of variance are given for 

eleven yield attributing morphological characters were statistically analyzed and 

found to be significant for all the characters under both drought and control 

conditions. 

 The genetic variability parameters viz., mean, range, phenotypic coefficient of 

variation (PCV), genotypic coefficient of variation (GCV), broad sense heritability 

and genetic advance  per cent mean (GAM) for all the traits under drought and control 

condition are presented in Table 3. 

4.1.1 Days to 50 per cent flowering 

The mean for number of variation of 45 days to 50 per cent flowering was 79 

days with a range of 50 to 105 days. The earliest flowering at 50 days was observed in 

line Tonnur and late flowering at 105 days was recorded by Sambamasanna. It 

recorded moderate PCV and GCV values of 13.08 and 12.57 per cent respectively. 

High heritability estimate of 92.3 per cent with expected genetic advance average 

mean of 24.88 per cent were observed for this trait under drought condition. 

The mean number of days to 50 per cent flowering was 94.96 days with a 

range of 77 to 120 days under control condition. The Lalkaderice was the earliest line 

to flower at 77 days and Vijayananded was the late to flower at 120 days. The 

moderate PCV and GCV of 10.15 and 10.06per cent recorded respectively. High 

heritability (98.1%) and high GAM (20.52%) were recorded for this trait. 
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4.1.2 Days to maturity 

 The mean of 111 days with a range of 90 to 135.5 days to maturity was 

recorded in drought condition. The early matured line was Tonnur at 90 days and line 

to mature late was Sambamasanna (135.5 days). The low values of PCV and GCV 

9.26 and 9.07 per cent respectively were recorded. High heritability estimates of             

95.9 per cent with moderate GAM of 18.29 per cent were observed for this trait. 

The mean number of days to maturity was 129.26 days with a range of 110 to 

149 days. The earliest maturity at 110 days was observed in line Lalkade rice and late 

maturing at 149 days was observed in the line Hasudi. The low PCV and GCV values 

of 7.35 and 7.23 per cent recorded respectively. High heritability estimate of 96.7 per 

cent with moderate genetic advance mean of 18.29 per cent were observed for this 

trait under control condition. 

4.1.3 Number of tillers per plant 

 The mean number of tillers recorded under drought was 17.3 with a range of 

10 to 27 tillers per plant. The highest number of tillers per plant was observed in 

Doddiga (27 tillers per plant) and least in Rajamani (10 tillers per plant). High value 

of PCV (28.29%) with moderate GCV (17.79%) was recorded. Moderate heritability 

estimates of 39.50 per cent with high GAM (23.04%) were recorded for this trait. 

The range of 10 to 24 tillers per plant and mean of 14.76 tillers per plant was 

recorded under control condition. The highest number of tillers per plant was 

observed in Navara (24 tillers per plant) and least in JGL 1798(10 tillers per plant). 

The high PCV and GCV of 25.43 and 20.66per cent respectively was recorded. High 

heritability estimates of 66 per cent with high genetic advance mean of 34.59 per cent 

were observed for this trait. 

4.1.4 Number of productive tillers per plant 

The mean number of productive tillers per plant was 11.54 tillers with a range 

of 2.50 to 18.00. The lowest number of productive tillers per plant of 2.50 was 

observed in Sambamasanna and the highest number of productive tillers per plant of 

18 was recorded in Rajakaime. The high PCV (34.02 %) and GCV (32.24 %) along 

with high heritability (89.80 %) with high GAM (62.96%) were recorded for this trait 

under drought condition. 

The number of productive tillers per plant under control condition was ranged 

from 9.50 to 22.50 and a mean of 13.98 tillers. The lowest number of productive 

tillers per plant was observed in Mottaikar (9.5) and highest in Navara and Doddiga 

(22.5). The high PCV (25.13 %) and GCV (20.91 %) with high heritability (69.20 %) 

and high GAM (35.84 %) were recorded for this trait under control condition.  
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4.1.5 Number of spikelets per panicle 

The mean number of spikelets per panicle under drought condition was 80.87 

with a range of 42.00 to 210.00 numbers of spikelets per panicle. The highest number 

of spikelets per panicle of 210.00was observed in the line Anagha and least in 

Baiganmanju 42.00spikelets per panicle. The high genetic variability PCV (35.61 %), 

GCV (34.88 %), heritability (95.9 %) and GAM (70.37 %) were recorded for this 

trait. 

The number of spikelets per panicle was ranged from 71.50 to 245.00 with a 

mean of 107.54. The highest number of spikelets per panicle 245 was observed in the 

line Anagha and least in Ktaru (71.5). The high PCV (29.29 %), GCV (27.92 %) was 

recorded along with high heritability (90.8%) and GAM (54.81 %) were recorded for 

this trait. 

4.1.6 Number of filled grains per panicle 

The mean number of filled grains per panicle was 36.40 grains per panicle 

with a range of 3.00 to 195.00 grains per panicle. The least number of 3 grains per 

panicle was observed in Shashti and highest in Anagha (195.00). The high PCV                

(98.2 %), GCV (97.54 %) heritability (98.6 %) and GAM (199.57 %) were recorded 

for this trait under drought condition. 

The number of filled grains per panicle was ranged from 64.00 to 225.00 with 

a mean of 99.30 grains per panicle. The least number of 64.00 grains per panicle was 

observed in Ktaru and highest in Anagha (225.00). The high PCV (29.29 %), GCV 

(27.92 %) with high heritability (86.20 %) and genetic advance mean (53.41 %) were 

recorded for this trait under control condition. 

4.1.7 Panicle length 

 The panicle length under drought condition ranged from 13.77cm to 22.27 cm 

with mean of 18.99 cm. The highest panicle length of 22.27cm was recorded in 

Sannavaalya and lowest in Moradhi (13.77). The moderate PCV (11.63 %) and low 

GCV (8.56 %) were recorded along with moderate heritability (54.1 %) and moderate 

GAM (12.97 %) was recorded for this trait. 

The mean panicle length under control condition was 22.02 cm with a range of 

17.51cm to 28.83cm. The highest panicle length of 28.83cm was recorded in Akkalu 

and lowest Lalkade rice (17.51). The moderate PCV (12.29) and low GCV (5.98) 

were recorded along with low heritability (23.6 %) GAM (5.99 %) was recorded for 

this trait. 

4.1.8 Plant height 

 The plant height under drought condition ranged from 49.34 cm to 108.95 cm 

and mean of 85.37 cm was observed. The highest plant height was recorded in 
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Gangadace (108.95 cm) and lowest in Poustic-9 (49.34 cm). The moderate PCV 

(15.25 %) and low GCV (8.85 %) were recorded along with moderate heritability 

(33.7 %) and GAM (10.57 %) was recorded for this trait. 

The mean plant height recorded under control was 112.16cm with a range of 

77.5cm to 139.15cm. The highest plant height of 139.15cm was recorded in Tonnur 

and lowest plant height of 77.5 cm in Poustic-9. The moderate PCV (14.29 %) and 

GCV (11.84 %) were recorded with high heritability of 68.7 per cent and GAM of 

20.22 per cent were recorded for this trait. 

4.1.9 Yield per plant 

 The mean yield of 7.03g per plant with a range of 0.45g to 24.75g/plant was 

recorded under drought condition. The highest yield was recorded in Sannavalya 

(24.75 g) and lowest in Shashti (0.45 g). The highest PCV (97.72 %) and GCV                 

(95.99 %) and also high heritability (96.5 %) with GAM (194.25 %) were observed 

for this trait. 

 The 38.37 g mean yield per plant was recorded under control condition with a 

range of 24.62 g/plant to 48.75 g/plant. The highest yield of 48.75 g/plant was 

recoded in Rasakadari and lowest yield of 24.62g/plant in Lalkade rice. The moderate 

PCV (16.03 %) and GCV (13.81 %) with high heritability (74.19 %) and GAM       

(24.51 %) were recorded for this trait. 

4.1.10 Seed filling per cent 

 The observed mean of seed filling per cent of 40.88 with a range of 6.25 to 

92.95 per cent was observed. The highest seed filling per cent of 92.95 was recorded 

in Anagha and lowest was recorded in Shashti (6.25). The high PCV (63.20 %), GCV 

(62.10 %) with high heritability (96.55 %) and GAM (125.72 %) were recorded for 

this trait under drought condition. 

The seed filling per cent under control condition ranged from 83.70 to 97.47 

per cent with a mean of 92.24 was observed. The highest seed filling per cent of 97.47 

was recorded in Tonnur and lowest seed filling per cent of 83.7 was recorded in 

Navara. The low PCV (4.18 %) and GCV (1.20 %) were observed with high 

heritability (97.98 %) and GAM (71.32 %) were recorded for this trait. 

4.1.11 Test weight 

The mean test weight of 16.14 g with a range of 12.03 to 26.25 g was 

observed. The highest test weight was recorded in Sannavalya (26.25g) and lowest in 

Shashti (12.03 g).The high PCV (24.13 %), GCV (23.45 %) with high heritability 

(94.5 %) and GAM (46.97 %) were recorded for this trait under drought condition. 

The test weight ranged from 15.75 to 26.75 g and mean of 20.97 g was 

recorded. The highest test weight of 26.75 g was recorded in JGL 1798 and lowest 
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test weight of 15.7 5g was recorded in Tonnur. The moderate PCV (14.01 %) and 

GCV (13.59 %) with high heritability (94 %) and GAM (27.15 %) were recorded for 

this trait under control condition. 

4.2 Correlation and path coefficient analysis among yield and yield attributing 

characters also with physiological characters 

4.2.1 Correlation and path coefficient analysis among yield and yield attributing 

characters 

 Phenotypic correlation for yield with 10 yield attributing characters were 

recorded. The results on association among the traits under both drought and control 

conditions were presented in Table 4. 

4.2.1.1 Correlation of yield with other characters 

 The significant and positive association at phenotypic level was found 

between grain yield with productive tillers per plant (0.282), spikelets per panicle 

(0.628), number of filled grains per panicle (0.879), seed filling per cent (0.865), test 

weight (0.906). Rest characters did not show any association. 

 The significant positive association at phenotypic level was found between 

yield with days to fifty per cent flowering (0.275) and seed filling per cent (0.305). 

However for the traits like viz., days to maturity (0.172), number of total tillers per 

plant (0.074), number of productive tillers per plant (0.086), spikelets per panicle 

(0.161), number of filled grains per panicle (0.191), panicle length (0.054), plant 

height (0.029) and test weight (0.012) showed non-significant positive association 

with yield per plant under control condition. 

4.2.1.2 Correlation among yield attributing characters 

4.2.1.2.1 Days to 50 per cent flowering 

 Days to 50 per cent flowering showed significant positive correlations at 

phenotypic level under drought condition with days to maturity (0.920),whereas it 

showed  non-significant positive correlation with number of filled grains per panicle 

(0.021), seed filling per cent (0.066) and negative significant correlation with number 

of total tillers per plant (-0.271), number of productive tillers per plant (-0.273). 

However, it showed negative non-significant correlation with number of spikelets per 

panicle (-0.030), panicle length (-0.095), plant height (-0.083), and test weight                   

(-0.030). 

Under control condition days to 50 per cent flowering showed significant 

positive correlation at phenotypic level with days to maturity (0.911) and plant height 

(0.229). Non-significant positive correlation with panicle length (0.091) and seed 

filling per cent (0.026) whereas significant negative correlation was observed for 

spikelets per panicle (-0.325), number of filled grains per panicle (-0.312). The 

number of tillers per plant (-0.054), number of productive tillers per plant (-0.062) and 

test weight (-0.189) showed negative non-significant correlation. 
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4.2.1.2.2 Days to maturity 

 Days to maturity under drought condition showed non-significant positive 

correlation with number of filled grains per panicle (0.014), seed filling per cent 

(0.090), significant negative correlation was observed for number of tillers per plant    

(-0.289), number of productive tillers per plant (-0.283) whereas, it showed non-

significant negative correlation with spikelets per panicle (-0.067), panicle length      

(-0.156), plant height (-0.160) and test weight (-0.049). 

 Days to maturity under control condition showed significant positive 

correlation with plant height (0.265), significant negative correlation with number of 

spikelets per panicle (-0.316), number of filled grains per panicle (-0.306) and test 

weight (-0.253). Non-significant positive correlation with panicle length (0.042), seed 

filling per cent (0.005) and non-significant negative correlation with number of total 

tillers per plant (-0.059) and productive tillers per plant (-0.079). 

4.2.1.2.3 Number of tillers per plant 

 Number of total tillers per plant showed significant positive correlations at 

phenotypic level under drought condition with productive tillers per plant (0.586), 

panicle length (0.286) and non-significant positive correlation with number of 

spikelets per panicle (0.067) and test weight (0.021)whereas, filled grains per panicle 

(-0.065), plant height (-0.003) and seed filling per cent (-0.072) showed non-

significant negative correlation. 

 Under control condition this trait showed significant positive correlation with 

number of productive tillers per plant (0.958) and non-significant positive correlation 

with number of spikelets per panicle (0.067), panicle length (0.115), plant height 

(0.038) and seed filling per cent (0.078) whereas test weight (-0.053) showed non-

significant negative correlation. 

4.2.1.2.4 Number of productive tillers per plant 

Number of productive tillers per plant showed significant positive correlations 

at phenotypic level under drought condition with number of spikelets per panicle 

(0.281), test weight (0.202), and non-significant positive correlation with number of 

filled grains per panicle (0.180), panicle length (0.181) and seed filling per cent 

(0.152). Whereas, plant height (-0.162) showed non-significant negative correlation. 

The trait number of productive tillers per plant showed non-significant 

positive correlation with traits spikelets per panicle (0.100), number of filled grains 

per panicle (0.121), panicle length (0.091), plant height (0.008), seed filling per cent 

(0.124) and test weight (0.019) under control condition. 
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4.2.1.2.5 Number of spikelets per panicle 

Number of spikelets per panicle showed significant positive correlations under 

drought condition with number of filled grains per panicle (0.801), panicle length 

(0.312), seed filling per cent (0.459) and test weight (0.488). Whereas, plant height               

(-0.175) showed non-significant negative correlation. 

Number of spikelets per panicle exhibited significant positive correlations at 

phenotypic level under control condition with number of filled grains per panicle 

(0.992) and test weight (0.327). Non-significant positive correlation with panicle 

length (0.062) and seed filling per cent (0.155) whereas, plant height (-0.294) showed 

significant negative correlation under control condition. 

4.2.1.2.6 Number of filled grains per panicle 

Number of filled grains per panicle showed significant positive correlations at 

phenotypic level under drought condition with seed filling per cent (0.861), test 

weight (0.773) and panicle length (0.118) showed non-significant positive correlation. 

Whereas, plant height (-0.172) exhibited non-significant negative correlation. 

The trait number of filled grains per panicle showed significant positive 

correlation at phenotypic level under control condition with seed filling per cent 

(0.269), test weight (0.322) and panicle length (0.101) showed non-significant 

positive correlation. Whereas, plant height (-0.275) exhibited significant negative 

correlation. 

4.2.1.2.7 Panicle length 

 Test weight (0.043) exhibited significant positive correlation with plant height 

(-0.015) and seed filling per cent (-0.018) showed non-significant negative correlation 

with panicle length under drought condition. 

 Panicle length showed significant positive correlation at phenotypic level 

under control condition with plant height (0.434) and seed filling per cent (0.348) 

whereas, test weight (-0.091) showed non-significant negative correlation 

4.2.1.2.8 Plant height 

 Plant height showed non-significant negative correlation at phenotypic level 

under drought condition with seed filling per cent (-0.142) and test weight (-0.039). 

 Under control condition plant height showed significant positive correlation at 

phenotypic level with seed filling per cent (0.212) whereas, test weight                                    

(-0.267) showed significant negative correlation. 
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4.2.1.2.9 Seed filling per cent 

 Seed filling per cent showed significant positive correlation at phenotypic 

level under drought condition with test weight (0.778) whereas, in controlled 

condition it showed non-significant negative correlation test weight (-0.015). 

4.2.1.3 Path coefficient analysis 

 The results obtained under drought and control condition are presented in the 

table 5 and table 6 respectively. The direct and indirect effects of different traits on 

yield per plant are presented below. 

4.2.1.3.1 Direct effect of yield attributing characters on yield per plant at phenotypic 

level 

 Totally eight out of ten characters had positive and direct effect on yield per 

plant under drought condition viz., days to 50 per cent flowering (0.034), days to 

maturity (0.014), number of total tillers per plant (0.013), number of productive tillers 

per plant (0.079), number of spikelets per panicle (0.179), filled grains per panicle 

(0.028), seed filling per cent (0.332) and test weight (0.523) showed direct positive 

effect on yield whereas, panicle length (-0.026) and plant height (-0.029) had negative 

direct effects on grain yield. 

 Five out of ten characters had positive and direct effect on yield per plant at 

phenotypic level under control condition. The characters which showed positive direct 

effect on yield were days to 50 per cent flowering (0.766), number of tillers per plant 

(0.159), number of spikelets per panicle (1.158), plant height (0.015) and seed filling 

per cent (0.4029)whereas, days to maturity (-0.452), number of productive tillers per 

plant (-0.094), filled grains per panicle (-0.940), panicle length (-0.132) and test 

weight (-0.012) exhibited negative direct effects on yield per plant. 

 Test weight (0.523) under drought and number of spikelets per panicle (1.158) 

under control condition showed the highest positive direct effect whereas, plant height 

(-0.029) under drought and number of filled grains per panicle (-0.940) under control 

condition exhibited the highest negative direct effect on yield. 

4.2.1.3.2 Indirect effect of yield attributing traits on yield per plant 

4.2.1.3.2.1 Days to 50 per cent flowering 

 The indirect positive effect on yield per plant was exhibited by days to 50 per 

cent flowering under drought condition through days to maturity (0.0315), filled 

grains per panicle (0.0007) and seed filling per cent (0.0023). However, it showed 

negative effect on yield through number of tillers per plant (-0.0093), productive 

tillers per plant (-0.0093), panicle length (-0.0033), plant height (-0.0028), spikelets 

per panicle (-0.0010) and test weight (-0.0011).  

Navya, G. T. , M.Sc,(Agri.), 2017      33 

 



 

 

 

Studies on genetic diversity for drought tolerance in local land races of rice Under aerobic condition  34 

 



 

 

 

Navya, G. T. , M.Sc,(Agri.), 2017      35 

 



The indirect positive effect on yield was exhibited by days to 50 per cent 

flowering under control condition via. Days to maturity (0.698), panicle length 

(0.069), plant height (0.175) and Seed filling per cent (0.020). However, it showed 

negative effect on yield through number of tillers per plant (-0.041), number of 

productive tillers per plant (-0.047), Number of filled grains per panicle (-0.239), 

number of spikelets per panicle (-0.249) and test weight (-0.145). 

4.2.1.3.2.2 Days to maturity 

 Under drought condition days to maturity had the indirect and positive effect 

on yield via. Days to 50 per cent flowering (0.0315), number of filled grains per 

panicle (0.0002), and seed filling per cent (0.0013). While negative influence through 

number of tillers per plant (-0.0042), number of productive tillers per plant (-0.0041), 

number of spikelets per panicle (-0.0010), panicle length (-0.0023), plant height                     

(-0.0023) and test weight (-0.0007). 

This character had the indirect positive effect on yield under control condition 

through number of tillers per plant (0.0271), number of productive tillers per plant 

(0.0359), number of spikelets per panicle (0.1430), number of filled grains per panicle 

(0.1385) and test weight (0.1147). While negative influence on yield was exhibited 

through days to 50 per cent flowering (-0.4121), panicle length (-0.0193), plant height 

(-0.1200) and seed filling per cent (-0.0023). 

4.2.1.3.2.3 Total number of tillers per plant 

 The indirect positive effect on yield was exhibited by number total tillers per 

plant via. Days to maturity (0.0040), number of productive tillers per plant (0.0082), 

number of spikelets per panicle (0.0009), panicle length (0.0040) and test weight 

(0.0003)whereas, the trait exhibited indirect negative effect through, days to 50 per 

cent flowering (-0.0038), number of filled grains per panicle (-0.0009), plant height               

(-0.0001) and seed filling per cent (-0.0010) under drought condition. 

  This character under control condition had indirect positive effect on yield 

through, number of productive tillers per plant (0.1532), spikelets per panicle 

(0.0107), number of grains per panicle (0.0130), panicle length (0.0185), plant height 

(0.0062) and seed filling per cent. Whereas, it exhibited negative effect on yield via., 

days to 50 per cent flowering (-0.0087), days to maturity (-0.0096) and test weight                 

(-0.0086). 

4.2.1.3.2.4 Number of productive tillers per plant 

 Number of productive tillers per plant showed the indirect positive effect on 

yield through number of tillers per plant (0.0442), number of spikelets per panicle 

(0.0212), number of filled grains per panicle (0.0136), panicle length (0.0137), seed 

filling per cent (0.0115) and test weight (0.0153). However, it showed negative 
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indirect effect via., days to fifty per cent flowering (-0.0206) days to maturity                       

(-0.0214) and plant height (-0.0123) under drought condition. 

 Under control condition number of productive tillers per plant exhibited the 

indirect positive effect on yield through days to 50 per cent flowering (0.0059), and 

days to maturity (0.0075).However it showed negative indirect effect via. number of 

tillers per plant (-0.0906),  number of spikelets per panicle (-0.0095), number of filled 

grains per panicle (-0.0115), panicle length (-0.0087), seed filling per cent (-0.0117) 

test weight (-0.0018) and plant height (-0.0008). 

4.2.1.3.2.5 Number of spikelets per panicle 

 Number of spikelets per panicle under drought condition showed indirect 

positive effect on yield through number of tillers per plant (0.0121), number of 

productive tillers per plant (0.0505), number of filled grains per panicle (0.1438), 

panicle length (0.0560), seed filling per cent (0.0824) and test weight (0.0877) 

whereas, it had indirect negative effect on yield through days to maturity (-0.0121) 

and plant height (-0.0314). 

 The character under control condition had indirect positive effect on yield 

through number of tillers per plant (0.0777), number of productive tillers per plant 

(0.1164), number of grains per panicle (1.1487), panicle length (0.0728), seed filling 

per cent (0.1796) and test weight (0.3787) whereas, it had indirect negative effect on 

yield via. days to 50 per cent flowering (-0.3773), days to maturity (-0.3661)and plant 

height (-0.3410). 

4.2.1.3.2.6 Number of filled grains per panicle 

Number of grains per panicle under drought condition showed indirect 

positive effect on yield through days to 50 per cent flowering (0.0006), days to 

maturity (0.0004), productive tillers per plant (0.0052), number of spikelets per 

panicle (0.0230), panicle length (0.0034), seed filling per cent (0.0247) and test 

weight (0.0222). However, it had negative effect on yield through number of total 

tillers per plant (-0.0019) and plant height (-0.0049). 

Under control condition this character had indirect positive effect on yield via. 

days to 50 per cent flower (0.2943), days to maturity (0.2881), and plant height 

(0.2592). Whereas it had indirect negative effect on yield through number of total 

tillers per plant (-0.0764), productive tillers per plant (-0.1141), number of spikelets 

per panicle (-0.9332), panicle length (-0.0956), seed filling per cent (-0.2534) and test 

weight (-0.3031). 

4.2.1.3.2.7 Panicle length 

 Panicle length had indirect positive effect on yield under drought condition 

through, days to 50 per cent flowering (0.0025), days to maturity (0.0041), plant 
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height (0.0004) and seed filling per cent (0.0005) however, it had indirect negative 

effect on yield via. number of tillers per plant (-0.0075), number of productive tillers 

per plant (-0.0048), number spikelets per panicle (-0.0082), number of filled grains 

per panicle (-0.0031) and test weight (-0.0011). 

 Under control condition panicle length had indirect positive effect on yield 

via. test weight (0.012). Whereas it had indirect negative effect on yield through days 

to 50 per cent maturity (-0.012), days to maturity (-0.005), number of tillers per plant 

(-0.015), number of productive tillers per plant (-0.012), spikelets per panicle                        

(-0.003), number of filledgrains per panicle (-0.013), plant height (-0.057) and seed 

filling per cent (-0.046). 

4.2.1.3.2.8 Plant height 

 Plant height had an indirect positive effect on yield under drought condition 

through all the characters, days to 50 per cent maturity (0.002), days to maturity 

(0.004), number of tillers per plant (0.0001), number of productive tillers per plant 

(0.004), spikelets per panicle (0.005), number of filled grains per panicle (0.005), 

panicle length (0.0004), seed filling per cent (0.004) and test weight (0.001). 

 Under control condition panicle length had indirect positive effect on yield 

via., days to 50 per cent maturity (0.003), days to maturity (0.004), number of tillers 

per plant (0.0006), number of productive tillers per plant (0.0001), panicle length 

(0.006) and seed filling per cent (0.003). However, it had indirect negative effect on 

yield through spikelets per panicle (-0.0046), number of filled grains per panicle                  

(-0.0043) and test weight (-0.0041). 

4.2.1.3.2.9 Seed filling per cent 

 Under drought condition seed filling per cent exhibited indirect positive effect 

on yield through days to 50 per cent flowering (0.0221), days to maturity (0.0301), 

number of productive tillers per plant (0.0506), number of spikelets per panicle 

(0.1527), number of filled grains per panicle (0.2865), and test weight (0.2587). 

However it had indirect negative effect on yield via. Number of total tillers per plant 

(-0.0239), panicle length (-0.0062) and plant height (-0.0473). 

 Under control condition seed filling per cent exhibited indirect positive effect 

on yield through days to 50 per cent flowering (0.0105), days to maturity (0.0021), 

number of total tillers per plant (0.0315),number of productive tillers per plant 

(0.0501), number of spikelets per panicle (0.0625), number of filled grains per panicle 

(0.1085), panicle length (0.1403) and plant height (0..0857). However it had indirect 

negative effect on yield via.test weight (-0.0063). 

  

Studies on genetic diversity for drought tolerance in local land races of rice Under aerobic condition  38 

 



4.2.1.3.2.10 Test weight 

 Test weight exhibited indirect positive effect on yield through number of total 

tillers per plant (0.0115), number of productive tillers per plant (0.1061), number of 

spikelets per panicle (0.2559), number of filled grains per panicle (0.4048), panicle 

length (0.0228), and seed filling per cent (0.4074). Whereas it had indirect negative 

effect on yield via., days to 50 per cent flowering (-0.0161), days to maturity                          

(-0.0260), and plant height (-0.0206) under drought condition. 

 Under control condition test weight had indirect positive effect on yield via., 

Days to 50 per cent flowering (0.0045), days to maturity (0.0060), number of total 

tillers per plant (0.0013), panicle length (0.0022), plant height (0.0064), and seed 

filling per cent (0.0004). Whereas it had indirect negative effect through, number of 

productive tillers per plant (-0.0005), number of spikelets per panicle (-0.0078) and 

number of filled grains per panicle (-0.0077). 

4.2.2 Correlation and path coefficient analysis for yield and physiological characters 

 Phenotypic correlation was worked out among 8 physiological and root 

characters to know the nature of association between yield and physiological 

parameters under drought and control condition are presented in the table 7. 

4.2.2.1 Correlation of yield with physiological characters 

 Significant and positive association at phenotypic level under drought 

condition was found between yield per plant with chlorophyll content (0.599), relative 

water content (0.693), proline content (0.805), root length (0.816), root to shoot ratio 

(0.68), root volume (0.777) and significant negative association with leaf rolling                 

(-0.687) whereas non-significant negative association was observed with shoot length 

(-0.080). 

 Under control condition significant and positive association at phenotypic 

level was not found between yield per plant and other physiological parameters. 

Whereas non-significant positive association was found with chlorophyll content 

(0.144), root length (0.072), root to shoot ratio (0.069), root volume (0.061) and non-

significant negative association with relative water content (-0.040), proline content       

(-0.025), leaf rolling (-0.039) and shoot length (-0.0886). 

4.2.2.2 Correlation among physiological parameters 

4.2.2.2.1 Chlorophyll content 

 Chlorophyll content showed significant positive correlations at phenotypic 

level under drought condition with relative water content (0.544), proline content 

(0.558), root length (0.558), root to shoot ratio (0.435) and root volume (0.508). 

Whereas it showed significant negative association with leaf rolling (-0.477) and non-

significant negative correlation with shoot length (-0.002).  
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Under control condition chlorophyll content showed significant negative 

correlation at phenotypic level with leaf rolling (-0.232) and non-significant positive 

correlation with proline content (0.036), root length (0.026), shoot length (0.029), root 

to shoot ratio (0.039) however, it showed non-significant negative association with 

relative water content (-0.044) and root volume (-0.032). 

4.2.2.2.2 Relative water content 

 Relative water content showed significant positive correlation at phenotypic 

level under drought condition with proline content (0.679), root length (0.660), root to 

shoot ratio (0.435), root volume (0.616)and significant negative association with leaf 

rolling (-0.505). Whereas shoot length (0.022) showed non-significant positive 

association. 

 Under control condition relative water content showed significant positive 

correlation at phenotypic level with root length (0.239), root volume (0.279) and non-

significant positive correlation with proline content (0.069), leaf rolling (0.191), shoot 

length (0.163), root to shoot length (0.074).  

4.2.2.2.3 Proline content 

 Proline content showed significant positive correlation at phenotypic level 

under drought condition with root length (0.623), root to shoot ratio (0.471) and root 

volume (0.624). leaf rolling (-0.518) showed significant negative association whereas 

shoot length (0.019) exhibited non-significant positive association. 

 Proline content under control condition exhibited significant positive 

correlation at phenotypic level with root length (0.375), root to shoot ratio (0.250) and 

root volume (0.370). Whereas shoot length (0.036) showed non-significant positive 

association and leaf rolling (-0.379) showed significant negative association. 

4.2.2.2.4 Leaf rolling 

 Under drought condition leaf rolling exhibited significant negative correlation 

at phenotypic level with root length (-0.757), root to shoot ratio (-0.653) and root 

volume (-0.670). Whereas shoot length (0.129) showed non-significant positive 

correlation. 

 Leaf rolling exhibited non-significant positive correlation with root to shoot 

ratio (0.108), whereas significant negative association with shoot length (-0.242), root 

volume (-0.219) and non-significant negative association with root length (-0.012) at 

phenotypic level under control condition. 
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4.2.2.2.5 Root length 

 Root length showed significant positive correlation at phenotypic level under 

drought condition with root to shoot ratio (0.861) and root volume (0.790). Whereas 

shoot length (-0.112) showed non-significant negative correlation. 

 Under control condition root length exhibited significant positive correlation 

at phenotypic level with root to shoot ratio (0.725) and root volume (0.347). Whereas 

shoot length (-0.123) showed non-significant negative correlation.  

4.2.2.2.6 Shoot length 

Shoot length under drought condition exhibited significant negative 

correlation at phenotypic level with root to shoot ratio (-0.572), whereas root volume 

(-0.071) showed non-significant negative association. 

Under control condition shoot length exhibited significant negative correlation 

at phenotypic level with root to shoot ratio (-0.712) and root volume (0.089) showed 

non-significant positive association. 

4.2.2.2.7 Root to shoot ratio 

 Under drought condition root to shoot ratio exhibited significant positive 

correlation at phenotypic level with root volume (0.665). 

 Root to shoot ratio under control condition exhibited non-significant positive 

association with root volume (0.177).  

4.2.2.3 Path coefficient analysis 

 Path coefficient analysis was done at phenotypic level taking the yield per 

plant as a dependent character and other physiological characters chlorophyll content, 

relative water content, proline content, leaf rolling, root length, shoot length, root to 

shoot ratio and root volume as independent characters. The results obtained under 

drought and control condition are presented in table 8 and table 9 respectively and the 

direct and indirect effects of different physiological characters on yield are present 

below.  

4.2.2.3.1 Direct effect of physiological parameter on yield at phenotypic level 

 Five out of eight parameters had positive direct effect on yield at phenotypic 

level under drought condition. The characters which showed positive direct effects are 

chlorophyll content (0.0508), relative water content (0.0425), proline content 

(0.4037), root length (0.457) and root volume (0.175). Other characters leaf rolling                 

(-0.069), shoot length (-0.117) and root to shoot ratio (-0.177) had negative direct 

effects on yield. 
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 Under control condition three out of eight parameters had positive direct effect 

on yield at phenotypic level. Chlorophyll content (0.161), root length (0.385) and root 

volume (0.088) had exhibited positive direct effect on yield. Whereas relative water 

content (-0.030), proline content (-0.092), leaf rolling (-0.053), shoot length (-0.408) 

and root to shoot ratio (-0.492) had exhibited negative direct effects on yield. 

 Root length (0.457; 0.385) in drought and control condition had the highest 

positive direct effect, whereas root to shoot ratio (-0.177; -0.492) in drought and 

control condition had the highest negative effect on yield. 

4.2.2.3.2 Indirect effect of physiological parameters on yield 

4.2.2.3.2.1 Chlorophyll content 

 The indirect positive effect on yield was exhibited by chlorophyll content 

under drought condition through, Relative water content (0.027), proline content 

(0.028), root length (0.028), root to shoot ratio (0.022) and root volume (0.025). 

However, it had negative effect on yield via. leaf rolling (-0.024) and shoot length                

(-0.0001). 

 The indirect positive effect on yield was exhibited by chlorophyll content via., 

Proline content (0.010), root length (0.004), shoot length (0.004) and root to shoot 

ratio (0.006). However it had indirect negative effect on yield through relative water 

content (-0.007), leaf rolling (-0.037) and root volume (-0.005) under control 

condition. 

4.2.2.3.2.2 Relative water content 

 The indirect and positive effect on yield was exhibited by relative water 

content under drought condition through, chlorophyll content (0.023), proline content 

(0.028), root length (0.028), shoot length (0.001), root to shoot ratio (0.022) and root 

volume (0.026). However it had indirect negative effect on yield through leaf rolling 

(-0.021). 

Under control condition relative water content had the indirect and positive 

effect on yield through chlorophyll content (0.001). Whereas it had indirect negative 

effect on yield via., Proline content (-0.002), leaf rolling (-0.005), root length (-0.007), 

shoot length (-0.005), root to shoot ratio (-0.002) and root volume (-0.008). 

4.2.2.3.2.3 Proline content 

 Under drought condition the proline content had indirect positive effect on 

yield through relative water content (0.274), chlorophyll content (0.225), root length 

(0.251), shoot length (0.007), root to shoot ratio (0.190), root volume (0.252). 

Whereas it had indirect negative effect on yield through leaf rolling (-0.209). 
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 The indirect and positive effect on yield was exhibited by proline content 

under control condition through leaf rolling  (0.035) and indirect negative effect on 

yield through chlorophyll content (-0.005), relative water content (-0.006), root length 

(-0.034), shoot length (-0.003), root to shoot ratio (-0.023) and root volume (-0.034). 

4.2.2.3.2.4 Leaf rolling 

 The indirect and positive effect on yield was exhibited by leaf rolling under 

drought condition through chlorophyll content (0.033), relative water content (0.034), 

proline content (0.035), root length (0.052), root to shoot ratio (0.045) and root 

volume (0.046).Whereas it had indirect negative effect on yield via. Shoot length                 

(-0.008). 

 Under control condition the leaf rolling had indirect positive effect on yield 

through chlorophyll content (0.012), proline content (0.020), root length (0.0007), 

shoot length (0.012) and root volume (0.011). However it had indirect negative effect 

on yield through relative water content (-0.010) and root to shoot ratio (-0.005). 

4.2.2.3.2.5 Root length 

 The indirect and positive effect on yield was exhibited by root length under 

drought condition through chlorophyll content (0.255), relative water content (0.301), 

proline content (0.284), root to shoot ratio (0.393) and root volume (0.361). However 

it had indirect negative effect on yield via. Leaf rolling (-0.346) and shoot length                 

(-0.051). 

 The indirect and positive effect on yield was exhibited by root length under 

control condition through chlorophyll content (0.010), relative water content (0.092), 

proline content (0.144), root to shoot ratio (0.279) and root volume (0.133). Whereas 

it had indirect negative effect on yield through leaf rolling (-0.004) and shoot length              

(-0.047). 

4.2.2.3.2.6 Shoot length 

 Under drought condition shoot length exhibited indirect positive effect on 

yield via. Chlorophyll content (0.0003), root length (0.013), root to shoot ratio (0.067) 

and root volume (0.008). However it had indirect negative effect on yield through 

relative water content (-0.002), proline content (-0.002), and leaf rolling (-0.015).  

 Shoot length had indirect positive effect on yield through, leaf rolling (0.098), 

root length (0.0504) and root to shoot ratio (0.2908). However it had indirect negative 

effect on yield through chlorophyll content (-0.011), relative water content (-0.066), 

proline content (-0.014) and root volume (-0.036) under control condition. 
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4.2.2.3.2.7 Root to shoot ratio 

 Root to shoot ratio under drought condition had indirect positive effect on 

yield through leaf rolling (0.116), shoot length (0.101).However it had indirect 

negative effect on yield via. Chlorophyll content (-0.077), relative water content                 

(-0.093), proline content (-0.083), root length (-0.153) and root volume (-0.118). 

 The indirect positive effect was exhibited by root to shoot ratio under control 

condition through, shoot length (0.350). Whereas it had indirect negative effect on 

yield via. Chlorophyll content (-0.019), relative water content (-0.036), proline 

content (-0.123), leaf rolling (-0.053), root length (-0.357) and root volume (-0.087). 

4.2.2.3.2.8 Root volume 

 Root volume under drought condition exhibited indirect positive effect on 

yield through, chlorophyll content (0.089), relative water content (0.108), proline 

content (0.109), root length (0.138) and root to shoot ratio (0.116). However it had 

indirect negative effect on yield via. Leaf rolling (-0.117) and shoot length (-0.012). 

 Root volume had an indirect positive effect on yield through relative water 

content (0.024), proline content (0.032), root length (0.030), shoot length (0.007) and 

root to shoot ratio (0.015). However it had indirect negative effect on yield via. 

Chlorophyll content (-0.002) and leaf rolling (-0.019) under control condition. 

4.3 Genetic divergence among yield and yield attributing characters. 

 Genetic diversity analysis helps to study the nature of divergence among 

studied genotypes and help to identify the genetically diverse genotypes for their uses 

in recombinant breeding programme. Present study also work out genetic diversity 

among 49 genotypes by following Mahalanobis’ D2 analysis with yield and its 

attributing traits under drought and controlled conditions. 

4.3.1 Cluster constellation 

 The 49 genotypes of rice were distributed into eight clusters under both 

drought and controlled condition is present in table 10 and table 11 respectively. 

Cluster pattern under drought condition revealed that, cluster V constitutes of 13 

genotypes forming the largest cluster followed by cluster VI (12 genotypes), cluster II 

(9 genotypes), cluster III (5 genotypes), cluster VIII (4 genotypes), cluster I                          

(3 genotypes), cluster VII (2 genotypes), and cluster IV (1 genotype). 

 Cluster pattern under control condition revealed that, cluster VI constitutes of 

14 genotypes forming the largest cluster followed by cluster VII (10 genotypes), 

cluster II (8 genotypes), cluster IV (6 genotypes), cluster VIII (4 genotypes), cluster I 

and cluster V (3 genotypes each) and cluster III (1 genotype). 
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4.3.2 Intra and Inter cluster relation 

 The average D2 values of intra and inter clusters distances under drought and 

control condition are presented in table 12 and table 13 respectively. 

 Under drought condition the intra cluster distance ranged from 0.00 to 107.67. 

The maximum intra-cluster distance was recorded in cluster V (107.67) followed by 

cluster II (59.53) and cluster I (54.19). 

 In case of control condition the intra cluster distance ranged from 0.00 to 

70.41. The maximum intra-cluster distance was recorded in cluster IV (70.41) 

followed by cluster I (57.58) and cluster II (51.60). 

 Diversity among clusters under drought condition; varied from 85.38 to 

1466.23. Cluster IV and cluster VIII exhibited maximum inter cluster distance 

(1466.23) followed by cluster I and cluster VIII (1450.79). The lowest inter cluster 

distance was recorded between cluster I and cluster III (85.38) followed by cluster I 

and cluster II (101.22). 

 Diversity among clusters under control condition, varied from 51.95 to 

1104.91. Cluster VII and cluster VIII (1104.91) showed maximum inter cluster 

distance followed by cluster IV and cluster VIII (912.28). The lowest inter cluster 

distance was recorded between cluster V and cluster VI (51.95) followed by cluster 

VI and cluster VII (90.94). 

4.3.3 Cluster means 

 Cluster means of eleven characters studied under drought and control 

condition are presented in table 14 and table 15 respectively. 

 Genotypes studied under drought condition exhibited a wide range of variation 

for all the characters. Highest mean value for days to 50 per cent flowering was 

recorded in the cluster VII (98) and lowest mean value in the cluster II (62.13). 

Whereas in control condition highest mean was recorded in cluster VIII (120) and 

lowest in cluster IV (79.25). 

Highest mean value for days to maturity under drought condition was recorded 

in cluster VII (129) and lowest mean value in the cluster II and cluster VI (95). 

However in control condition highest mean was recorded in cluster VIII (146) and 

lowest in cluster III and VII (113.50). 

Under drought condition highest mean value for number of total tillers per 

plant was recorded in cluster VI (20.50) and lowest in the cluster VII (11). Whereas in 

control condition highest mean value was recorded in cluster VIII (146), and lowest in 

cluster III (10). 
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Under drought condition the highest mean value for number of productive 

tillers per plant was recorded in the cluster VI (16.50) and lowest in the cluster VII 

(7). Whereas in control condition highest mean was recorded in the cluster VIII (20) 

and lowest in the cluster III (10). 

Highest mean for number of spikelets per panicle under drought condition was 

recorded in the cluster VIII (210) and lowest in the cluster IV (73.63). Whereas in the 

control condition highest mean in cluster VII (245) and lowest in the cluster VIII (89). 

Cluster VIII (195) exhibited highest mean value for number of filled grains per 

panicle and cluster IV (19.8) showed lowest mean under drought condition. Whereas 

under control condition cluster VII (225) showed highest mean value and cluster VIII 

(84) exhibited lowest mean value under control condition. 

Highest mean value for panicle length under drought condition was recorded 

in cluster VI (21.53) and lowest mean value in the cluster VII (17.13). Whereas under 

control condition highest mean value was recorded in cluster VII (24) and lowest in 

cluster VIII (20.13). 

Cluster VI (108.95) had exhibited highest and cluster VII (70.50) had 

exhibited lowest mean value for plant height under drought condition. Whereas under 

control condition cluster VIII (120.44) showed highest and cluster V (82.50) showed 

lowest mean value for plant height.  

Highest mean value for yield per plant was observed in cluster VIII (24.25), 

and lowest mean value in cluster IV (3.09) under drought condition. Whereas in 

control condition cluster VI (48.75) showed highest and cluster V (34.25) lowest 

mean value for yield per plant. 

Under drought condition cluster VIII (92.95) exhibited highest and cluster I 

(27.34) exhibited lowest mean value for seed filling per cent. Whereas in control 

condition cluster IV (95.18) showed highest and cluster I (91.80) showed lowest mean 

value. 

Highest mean value for test weight under drought condition was exhibited by 

cluster VIII (25.80) and cluster IV (13.62) showed lowest mean value. Whereas under 

control condition cluster VII (25.75) showed highest and cluster II (18.66) showed 

lowest mean value for test weight. 

4.3.4 Contribution of different characters towards divergence 

 Contribution of all eleven characters to divergence under drought condition 

are presented in the Table 16. 
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Table 16: Per cent contribution and their cumulative values of eleven characters 

towards divergence in 49 rice genotypes evaluated in field under 

drought condition 

Sl. No. Characters 

%  contribution 

Drought Cumulative 

1 No. of filled grains per panicle 35.80 35.80 

2 No. of productive tillers per hill 25.34 61.14 

3 No. of spikelets per panicle 11.39 72.53 

4 Days to maturity 8.94 81.47 

5 Days to 50% flowering 5.78 87.25 

6 Yield per plant 5.19 92.44 

7 Test weight 3.74 96.18 

8 Seed filling per cent 2.21 98.39 

9 Panicle length 0.77 99.16 

10 Plant height 0.75 99.91 

11 No. of total tillers per hill 0.09 100.00 
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Number of filled grains per panicle (35.80 %) contributed highest to the 

divergence of genotypes followed by productive tillers per plant (25.34), number of 

spikelets per panicle (11.39), days to maturity (8.93), days to 50 per cent flowering 

(5.78), yield per plant (5.19)  and least from test weight (3.74), seed filling per cent 

(2.21), panicle length and plant height (0.77) and lowest contribution to divergence by 

number of total tillers per plant (0.09) under drought condition. 

Days to 50 per cent flowering (44.64) contributed highest to the divergence of 

genotypes followed by test weight (18.37), number of spikelets per panicle (10.54), 

yield per plant (9.95), days to maturity (7.91) and least from panicle length (3.56), 

plant height (2.72), number of total tillers per plant (1.87), seed filling per cent (0.34), 

number of productive tillers per plant (0.09) and number of filled grains per panicle 

(0.01) under control condition. 

4.4 Per cent difference in physiological parameters contributing to drought 

tolerance between stress and control condition 

 Per cent difference for physiological parameters between drought and control 

condition is presented in table 17. 

 Highest per cent difference in chlorophyll content between control and stress 

was rerecorded in Ambimohari (97.33%), followed by Hasudi (95.65), Gandhasale 

(92.68)and shashti (85.88) whereas, lowest per cent difference was recorded in 

Tonnur (1.52), Akkalu (3.23), Madras sanna (4.17), Sannavalya (5.26), Manjakaime 

(5.71), JGL 1798 (7.69), Najarbad (8.25), Anagha (8.32)andGangadace (9.15). 

Remaining genotypes exhibited 10 per cent to 90 per cent difference in chlorophyll 

content. 

Highest per cent difference for proline content between stress and control was 

recorded inBettadeyan (99.95), Honasu (97.37), Rajamani (94.17), Kallurandikar 

(92.85), Kaduvalai (94.61), Tonnur (92), Lalkade rice (97.52) and lowest per cent 

difference was recorded in Doddiga (17.44), Madras sanna (34.70), JGL-1798 

(36.75), Sannavalya (31.17), Manjakaime(37.34), Gangadace (39.08), Najarbad 

(36.75) and Anagha (39.54). However other genotypes showed 40 per cent to 90 per 

cent difference. 

4.5 Identification of Drought tolerant genotypes  

From the present investigation six genotypes viz., Sannavaalya, Manjakaime, 

JGL-1798, Gangadace, Madras sanna and Najarbad were identified as drought 

tolerant lines which performed better than other genotypes under drought condition. 

Drought tolerant genotypes and their respective contributing traits viz., number of 

productive tillers per plant, number of spikelets per panicle, number of grains per 

panicle, seed filling per cent, test weight, chlorophyll content, relative water content, 

proline content, leaf rolling, root length, root to shoot ratio, root volume, yield per 

plant and days to maturity are presented in the table 18. 

Navya, G. T. , M.Sc,(Agri.), 2017      57 

 



Table 17: Per cent difference for physiological parameters contributing to 

drought tolerance between stress and control condition in 49 rice 

genotypes 

Line 

no. 

Chlorophyll (spad readings) Proline content(μmole/g FW) 

Drought Control 
% 

difference 
Drought control 

% 

difference 

1 14.40 15.00 4.17 17.04 12.65 34.70 

2 10.00 14.40 44.00 18.66 13.15 41.90 

3 9.00 14.00 55.56 24.50 14.65 67.24 

4 12.00 14.80 23.33 16.16 11.25 43.64 

5 13.00 14.00 7.69 19.35 14.15 36.75 

6 10.00 15.50 55.00 21.56 14.25 51.30 

7 8.00 10.70 33.75 39.80 20.15 97.52 

8 13.20 13.40 1.52 34.56 18.00 92.00 

9 8.10 9.80 20.99 33.96 17.45 94.61 

10 11.90 17.70 48.74 21.25 12.50 70.00 

11 9.30 9.60 3.23 23.15 12.56 84.32 

12 11.80 15.30 29.66 26.58 14.25 86.53 

13 11.10 18.20 63.96 25.54 14.56 75.41 

14 11.80 15.30 29.66 22.54 13.00 73.38 

15 8.20 12.80 56.10 38.57 10.00 92.85 

16 11.80 14.50 22.88 24.07 13.15 83.04 

17 11.70 18.00 53.85 21.56 15.15 42.31 

18 8.60 15.20 76.74 25.93 14.52 78.58 

19 8.00 12.40 55.00 24.13 13.56 77.95 

20 9.10 14.80 62.64 36.00 18.54 94.17 

21 10.00 16.50 65.00 21.15 13.52 56.43 

22 8.50 15.80 85.88 24.33 14.54 67.33 

23 11.00 18.00 63.64 19.56 12.34 58.51 

24 15.20 16.00 5.26 18.56 14.15 31.17 

25 6.90 13.50 95.65 21.92 12.14 80.56 

26 12.00 15.80 31.67 21.04 12.34 70.50 

27 14.00 14.80 5.71 17.25 12.56 37.34 

28 9.15 16.50 80.33 34.56 17.51 97.37 

29 7.10 12.50 76.06 17.04 14.51 17.44 

30 11.00 18.00 63.64 18.95 11.15 69.96 

31 10.00 16.80 68.00 19.56 12.25 59.67 

32 11.15 18.20 63.23 20.15 12.56 60.43 

33 9.10 16.50 81.32 21.93 12.15 80.49 

34 8.20 15.80 92.68 19.58 13.12 49.24 

35 9.20 15.70 70.65 18.65 14.13 31.99 

                                                                                                                            Contd.. 
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Line no. 

 

Chlorophyll (spad readings) 

 

Proline content(μmole/g FW) 

Drought Control 
% 

difference 
Drought Control 

% 

difference 

36 7.50 14.80 97.33 21.25 15.15 40.26 

37 10.00 16.50 65.00 22.13 14.56 51.99 

38 14.20 15.50 9.15 20.25 14.56 39.08 

39 12.10 15.70 29.75 22.54 13.54 66.47 

40 9.70 14.20 46.39 24.56 14.56 68.68 

41 8.50 15.70 84.71 26.54 14.50 83.03 

42 8.20 13.00 58.54 26.52 16.16 64.11 

43 13.20 18.00 36.36 24.13 14.54 65.96 

44 16.12 17.45 8.25 19.35 14.15 36.75 

45 8.00 14.40 80.00 37.15 15.58 99.95 

46 11.90 15.50 30.25 19.54 12.13 61.09 

47 17.54 19.00 8.32 18.35 13.15 39.54 

48 6.90 11.00 59.42 21.25 12.15 74.90 

49 11.60 15.80 36.21 20.56 13.25 55.17 

CD (5%) 3.26 3.15  3.11 2.07  

CV (%) 15.37 10.36  6.57 7.23  
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V DISCUSSION 

Rice is the major food crop of the world. Production is drastically affected by 

drought in lowland rice ecosystem. In the recent years due to climate change drought 

has become the major limiting factor causing suboptimal yields to total crop failure. 

So, there is a need to adopt climate resilient agricultural practices which mainly 

include altered agronomic practices like irrigation schedule, micro irrigation 

techniques, crop spacing etc., and cultivation of drought tolerant varieties. Local 

landraces of rice being one of the major components of the germplasm serve as a 

source of drought tolerance which can be used as donors in the drought tolerance 

breeding program. Hence dissecting out the traits of importance which influencing the 

response of drought tolerance and yield traits of grain yield will help the breeder to 

know the mechanism of drought tolerance of rice leading to the development of 

drought tolerant varieties (Manickavelu et al.2006).  

Improvement of any crop through breeding program depends on the presence 

of variability among the genotypes. The utility of such genotypes can be known based 

on the knowledge of extent of variability, character association and direct and indirect 

effects influencing different character and genetic divergence in the material. In the 

present investigation 49 rice land races including checks which were evaluated under 

field as well as under PVC pipes to assess the variability parameter, character 

association, direct and indirect effect of character and genetic divergence for 11 

quantitative characters under drought and controlled conditions. The information 

obtained on the variability parameters, correlation analysis, path co-efficient analysis 

and genetic divergence are discussed under the following sub-headings. 

5.1 Genetic variability parameters for grain yield and yield attributing traits 

5.2 Correlation coefficients and path coefficient analysis among yield and yield 

attributing characters also with physiological and root traits. 

5.3 Genetic divergence among grain yield and yield attributing characters 

5.4Per cent difference for physiological parameters contributing to drought tolerance 

between stress and control condition 

5.1 Genetic variability parameters for grain yield and yield attributing traits 

 The analysis of variance revealed highly significant difference among the rice 

genotypes for all the traits. All the genotypes displayed considerable amount of 

differences in their mean performance with respect to all the characters studied under 

control and drought stress condition. As indicated by highly significant mean sum of 

squares for these traits, and showed that, the genotypes studied were genetically 

diverse. Earlier workers, Alok et al.(2013) and Santhosh  et al. (2014) also reported 

the significant differences among the genotypes in their studies for days to 50 per cent 
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flowering, grain yield, number of effective tillers, test weight, sterility per cent, 

harvest index, proline content, leaf area index and total soluble sugars. 

5.1.1 Genetic variability, heritability and genetic advance per cent mean for yield and 

yield attributing characters of rice genotypes 

The genetic variation present in the genotypes is the fundamental principle 

followed in plant breeding in order to develop improved varieties having higher yield 

potential than the present ruling varieties. Genetic variability is the raw material on 

which selection acts to bring improvement in genetic architecture of plants. The 

proportion of genetic variability which is transmitted from parents to off springs is 

reflected by heritability Lush (1949). Heritability in broad sense and genetic advance 

in per cent mean as direct selection parameters provide index of transmissibility of 

traits which gives indication about the effectiveness of selection in improving the 

character (Johnson et al. 1955). 

The genotypes under study showed a wide range of variation both under 

control and drought stress condition, which provide an opportunity for selection of 

desired genotypes by the plant breeder for further breeding program. 

 In the present study, the high magnitude of phenotypic and genotypic 

coefficient of variability was recorded for number of tillers per plant, number of 

productive tillers per plant, number of spikelets per panicle, number of filled grains 

per panicle under drought stress and control condition, while yield per plant, grain 

filling per cent and test weight showed high value of PCV and GCV under drought 

stress condition but, under control condition these traits showed low to moderate PCV 

and GCV. This shows greater variability expressed by genotypes under stress 

condition than in the normal condition. These results are in conformity with the 

findings of earlier workers Uday (2013) and Alok et al. (2013). 

 The moderate estimates of phenotypic and genotypic coefficient of variability 

was recorded for days to 50 per cent flowering, plant height under drought stress and 

control condition, however panicle length, yield per plant, test weight under control 

condition. Chanbeni et al. (2012) observed moderate PCV and GCV estimates for 

panicle length, plant height and test weight. However Alok et al. (2013) reported low 

estimate of coefficient of variability for panicle length. 

 The low estimates of PCV and GCV was recorded for days to maturity under 

both drought stress and in control condition, whereas seed filling per centage in 

control condition. Chanbeni et al. (2012), Alok et al. (2013) and Islam et al. (2016) 

also reported low PCV and GCV estimates for days to maturity. The occurrence of 

low estimates of PCV and GCV indicated that selection directly based on these 

characters would not yield better results as selection is ineffective for this traits under 

both the conditions.  
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 The estimates of PCV were slightly higher than corresponding GCV for all the 

characters under study. Uday (2013), Aishwarya et al. (2014) and Chanbeni et al. 

(2012) also reported higher phenotypic coefficient of variation than their respective 

genotypic coefficient of variation for all the characters they studied. This indicated 

that the presence of non-genetic factors in control of this traits i.e environmental 

influence in expression of traits under study 

 The high magnitude of heritability in broad sense with high genetic advance 

mean were observed for days to 50 percent flowering, number of productive tillers per 

plant, number of spikelets per panicle, number of filled grains per panicle, yield per 

plant, seed filling per cent and test weight under control as well as drought stress. 

While, plant height and number of tillers per plant under control condition. Similar 

results were obtained for plant height, test weight, number of spikelets per panicle, per 

cent spikelet fertility and grain yield in both control and low moisture stress situation, 

while for number of tillers per plant in moisture stress and for number of productive 

tillers per plant in control condition by Uday (2013). Chanbeni et al. (2012) reported 

high heritability coupled with high genetic advance for plant height and number of 

spikelets per panicle. Islam et al. (2016) reported high heritability with genetic 

advance mean for filled grains per panicle and thousand grain weight. 

 The above said nine traits under drought and control conditions reported high 

heritability coupled with high genetic advance are ideal traits for selection. These 

traits exhibited moderate to high PCV and GCV values which shows that the lines 

evaluated may provide high response to selection as these traits exhibited high 

heritability coupled with high genetic advance owing to their high transmissibility to 

next generation. They are likely to be under the influence of additive genetic variance. 

 Days to maturity showed high heritability in broad sense with moderate 

genetic advance mean with low PCV and GCV values under both drought stress and 

control condition. This shows that, the possibility of obtaining better response to 

selection for days to maturity because of high heritability since it had narrow 

difference between PCV and GCV values. Chanbeni et al. (2012) reported high 

heritability coupled with moderate genetic advance for days to 50 per cent flowering 

and days to maturity. High heritability with moderate GA was reported byUday 

(2013) for days to 50 % flowering, days to maturity and panicle length.Alok et al. 

(2013) for days to maturity and panicle length and Aishwarya et al. (2014)  for plant 

height, panicle length and test weight. 

 Number of tillers per plant, panicle length and plant height under drought 

stress condition exhibited moderate heritability with moderate genetic advance mean 

coupled with moderate to high PCV and GCV values. This shows that selection for 

these traits are not much useful even though they have higher variability under 

drought because of moderate heritability and may prove of environmental                                                                                                               
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interactions. Islam et al. (2016) had reported similar results for effective tillers per 

plant, number of unfilled grains per panicle and yield per plant. 

 The phenotypic and genotypic coefficients of variability for number of 

productive tillers per plant, number of spikelets per panicle, number of filled grains 

per panicle, yield per plant, seed filling per cent and test weight observed was high 

along with high heritability coupled with high genetic advance mean in drought stress 

condition as compared with control condition. This shows that the drought stress 

created more variability than control condition for these traits, therefore direct 

selection for these characters under drought stress condition may give better results in 

controlled conditions. 

5.2 Correlation coefficients and path coefficient analysis among yield and yield 

attributing characters also with physiological and root traits 

5.2.1 Correlation and path coefficient analysis among yield and yield attributing 

characters. 

 Primary aim of any breeding program is to increase yield. The yield of the 

crop depends on the performance of its matrix trait known as yield attributing traits. 

Thus genetic architecture of grain yield is based on the balance or overall net effect 

produced by various yield components directly or indirectly by interacting with each 

other. Inter-relationship between grain yield and yield attributes were determined by 

correlation matrix studied. 

 In the present study the yield per plant was significantly and positively 

associated with productive tillers per plant, number of spikelets per panicle, number 

of filled grains per panicle, seed filling per cent and test weight under drought stress 

condition whereas, under control condition yield was positive association with days to 

50 per cent flowering and seed filling per cent. Santosh et al. (2014) reported positive 

and significant correlation for yield with harvest index and tiller number under both 

drought stress and non-stress irrigated condition. Manickavelu et al. (2006) reported 

significant and positive correlation of yield with tillers per plant, grains per panicle, 

test weight under both stress and control conditionwhereas, days to flowering, plant 

height, panicle length under stress condition showed positive significant correlation 

with yield. 

 These results shows that indirect selection for grain yield could be effectively 

done through direct selection of yield component characters like, productive tillers per 

plant, number of spikelets per panicle, number of filled grains per panicle, seed filling 

per cent and test weight selection become effective under drought condition. 
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5.2.1.1 Path coefficient analysis for yield attributing traits 

 Correlation coefficient gives an idea of association between characters. But a 

dependant character is an interaction product of many mutually associated component 

characters and change system. The path coefficient analysis is a statistical device 

developed by Wright (1921). It takes into account cause and effect relationship 

between the characters by partitioning the association into direct and indirect effect of 

independent traits on dependent trait. 

 In the present study days to 50 per cent flowering, number of tillers per plant, 

number of spikelets per panicle, seed filling per cent under both drought stress and 

control condition, days to maturity, number of productive tillers per plant, number of 

filled grains per panicle, and test weight under drought, whereas plant height under 

control condition exhibited positive direct effect on yield per plantat phenotypic level. 

The results were in accordance with Manickavelu et al. (2006) reported that, tillers 

per plant, panicle length, grains per panicle, 100 grain weight, and harvest index 

showed  positive direct effect on yield under both control and stress condition. Uday 

(2013) reported similar results that plant height, test weight, number of tillers per 

plant, number of productive tillers per plant, per cent spikelet fertility showed positive 

direct effect on yield under both control and moisture stress condition and in control 

condition days to 50 per cent flowering, days to maturity, panicle length exhibited 

positive direct effect on yield. 

 Among all these traits the test weight in drought and number of spikelets per 

panicle under control showed highest direct effect on yield per plant followed by seed 

filling per cent, and days to 50 per cent flowering. This indicates that, if other factors 

are held constant, an increase in test weight in drought stress and number of spikelets 

per panicle in control condition will reflect in an increased yield. The indirect effect 

of all these characters on grain yield was also high. These characters also exhibited 

highest positive correlation with yield per plant. The direct and indirect effects of 

these traits on yield leading to selection for enhancing yield under drought stress 

situation. Manickavelu et al. (2006) reported tillers per plant had highest direct effect 

on yield under drought condition and grains per panicle under control condition. 

 The residual effect (0.27 in drought and 0.68 in control) was less than 1, 

indicating that major variation in yield has been accounted by the characters studied 

that is the characters under study were appropriate. Similar results of low residual 

effect by Uday (2013). 

5.2.2 Correlation coefficients and path coefficient analysis among yield and 

physiological characters. 

 Even though the selection for yield is the main criteria under drought other 

secondary traits play an important role in drought tolerance selection for these traits 
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indirectly contribute to yield under drought stress situations. Physiological parameters 

play an important role in drought tolerance under stress condition. Hence knowledge 

of association between these drought tolerant traits and yield provide a powerful tool 

for selection under drought condition. 

 In the present study chlorophyll content, relative water content, proline 

content, root length, root to shoot ratio and root volume showed significant positive 

correlation with yield per plant under drought condition. Whereas leaf rolling under 

drought stress situation showed significant negative correlation. Manickavelu et al. 

(2006) also reported significant and positive correlation of yield with relative water 

content, root length and root to shoot ratio, but leaf rolling reported significant 

negative correlation with yield. Santosh et al. (2014) reported significant positive 

correlations with proline content and relative water content under drought stress 

environment. Beena et al. (2012) also found significant and positive correlations 

between yield and physiological traits like, proline content, chlorophyll stability 

index, biomass and relative water content under drought stress. 

 Based on the above discussion, it may be suggested that selection for 

productive tillers per plant, number of spikelets per panicle, number of filled grains 

per panicle, seed filling per cent, test weight, chlorophyll content, relative water 

content, proline content, root length, root to shoot ratio and root volume traits were to 

be given priority under drought stress condition as they exhibited positive and 

significant correlation with grain yield per plant. 

5.2.2.1 Path coefficient analysis for physiological parameters with yield 

 Path analysis of physiological characters contributing to drought tolerance on 

yield under stress situation helps know the effect of these parameters on dependent 

character yield. In the present study chlorophyll content, root length and root volume 

exhibited positive direct effect on yield under both drought stress and control 

condition. Under drought conditionrelative water content, proline content showed 

positive direct effect. Similar results were reported by Manickavelu et al. (2006) they 

showed relative water content and root to shoot ratio showed positive direct effect on 

yield. Uday (2013) reported that root length and root number had positive direct effect 

on yield. 

 Under drought condition path coefficient analysis of leaf rolling, shoot length 

and root to shoot ratio exhibited direct negative effect on yield. Manickavelu et al. 

(2006) also reported that leaf rolling showed negative direct effect on yield under 

drought. 

Among all these characters root length under drought and control condition 

exhibited highest direct effect on yield followed by proline content, relative water 
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content, and root volume under drought. This indicates selection for these traits under 

drought condition will give fruitful outcome.  

5.3 Genetic divergence among rice genotypes for grain yield and yield attributing 

characters 

 In order to study the diversity in 49 rice genotypes, 11 quantitative characters 

were considered and assessed using Mahalanobis’ D2analysis under drought and 

control condition. 

5.3.1 Genetic diversity in different groups 

 Based on D2 analysis 49 genotypes were grouped into 8 clusters under both 

drought and control condition. Under drought condition in cluster I had 3 genotypes,  

9 genotypes in cluster II, 5 genotypes in cluster III, one genotype in cluster IV, 13 in 

cluster V, 13 in cluster VI, 2 and 4 genotypes in cluster VII and VIII respectively. 

However in control condition 3 genotypes in cluster I and V, 8 genotypes in cluster II, 

1 in cluster III, 6 in cluster IV, 14 genotypes in cluster VI, 10 and 4 genotypes in 

cluster VII and VIII respectively. Uday (2013) reported 8 clusters under control and 

10 clusters in low moisture stress condition. Chanbeni et al. (2012) reported                          

9 clusters. This clustering pattern indicates the presence of wide range of diversity 

among genotypes.  

 The intra cluster distance varied from 54.19 in cluster I to a maximum distance 

of 107.67 in cluster V under drought stress. Under control condition intra cluster 

distance varied from 51.60 in cluster II to a maximum distance of 70.41 in cluster IV. 

This shows the presence of diverse genotypes in different clusters. 

 The inter cluster distance D2values also ranged widely with a minimum value 

of 85.38 between cluster I and III to a maximum value of 1466.23 between cluster IV 

and cluster VIII under drought stress. Under control condition minimum value of 

51.95 between cluster VI and V and maximum value of 1104 between cluster VII and 

VIII. Indicating high diversity among the studied genotypes. Cluster IV with 1 

genotype and cluster VIII with 4 genotypes were the most divergent groups with a 

maximum inter cluster distance (1466.23) under drought stress condition and cluster 

VII with 10 genotypes and cluster VIII with 4 genotypes were the most divergent 

groups with a maximum inter cluster distance (1104). It is desirable to select 

genotypes from these clusters showing high inter cluster distance for desirable traits 

and they can be used as parents in recombination breeding program to obtain wide 

variability and desirable segregants for drought stress as well as exploit hybrid vigour 

in hybrids.. 
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5.3.2 Cluster mean values 

 Indirect selection for yield improvement in any crop depends upon the 

selection of yield attributing traits which have direct positive effect on yield. Selection 

for these traits should done in the clusters which show highest cluster mean values for 

that characters. Under drought stress condition selection for days to 50 per cent 

flowering and days to maturity can be done from cluster VII, for number or total 

tillers and productive tillers selection from cluster VI, highest mean value for number 

for spikelets per panicle, number of filled grains per panicle, yield per plant, seed 

filling per cent and test weight was observed in the cluster VIII. Chanbeni et al. 

(2012) reported highest mean for days to 50 per cent flowering in cluster IV, plant 

height in cluster VI, tillers per hill and panicles per hill in cluster III, panicle length, 

spikelets per panicle and test weight in cluster IX. 

 Under control condition selection for days to 50 per cent flowering, number of 

tillers per plant, plant height from cluster VIII, number of spikelets per panicle from 

cluster VII and  highest seed filling per cent mean was recorded in cluster IV. So to 

improve particular trait and yield selection from these clusters is recommended. 

5.3.3Per cent contribution of characters towards divergence 

 Among  eleven characters studied filled grains per panicle (35.8%) contributed 

maximum towards divergence under drought followed by productive tillers per plant 

(25.34) and number of spikelets per panicle (11.39). under control condition days to 

50 per cent flowering (44.64%) contributed maximum followed by test weight (18.37) 

and number of spikelets per panicle (10.54) under control condition. Chanbeni et al. 

(2012) and Aishwarya et al. (2014) have observed highest contribution by spikelets 

per panicle (40.95% and 64.04). Uday (2013) observed highest contribution by grain 

yield followed by number of spikelets per panicle and per cent spikelet fertility under 

both control and water stress condition. 

5.4 Per cent difference in physiological parameters contributing to drought 

tolerance between stress and control condition 

 Lowest per cent difference for chlorophyll content and relative water content 

was recorded in genotypes Tonnur, Akkalu, Madras sanna, Sannavalya, Manjakaime, 

JGL 1798, Najarbad, Anagha, Gangadace. These lines can be selected for drought 

stress condition. Santhosh et al. (2015) observed that rice genotypes IR88964-24-2-1-

4, IR88964-43-1-1-4, IR88964-11-2-2-3 and IR88964-B-127-CRA-5-1-1 had higher 

chlorophyll content in comparison to other genotypes and check varieties under 

drought stress condition. Mohan et al. (2000) stated that the chlorophyll content was 

an indication of stress tolerance capacity of plants, its high value under drought 

condition shows that the stress did not have much effect on chlorophyll content they 

were selected as tolerant plants.  
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 The lowest per cent difference for proline content between control and drought 

stress was recorded in Doddiga, Madras sanna, JGL-1798, Sannavalya, Manjakaime, 

Gangadace, Najarbad and Anagha. Jabasingh and Saravanababu (2013) reported that 

accumulation of more proline during water stress adversely affect the growth and 

development and the biochemical contents of rice because of reduced photosynthesis 

in the leaves by the water stressed plants. 

 Sannavalya, Manjakaime, Gangadace, Najarbad,Madrassanna, JGL-1798 and 

Anagha are the common genotypes which possessed less difference with respect to 

both the traits chlorophyll content and proline content, these genotypes can be 

recommended under drought condition in order to obtain stable yields. 

5.4.1 Drought tolerant genotypes 

 Drought tolerant genotypes identified in the present study are Sannavaalya, 

Manjakaime, JGL-1796, Gangadace, Madras sanna and Najarbad. These lines 

possessed highest yield, number of productive tillers per plant, number of filled grains 

per panicle, seed filling per cent, test weight, chlorophyll content, root length, root 

volume, root to shoot ratio, relative water content and lowest leaf rolling under 

drought condition. They also exhibited less percent difference between drought and 

control condition for all the physiological and root traits. Hence, these lines are 

considered as drought tolerant genotypes. Abd Allaha et al. (2010) reported that, they 

identified 13 best entries under drought condition because, as these lines possessed 

useful traits associated with drought tolerance such as early maturity (drought escape 

mechanism), medium tillering ability, medium plant height, root depth, root thickness, 

root volume, root to shoot ratio, plasticity in leaf rolling and unrolling (drought 

avoidance mechanism), in addition to crop water use efficiency and water application 

efficiency. 

Conclusion 

The present study was conducted to tackle the problem of climate change by 

identifying and providing diverse parents for drought tolerance breeding. The 

genotypes Sannavalya, Manjakaime, Gangadace, Najarbad, Madras sanna and JGL-

1796 were genetically diverse and exhibit drought tolerance. These lines performed 

better under drought condition in terms of yield attributing traits like productive tillers 

per plant, number of spikelets per panicle, number of seeds per panicle, yield per plant 

and test weight.  Highest inter cluster distance was observed between cluster VIII and 

cluster IV parents for hybridization can be selected from these clusters.Highest 

chlorophyll content, root length, root volume, relative water content and lowest leaf 

rolling score was recorded in genotypes Sannavalya, Manjakaime, Gangadace, 

Najarbad, Madras sanna and JGL-1798. Hence, these lines showed better tolerance to 

drought.  
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Future line of work 

 Based on the results obtained from the present investigation following future 

line of work can be suggested. 

 The identified genotypes Sannavalya, Manjakaime, Gangadace, Najarbad, 

Madrassanna, JGL-1798 were genetically diverse and exhibit drought 

tolerance. These genotypescan further be subjected to molecular analysis to 

obtain the information of genetic distance among genotypes and analysis for 

the QTL’s for drought and its related traits. 

 Identified genotypes can be subjected to stability analysis in different locations 

in order to check their performance under drought conditions. 

 The drought tolerant genotypes identified from the present study can be 

subjected to biochemical analysis in order to confirm their tolerance level. 

 Diverse genotypes which grouped under different clusters can be used in 

recombination breeding to exploit hybrid vigour and selection of superior 

segregants for high yielding and drought tolerance. 
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Plate 1a: An overview of experimental plot at vegetative stage 

 

 

Plate 1b: An overview of experimental plot at reproductive stage under drought 

condition 



 

Plate 2: Root studies under PVC pipes of 49 genotypes of rice 

 

 

 

 

 

 



 

 

 

 

 

 

 

           

                          

 

 

 

 

     

                                Summary 



 

VI SUMMARY 

The present study aimed to assess the genetic diversity in local land races of 

rice with 49 genotypes including checks, available at Department of Genetics and 

Plant Breeding, UAHS, Shivamogga. The field experiment was conducted in the 

experimental plots of Department of Genetics and Plant Breeding, UAHS, 

Shivamogga. Root study was carried out in PVC pipes. The objectives was to assess 

genetic variability, heritability and genetic advance, association among yield and yield 

attributing characters, association between yield and physiological parameters and 

genetic divergence among the genotypes under drought stress and control condition. 

The observations were recorded on days to 50 per cent flowering, days to 

maturity, number of total tillers per plant, number of productive tillers per plant, 

number of spikelets per panicle, number of filled grains per panicle, panicle length 

(cm), plant height (cm), seed filling per cent, test weight (gm), chlorophyll content 

(spad readings), leaf rolling, proline content, relative water content (%), root length 

(cm), shoot length (cm), root to shoot ratio, root volume and yield per plant (gm).  

Analysis of variance exhibited significant difference among the genotypes to 

all the characters studied under both drought stress and control condition. 

Environmental influence was less on expression of characters as evidenced by narrow 

gap between PCV and GCV for majority of characters. A high range of variation, high 

GCV, PCV, with high heritability at broad sense coupled with high genetic advance 

average mean was recorded for days to 50 per cent flowering, number of productive 

tillers per plant, number of spikelets per panicle, number of filled grains per panicle, 

yield per plant, seed filling per cent and test weight under both drought stress and 

control condition.  

The yield per plant was significantly and positively correlated with productive 

tillers per plant, number of spikelets per panicle, number of filled grains per panicle, 

seed filling per cent, test weight, chlorophyll content, relative water content, proline 

content, root length, root to shoot ratio and root volume under drought stress 

condition. Whereas under control condition days to 50 per cent flowering and seed 

filling per cent showed positive significant correlation with yield at phenotypic level. 

The traits; test weight, root length in drought and number of spikelets per panicle 

under control showed highest direct effect on yield per plant followed by seed filling 

per cent and days to 50 per cent flowering, proline content, relative water content and 

root volume.  

The 49 rice genotypes in field experiment were grouped into eight clusters 

under both drought stress and control condition based on Mahalanobis’ D2statistics 

and Tocher method. The maximum number of genotypes were found in cluster V (13) 
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followed by cluster VI (12) in drought stress and cluster VI (14) followed by cluster 

VII (10) under control condition. The intra cluster distance varied from 54.19 in 

cluster I to a maximum distance of 107.67 in cluster V under drought stress. Under 

control condition intra cluster distance varied from 51.60 in cluster II to a maximum 

distance of 70.41 in cluster IV. This shows the presence of diverse genotypes in 

different clusters. The maximum inter cluster distance was observed between cluster 

VIII and cluster IV in drought and between cluster VIII and cluster VII under control 

condition indicating high diversity among genotypes. 

The selection and choice of parents mainly depends upon contribution of 

characters towards divergence. Among 11 characters studied number of filled grains 

per panicle under drought and days to 50 per cent flowering under control condition 

contributed maximum to diversity. 

The genotypes Madras sanna, JGL-1798, Sannavaalya, Manjakaime, 

Gangadace, Najarbad can be utilized for further breeding program to obtain suitable 

varities for drought as these genotypes showed more number of productive tillers per 

plant, more number of filled grains per panicle, seed filling per cent, test weight, root 

length, root volume, less leaf rolling under drought condition than checks. They also 

exhibited less per cent difference between drought and control condition for 

physiological parameters chlorophyll content, proline content and relative water 

content. Higher yield per plant was also observed in these lines and their performance 

under drought stress was almost on par with the drought tolerant check Anagha. 
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VIII APPENDIX 

Appendix I: List of 49 local land races of rice taken for study 

Line No. GENOTYPES Line No. GENOTYPES 

1 MADRAS SANNA 26 BAIGAN MANJU 

2 SELUM SANNA 27 MANJA KAIME 

3 DELHI BOG BATTA 28 HONASU 

4 NAVARA 29 DODDIGA 

5 JGL 1798* 30 GILISALLE 

6 RASAKADARI 31 RAJAKAIME 

7 LAL KADE RICE 32 MALGUDISANNA 

8 TONNUR 33 MOTTAIKAR 

9 KADU VALAI 34 GANDHASALE 

10 MORADHI 35 VELAIPONNI 

11 AKKALU 36 AMBIMOHARI 

12 DOPPA VAALYA 37 VIJAYNANDED 

13 KANGALLI 38 GANGADACE 

14 KARANGARAV 39 KATARU 

15 KALLURANDIKAR 40 SHARAVATI KEMPAKKI 

16 SANDUKAAR 41 KEMPUTADI 

17 CHAMPAKALI 42 SANNABATHA 

18 NAARIKELA 43 THOGARSI 

19 KARURAI KALANJI 44 NAJARBAD 

20 RAJAMANI 45 BETTADEYAN 

21 SAMBAMA SANNA 46 KAGGA 

22 SHASHTI 47 ANAGHA* 

23 BANGLA RICE 48 JYOTI* 

24 SANNAVALYA 49 POUSTIC 9* 

25 HASUDI   

* Improved lines / checks 
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