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Breeding for drought resistance in rice: an integrated view from physiology to genomics R. Chandra Babu



Abstract Drought is a major constraint affecting rice production, especially in rainfed areas across Asia, Africa and South America. Development of drought resistant varieties will considerably improve rainfed rice production. Rice breeding programs focusing on drought resistance by direct selection for yield under stress have made little progress to date. Incorporation of secondary traits contributing in drought resistance will hasten development of cultivars with improved performance under water-limiting environments. Root traits such as thickness, depth and penetration ability help to avoid drought by increased water uptake from deeper soils.Greater hydraulic conductance, xylem thickness and osmotic adjustment are secondary root traits enable better extraction of available soil moisture. However, use of most root traits as selection indices in breeding programs using phenotypic measurements still entails huge investments in field nurseries or green house facilities, demanding in labour and is prone to problems of repeatability due to environmental variability. One promising approach is to map genetic loci (quantitative trait loci/QTLs) linked to root traits and use marker-assisted breeding (MAB) strategy. QTLs for many drought resistance traits consistent across environments and genetic backgrounds have been mapped in rice. Some of these QTLs co-locate with QTLs for yield and yield components under stress and are introgressed into elite lines using MAB. The introgression lines performed better under drought are released as high yielding varieties suitable for rainfed ecosystems. Keywords: Rice, drought resistance, QTLs, marker assisted breeding



Introduction Rice is the staple food for more than 3 billion people in Asia, where more than 90% of the world’s rice is produced and consumed (Li and Xu, 2007). It is grown worldwide in 154 million hectares (m ha) and more than 45% of the area is in rainfed ecosystems, where yields are seriously affected by drought (IRRI, 2002). Of world’s rainfed lowland rice area of 41 m ha, 95% is in Asia (IRRI, 1995). The rice yields in these ecosystems remain very low at 1.0– 2.0 t ha−1 and tend to be unstable due to erratic and unpredictable rainfall. Drought is the most important source of climate-related risk for rice production in rainfed areas (Pandey et al. 2007). The 2002 drought in India reduced its rice production by 17 million tons (mt), 20% of annual production. The recent drought (-23% deficit in rainfall) during kharif 2009 affecting 50% of the districts in India has been estimated to cause a loss of 11 m t in rice production. The increasing threat from water shortage and drought in many rice-growing areas of Asia, particularly the rainfed areas, has posed a great Dept. of Plant Molecular Biology & Biotechnology, Tamil Nadu Agricultural University, Coimbatore - 641 003, India, Email: [email protected]



challenge to rice breeders to develop droughttolerant and/or water-saving rice cultivars (Zhao et al. 2008). Drought resistance Drought mitigation, through development of drought-resistant rice varieties with higher yields suitable for water-limiting environments will be a key to improve rice production and ensure food security to 3 billion people in Asia. The progress in genetic improvement of rice for water-limiting environments, however, has been slow and limited (Evenson and Gollin 2003) due to poor understanding of the inheritance of mechanisms of tolerance and lack of efficient techniques for screening breeding materials for drought tolerance (Khush 2001). Alternatively, selection for droughtresistance traits has been suggested. The effectiveness of selection for secondary traits to improve yield under water limiting environments has been successfully demonstrated for anthesis-silking interval in maize (Liu et al. 2010), water use efficiency in wheat (Condon et al. 2004) and stay greenness in sorghum (Harris et al. 2007). However,
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few programs explicitly incorporate a drought tolerance screening step as part of their routine drought breeding activity, despite the considerable effort that has been made on the genetic and physiological analysis of traits considered to be related to genotypic differences in drought tolerance (Bernier et al. 2008). In recent years, crop physiology and genomics have led to new insights in drought tolerance providing breeders with new knowledge and tools for plant improvement (Tuberosa and Salvi, 2006). Drought resistance is improved either if the crop is able to access more water or if it can use available water more efficiently (higher transpiration efficiency) (Passioura, 2006). Several secondary traits are known to contribute in drought resistance in rice. Most of the secondary traits (e.g., root traits, leaf water potential, epicuticular wax, osmotic adjustment etc.,) have moderate to high heritabilities under stress indicating the possibility of incorporating them into breeding program (Kumar et al. 2008). Certain secondary traits such as LWP had good correlation (r = 0.69) with yield under stress as well in rice (Jongdee et al. 2006). Drought characterization Characterization of drought environment, matching phenology, high potential yield and inbuilt drought resistance are vital for successful crop production in water-limiting conditions. Drought types, particularly timing and intensity, are important in determining specific plant traits required to improve drought resistance. Drought stress induces a series of complex responses beginning with stress perception, signal transduction and manifestation of responses at the cellular, physiological, and developmental levels. The set of responses observed depends upon the crop stage, severity and duration of the stress. When evaluating the usefulness of traits to increase grain yield, it is important to consider phenological development, which has an overriding effect on the grain yield under water limiting condition (Fukai and Cooper, 1995). The reproductive development in plant is highly vulnerable to water deficit (Saini and Westgate, 2000). Yambao and Ingram (1988) reported yield reduction upto 70% upon imposing drought for 15 days at panicle initiation stage, and 88% and 52% reduction when stressed at flowering and grain filling stage, respectively. Stress early during panicle initiation can delay or completely inhibit flowering, both through inhibition of floral induction and development (Saini and Westgate, 2000). Within this period two sensitive peaks have been reported, one being the period around pollen mother cell meiosis and tetrad break up and the second is anthesis to initial stage of grain



development. Pollen formation in rice is highly vilnerable to drought stress (Nguyen and Sutton, 2009). Stress at meiotic stage causes pollen sterility, failure of pollination, spikelet death or zygotic abortion, but female fertility is affected only under extreme stress. O`Toole and Namuco (1983) have reported reduced panicle exsertion when stressed at around panicle exsertion period. Panicle exsertion depends on the peduncle elongation, the uppermost internode of the stem. The spikelets in the unexserted portion of panicle remain sterile (Mackill et al. 1996). Rapid peduncle elongation occurs when the panicle attain its full length. Drought causes a reversible inhibition on peduncle elongation. Therefore under drought stress, the peduncle elongation is blocked and upon rewatering, the growth continues but the peduncle doesn’t achieve its full length (Ji et al. 2005). So a part of the panicle is trapped inside the flag leaf and these unexserted spikelets become sterile. They also found that up to 30% of this spikelet sterility was associated with poor panicle exertion resulted mainly due to the failure in peduncle elongation thereby trapping the spikelets inside flag leaf sheath .A delay in flowering is usually observed under reproductive stage drought stress (Ouk et al. 2006). Genotypes that flower early, generally escape the terminal drought. So short duration varieties can avoid the terminal drought as they mature early and thus minimize the yield loss due to drought (Kumar and Abbo, 2001). Pantuwan et al (2002) found significant delay in flowering among genotypes under drought stress, which had similar flowering time under irrigated condition. The delay was negatively associated with grain yield, harvest index, fertile panicle and filled grain percentage. Traits associated to drought resistance in rice have been reported by many researchers and a number of authors have reviewed such traits (Fukai and Cooper 1995; Nguyen et al. 1997; Price et al. 2002; Bernier et al. 2008). These reviews indicate that increased water collection by deeper roots, restricting water loss from shoots through thicker cuticle deposition and reduced leaf area and tissue level tolerance such as osmotic adjustment are major components of drought resistance in rice. Most of these traits are related to a drought avoidance strategy, so that the drought resistant genotypes are able to maintain higher internal water status, mainly taking up more water through a better root system and/or to an extent by reducing plant water loss (Serraj et al. 2009). There is large genetic variation for most drought resistance components such as root morphology (Babu et al. 2001), osmotic adjustment
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and dehydration tolerance (Lilley and Ludlow, 1996) among rice germplasm thus, providing scope for improvement of drought resistance by incorporating these traits as selection criteria in breeding. However, phenotypic selection of drought resistance traits is still far from practice. QTL mapping for drought resistance Though several putative traits contributing to drought resistance in rice have been proposed (Bernier et al. 2008), these traits are rarely selected for in breeding programs as phenotypic selection for these traits is time- and labour-intensive and demanding in cost. Many phenotypic traits that confer resistance for abiotic stress are controlled by many genes and are known as quantitative traits. The regions within genome that contain genes associated with a particular quantitative trait are known as quantitative trait loci (QTLs) (Collard et al. 2005). Compared to conventional approaches, genomics offer unprecedented opportunities for dissecting quantitative traits into their single genetic determinants, the so called QTLs thus paving the way to marker assisted selection (MAS) and eventually, cloning of QTLs and their direct manipulation via genetic engineering (Tuberosa and Salvi, 2006). The advent of molecular markers has revolutionized the genetic analysis of complex traits such as drought resistance in crop plants. Molecular markers help to track the genetic loci controlling drought-resistance traits without having to measure the phenotype, thus reducing the need for extensive field testing over space and time (Nguyen et al. 1997). Once the tightly linked markers have been identified, the QTLs can be selected for in breeding programs using MAS. Numerous QTLs linked to various drought resistance component traits have been mapped so far in rice using more than15 mapping populations (Kamoshita et al. 2008). These populations have been screened for different drought resistance traits grown under different stress protocols. To start with, QTLs for leaf rolling, root related traits and osmotic adjustment have been mapped in recombinant inbred (RI) lines of Co39 x Moroberekan (Champoux et al. 1995; Ray et al. 1996; Lilley et al. 1996). QTLs for root and certain physio-morphological traits were mapped using RI lines of Bala x Azucena (Price et al. 2000). QTLs for root traits and plant production traits have been mapped using doubled haploid (DH) lines of IR64 x Azucena (Yadav et al. 1997; Courtois et al. 2000; Hemamalini et al. 2000; Venuprasad et al. 2002). A DH line population derived from CT9993-5-10-1 and IR62266-42-6-2, has been extensively used by many researchers in



mapping QTLs for root traits, osmotic adjustment (Kamoshita et al. 2002; Nguyen et al. 2004), cell membrane stability (Tripathy et al. 2000), epicuticular wax (Srinivasan et al. 2008). Further, some of the mapping populations were used in mapping QTLs for traits associated with reproductive stage drought resistance. A set of 187 RI lines of Zanshan97B x IRAT109 were used to map QTLs for flag leaf and panicle characteristics under reproductive stage drought stress (Liu et al. 2008; Yue et al. 2008). Most QTL mapping studies were conducted employing populations derived from indica × japonica parental lines and majority of the positive alleles for drought-resistance traits were contributed by japonica parents. Since indica and japonica ecotypes are grown in entirely diverse environments, japonica alleles may not be expressed in lowland ecosystem (Wang et al. 1994; Redona and Mackil 1996; Yano and Sasaki 1997). Hence, it is desirable to look for genetic variation among rice accessions within indica ecotypes (Ingram et al. 1994) and map QTLs using populations derived from indica rice lines adapted to the target population of environments. The indica × indica derived rice populations have been utilized in few QTL mapping studies till date (Ali et al. 2000; Kamoshita et al. 2002a and b; Manickavelu et al. 2006; Biji et al. 2008). QTL mapping of drought resistance traits using locally adapted indica rice lines is reported recently from China and India (Yue et al. 2006; Gomez et al. 2009). However, identification of QTLs linked to yield under drought stress in target population of environment is critical. QTLs - application in breeding Numerous QTLs linked to various drought resistance and plant production traits under stress have been mapped in rice. Although these results indicate the map positions of QTLs associated with drought resistance traits, effects of those traits on plant production under drought has to be established. By comparing the coincidence of QTLs for specific traits and QTLs for plant production under drought, it is possible to test the significance of constitutive or adaptive response to improve drought resistance at field level (Lebreton et al. 1995). Fewer QTLs associated with yield under managed drought stress have been mapped in rice (Babu et al. 2003; Lafitte et al. 2004; Lanceras et al. 2004). Kumar et al. (2007) assessed the potential for improving yield under drought stress via direct selection and identified QTLs associated with yield under stress in CT9993 x IR62266 DH lines. Among the 18 QTLs identified for 11 traits, one QTL on chromosome 1 for grain yield explained a genetic variation of 32% for yield under stress. Gomez et al. (2006) mapped
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QTLs linked to yield under stress using Bala x Azucena RI lines. A QTL on chromosome 3 was linked to yield under stress, days to 50% flowering and leaf drying. A comparison of QTLs for various drought resistance and plant production traits under stress identifed in different populations of rice was made (Kanagaraj et al. 2010). The RM212-RM302RM3825 region (135.8 to 143.7 cM) on chromosome 1 of rice has been reported to be linked with several drought resistance traits in rice such as plant height, biomass, deep root mass, leaf drying, relative water content, osmotic adjustment, basal root thickness, tiller number and deep root to shoot ratio, grain yield, plant height and panicle length and leaf drying, canopy temperature and plant height in IR20/Nootripathu rice RI lines under drought stress (Gomez et al. 2009; Kanagaraj et al. 2010). Babu et al. (2003) reported that this region was associated with RWC under stress in CT9993/IR62266 doubled haploid (DH) lines and root length, root thickness and root weight in Bala/Azucena RI lines of rice (Price et al. 2000). Kanbar et al. (2002) found this region to be linked to panicle length in CT9993/IR62266 DH lines and days to 50% flowering in Vandana/Way rarem RI lines (Price et al. 2000) under stress. Kamoshita et al. (2002a) reported QTLs for root depth, penetrated root thickness, deep root to shoot ratio, deep root dry weight, deep root per tiller and deep root mass to be associated with RM212 on chromosome 1 in CT9993/IR62266 DH lines and also a QTL for osmotic adjustment was reported to be close to this region in IR62266/IR60080 back cross progenies (Robin et al. 2003). This region was found to be associated with root volume (Qu et al. 2008) and basal root thickness in IRAT109/Yuefi RI lines (Li et al. 2005) and leaf drying in Zhenshen/IRAT109 RI lines in rice (Yue et al. 2006). Hittalmani et al. (2003) reported that the genomic region of 7.9 cM (135.8-143.7 cM) in chromosome 1 was associated with drought resistance traits such as leaf rolling, number of spikelets, heading date and harvest index in IR64/Azucena in rice DH lines. Xing et al. (2002) reported the QTLs for biomass and root dry weight to be associated with RM212 in Zh97/Ming63 RI lines. The major gene controlling the semi-dwarf stature, sd-1, was located near RZ730 (Huang et al. 1996). This gene is known to affect many aspects of plant morphology and physiology viz, plant height (Bernier et al. 2007), stomatal conductance (Zhao et al. 2008) tillering, panicle length, responsiveness to fertilizer, biomass and harvest index through pleiotropic effects (Xia et al. 1991; Courtois et al. 1995) as well as root system development (Yadav et



al. 1997). The same region was also reported to contain QTL for cold (Lou et al. 2007) and salt (Lang et al. 2008) tolerance in rice. Thus, RM212 may be linked to drought-resistance traits and plant production under water stress in rice. A meta-analysis of QTLs linked to physiomorphological traits and yield under drought stress published so far in CT9993/IR62266 DH population was done in a recent review by Kamoshita et al. (2008). The analysis was conducted with emphasis to CT9993/IR62266 DH population along with QTLs from 14 other rice populations. Four genomic regions on chromosome 1, 4, 8 and 9 were detected to have putative QTLs for drought resistance traits as well as integrative yield traits under drought stress (Kamoshita et al. 2008). The QTLs on chromosome 1 and 8 had positive impact on rice performance under drought through plant architecture, potential yield, phenology and are more adapted to intermittent drought stress scenario typical most rainfed lowland ecosysytems of Asia. On the other, QTLs on chromosome 4 and 9 influenced yield favourably through drought avoidance strategy primarily due to deeper roots. During the last 15 years, a large number of QTLs controlling rice root traits have been detected in several mapping populations. A total of 675 QTLs linked to 29 root parameters from 12 populations were subjected to meta-QTL analusis recently (Courtois et al. 2009). The meta-QTL reduced the confidence interval for maximum root length on chromosome 9 to a length of 20 kb. These QTL regions, once fine mapped will be useful in MAS and map based cloning of genes for drought resistance improvement. QTLs for yield under drought Yield being the ultimate aim, recent studies focus mapping QTLs for yield under drought stress directly without analysing the mechanisms conferring drought resistance. Bernier et al. (2007) reported a large effect QTL for grain yield under reproductive stage stress in upland rice. It was detected on chromosome 12, located between the SSR markers RM28048 (42.5 cM) and RM511 (55.5 cM), in a population of 436 random F3 derived lines from a cross between Vandana and Way Rarem from experiments conducted for 2 years.. In this study, QTLs for biomass, harvest index, days to flower, plant height, flowering delay, drought response index and panicle number under stress were mapped in the same region. The qtl12.1 explained 51% of genetic variance for grain yield and also a large proportion of genetic variance for other related traits. The effect of this QTL has been tested in 10 field trials in Philippines and eastern India (Bernier et al.
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2009a). It was reported that the qtl12.1 improved yield in most of the upland trials where the drought stress was severe or moderate except for one trial which was severely stressed, thus proving the large and consistent effect of this locus on grain yield under upland drought conditions, in a range of environment. Further the physiological mechanisms by which qtl12.1 affects grain yield have been studied (Bernier et al. 2009b). The study reveals that the qtl12.1 influences water uptake under upland stress and increases harvest index. Three QTL regions viz., RM6703, RM520 and RM511, respectively on chromosomes 1, 3 and 12 were found have significant effect on yield under drought stress in different genetic backgrounds. These loci need to be fine mapped and their effects further characterized in other populations in order to determine their potential deployment via MAS for improving drought resistance (Venuprasad et al. 2009). Four QTLs for spikelets per panicle colocating with those of number of grains per panicle have been mapped and validated in near isogenic background in rice leading to the possibility of map based cloning of genes for these two yield components in rice (Zhang et al. 2009). Marker Assisted Selection Selection for most secondary traits in a breeding program using phenotypic measurements still entails extensive investments in field nurseries or green house facilities, labour intensive and is prone to problems of repeatability due to environmental variability (Nguyen et al. 1997). One promising approach is to map QTL influencing drought resistance traits and crop productivity in stressful environments. Once the tightly linked markers have been identified, they can be used to develop MAS strategy for breeding applications. QTLs for many putative drought resistance traits have been mapped in several rice lines. Several of these QTLs are consistent across environments and genetic backgrounds indicating that they are evolutionarily conserved in rice germplasm as an adaptive response to drought stress. Interestingly, certain QTLs associated with drought resistance traits co-locate with QTLs linked to yield and yield components under stress. For instance, QTL regions RZ19RZ909, RG938–RG620, RG978–RG598 and R41– RM242 respectively, on chromosomes 1, 4, 8 and 9 were consistently identified by several research groups using different mapping populations that influence a range of drought resistance traits and yield and its components under drought stress in rice (Kamoshita et al. 2008; Courtois et al. 2009; Kanagaraj et al. 2010). Genomic regions mapped for several drought resistance traits such as root traits,



phenology and yield and its components under water stress in the same locus would be important QTLs since they not only govern drought tolerance but also are responsible for grain yield under stress (O’Toole, 2004). These alleles with effects across different drought situations and genetic backgrounds are valuable and might be possible candidates for MAS. However, many research steps are required from QTL discovery to the practical application of markers in a breeding program. The three main research areas include: QTL confirmation, broadrange QTL testing and marker validation which are collectively referred to as QTL application research. Precision phenotyping is critical to the success of QTL but unfortunately, the importance of refining and development of new methods for precise phenotypic measurements is often neglected in the genomics era (Collard et al. 2008). If MAS-based approaches to improvement of rice cultivars for drought tolerance are to be practical, it is likely that they will be based on the introgression of alleles with large, additive effects on yield under stress. QTLs with these characteristics have been recently reported by several groups (Bernier et al. 2008). The QTL on chromosome 9 between markers RM316 and RM219 was consistent and stressspecific, explaining 14–25% of the total phenotypic variation (Yue et al. 2006). A yield-enhancing drought resistance QTL with the largest effect was identified recently in rice (Bernier et al. 2007). This QTL located on chromosome 12 between markers RM28048 and RM511 explained 51% of the genetic variance for grain yield under drought stress in flowering and grain-filling stages under field conditions. In rice, despite the small number of consistent QTLs for use in MAS, a few attempts to introgress QTLs linked to drought resistance into elite varieties have been made (Price, 2002; Courtois et al. 2003). Most efforts to improve drought tolerance of rice through MAS has been devoted to the use of root-related QTLs. Large chromosomal segments corresponding to QTLs associated with root length from a upland variety, Azucena were introgressed into the IR64 background. Most of the lines carrying the desired introgressions failed to have deeper roots than IR64 (Shen et al. 2001). The lack of effect of the QTLs on root length may be because those QTLs were responsible for a small proportion of the total phenotypic variation (6–18%) and had not been finemapped. These results indicate that only finemapped alleles with large confirmed effects on performance under stress are appropriate targets for MAS (Bernier et al. 2008).
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MAS to introgress QTLs controlling root traits into an Indian upland rice variety was successfully demonstrated by Steele et al. (2006). They introgressed five QTL regions associated with root traits from Azucena into Kalinga III. The target QTL on chromosome 9 (RM242-RM201) significantly increased root length under drought stress and nonstress conditions confirming that this QTL from Azucena finctions in a novel genetic background. This QTL was found to improve root penetration ability as well (Clarke et al. 2008). The study showed that a single backcross will result in higher frequency of segregants with desirable alleles when adapted line is used as a recurrent parent (Steele et al. 2004). Such marker evaluated selection in target ecosystem with farmers participation resulted in development and release of improved rice variety viz., Birsa Vikas Dhan 111 in Jharkhand (Steele et al. 2007). QTL associated with root traits from a DH line of CT9993 xI R62266 are being introgressed into RD6, a popular rice variety in Thailand through MAS. QTLs linked to root traits from chromosome 4, 8 and 9 are being introgressed into IR20 and IR64 using MAS in TNAU, Coimbatore. Near isogenic lines of IR62266 introgressed with QTL for root penetration ability and basal root thickness from chromosome 4 of CT9993 through MAS were field tested recently and results showed improved performance of the NILs as compared to recurrent parent (Chandra Babu, unpublished). Looking into the future Presently, a large number of markers are available and populations of more agronomically important varieties can be employed as parents (Courtois et al. 2003). A more extensive survey of drought-resistant rice germplasm will hopefully lead to the identification of lines carrying major genes conferring drought resistance. Such a survey is currently being performed at IRRI and is yielding encouraging results (Bernier et al. 2007). The improvement of drought tolerance should not be achieved with a parallel limitation of yield potential (Cattivelli et al., 2008). QTLs for drought-related traits coincident with QTLs for yield potential should be considered as priority targets for MAS (O’ Toole, 2004). A number of QTLs are identified for several drought resistance traits. Key genomic regions have been identified that co-locate with QTLs for traits that directly or indirectly impact grain yield under stress. These regions, once fine mapped, appear promising for the eventual use in MAS and/or map based cloning of genes for development of drought resistant rice varieties. In



addition to selection for specific traits or specific genomic regions, direct selection for yield under drought itself appears useful. General adaptability and acceptability of genotypes hastens development and further adoption of high yielding rice lines suitable for rainfed environments. References Ali ML, Pathan MS, Zhang J, Bai G, Sarkarung S and Nguyen HT 2000 Mapping QTLs for root traits in a recombinant inbred population from two indica ecotypes in rice. Theor Appl Genet 101:756–766 Babu, R. C., B. D. Nguyen, V. Chamarerk, P. Shanmugasundaram, P. Chezhian, P. Jeyaprakash, S. K. Ganesh, A. Palchamy, S. Sadasivam, S. Sarkarung, L. J. Wade and H. T. Nguyen. 2003 Genetic analysis of drought resistance in rice by molecular markers: association between secondary traits and field performance. Crop Sci., 43:1457-1469 Babu RC, Shashidhar HE, Lilley JM, Thanh ND, Ray JD, Sadasivam S, Sarkarang S, O’Toole JC, Nguyen HT 2001 Variation in root penetration ability, osmotic adjustment and dehydration tolerance among accessions of rice adapted to rainfed lowland and upland ecosystems. Plant Breed 120:233–238 Berni J, Kumar A, Venuprasad R, Spaner D and Atlin G 2007 A large-effect QTL for grain yield under reproductive-stage drought stress in upland rice. Crop Sci 47:507–518 Bernier J, Atlin GN, Serraj R, Kumar A and Spaner D 2008 Breeding upland rice for drought resistance. J Sci Food Agric. 88:927–939 Bernier, J., A. Kumar, R. Venuprasad, D. Spaner, S. Verulkar, N. P. Mandal, P. K. Sinha, P. Peeraju, P. R. Dongre, R. N. Mahto and G. Atlin. 2009a. Characterization of the effect of a QTL for drought resistance in rice, qtl12.1, over a range of environments in the Philippines and eastern India. Euphytica, 166: 207-217 Bernier, J., R. Serraj, A. Kumar, R. Venuprasad, S. Impa, R. P. V. Gowda, R. Oane, D. Spaner and G. Atlin. 2009b. The large-effect drought-resistance QTL qtl12.1 increases water uptake in upland rice. Field Crops Research, 110: 139-146 Biji KR, Jeyaprakash P, Ganesh SK, Senthil A, Babu RC 2008 Quantitative trait loci linked to plant production traits in rice under drought stress in a target environment. ScienceAsia 34:265–272 Cattivelli



LG, Rizza F, Badeck FW, Elisabetta, Mazzucotelli, Mastrangelo AM, Francia E, Mare` C, Tondelli A and Stanca AM 2008



1138



Electronic Journal of Plant Breeding, 1(4): 1133-1141 (July 2010) Drought tolerance improvement in crop plants: An integrated view from breeding to genomics. Field Crops Res. 105:1–14



Fukai S and Cooper M 1995 Development of droughtresistant cultivars using physio-morphological traits in rice. Field Crops Res 40:67–86



Champoux, M.C., G. Wang, S. Sarkarang, D.J. Mackill, J.C. O’Toole, N. Huang and S.R. McCouch, 1995. Locating genes associated with root morphology and drought avoidance in rice via linkage to molecular markers. Theor. Appl. Genet., 90: 961-981



Gomez MS, Kumar SS, Jeyaprakash P, Suresh R, Biji KR, Boopathi NM, et al. 2006 Mapping QTLs linked to physio-morphological and plant production traits under drought stress in rice in the target environment. Am. J. Biochem Biotechnol. 2:161–169



Clark L.J, Price A.H , Steele K.A, and Whalley W.R. 2008 Evidence from near-isogenic lines that root penetration increases with root diameter and bending stiffness in rice. Functional Plant Biology, 35: 1163–1171



Gomez,



Condon AG, Richards RA, Rebetzke GJ and Farquhar GD 2004 Breeding for high water-use efficiency. J Exp Bot 55:2447–2460 Courtois B, Huang N, Guiderdoni E 1995 RFLP mapping of genes controlling yield components and plant height in an indica X japonica doubled haploid population. In: Proceedings of the International Rice Research Conference, Los Banos, 13–15 February 1995, pp 963–976 Courtois B, McLaren G, Sinha PK, Prasad K, Yadav R and Shen L 2000 Mapping QTL associated with drought avoidance in upland rice. Mol Breeding, 6:55–66 Courtois B, Shen L, Petalcorin W, Carandang S, Mauleon R and Li Z 2003 Locating QTLs controlling constitutive root traits in the rice population IAC 165×Co39. Euphytica 134:335–345 Courtois B, Ahmadi N, Khowaja F,& Price A.H,Rami J.F, Frouin J, Hamelin C and Ruiz M 2009 Rice Root Genetic Architecture: Meta-analysis from a Drought QTL Database.Rice 2:115-128 Collard, B. C. Y., M. Z. Z. Jahufer, J. B. Brouwer and E. C. K. Pang. 2005 An introduction to markers, quantitatve trait loci (QTL) mapping and marker assisted selection for crop improvement: the basic concepts. Euphytica, 142: 169-196 Collard, B. C. Y., C. M. Vera Cruz, K. L. McNally, P. S. Virk and D. J. Mackil. 2008. Rice Molecular Breeding Laboratories in the Genomics Era: Current Status and Future Considerations. International Journal of Plant Genomics, 2008:125. Evenson RE and Gollin G 2003 Assessing the impact of the green revolution, 1960–2000. Science 300:758– 762



S. M., Boopathi, N.M, Kumar, S.S., Ramasubramanian, T., Chengsong, Z., Jeyaprakash, P., Senthil, A., and Babu, R.C. 2009 Molecular mapping and location of QTLs for drought-resistance traits in indica rice lines adapted to target environments. Acta physiologiae plantarum 32:355-364



Harris K, Subudhi PK, Borrell A, Jordan D, Rosenow D, Nguyen H, Klein P, Klein R and Mullet J 2007 Sorghum stay-green QTL individually reduce post-flowering drought-induced leaf senescence. Journal of Experimental Botany, Vol. 58: 327– 338 Hittalmani, S., N. Huang, B. Courtois, R. Venuprasad, H. E. Shashidhar, J. Y. Zhuang, K. L. Zheng, G. F. Liu, G. C. Wang, J. S. Sidhu, S. Srivantaneeyakul, V. P. Singh, P.G. Bagali, H. C. Prasanna, G. McLaren and G. S. Khush. 2003. Identification of QTL for growth-and grain yield-related traits in rice across nine locations of Asia.Theor. Appl. Genet., 107: 679690. Hemamalini, G.S., Sashidhar H.E. and Hittalmani S. 2000 Molecular marker assisted tagging of morphological and physiological traits under two contrasting moisture regimes at peak vegetative stage in rice (Oryza sativa L.). Euphytica, 112: 1-10. Huang N, Courtois B, Khush GS, Lin H, Wang G, Wu P, Zheng K 1996 Association of quantitative trait loci for plant height with major dwarfing genes in rice. Heredity 77:130–137 Ingram K, Bueno TFD, Namuca OS, Yambao EB, Beyrouty CA 1994 Rice root traits for drought resistance and their genetic variation. In: Kirk GD (ed) Rice roots: nutrient and water use. IRRI, Los Banos, pp 67–77 IRRI



(International Rice Research Institute) 1995 Challenges and opportunities in a less favourable ecosystem: rainfed low land rice. IRRI information series No. 1. IRRI, Los Banos



IRRI (International Rice Research Institute) 2002 Rice almanac. IRRI-WARDA-CIAT-FAO, Los Banos



1139



Electronic Journal of Plant Breeding, 1(4): 1133-1141 (July 2010) Ji, X. M., M. O. Raveendran, R. A. Ismail, R. Lafitte, R. Bruskiewich, S. H. Cheng and J. Bennett. 2005. Tissue specific expression and drought respopnsiveness of cell-wall invertase genes of rice at flowering. Plant Molecular Biology, 59: 945-964 Jongdee B, Pantuwan G, Fukai S and Fischer K. 2006 Improving drought tolerance in rainfed lowland rice: an example from Thailand. Agric Water Manage. 80:225–240 Kanagaraj P, Prince K. S. J, Annie Sheeba J, Biji K. R, Sheetal Babu Paul, Senthil A and Chandra Babu R. 2010 Microsatellite markers linked to drought resistance in rice (Oryza sativa L.).Current science 98:836-839 Kanbar, A., Shashidhar, H. E. and Hittalmani, S. 2002 Mapping of QTL associated with root and related traits in DH population ofrice (Oryza sativa L.). Indian J. Genet., 62:287–290 Kamoshita A, Wade LJ, Ali ML, Pathan MS, Zjang J, Sarkarung S. 2002a. Mapping QTL for root morphology of a rice population adapted to rainfed lowland conditions. Theor Appl Genet.104:880–93 Kamoshita A, Zhang J, Siopongco J, Sarkarung S, Nguyen HT, Wade L. 2002b Effects of phenotyping environment on identification of quantitative trait loci for rice root morphology under anaerobic conditions. Crop Sci. 42:255–65. Kamoshita



A, Chandra Babu R, Boopathi NM and Shu Fukai 2008 Phenotypic and genotypic analysis of drought-resistance traits for development of rice cultivars adapted to rainfed environments. Field Crops Res. 109:1-23



Khush GS 2001 Green revolution: the way forward. Nature Rev. 2:815–822 Kumar, J. and S. Abbo 2001 Genetics of flowering time in chickpea and its bearing on productivity in the semi-arid environments. Advances in Agronomy, 72: 107-138. Kumar, A, Venuprasad R and Atlin GN 2007 Genetic analysis of rainfed lowland rice drought tolerance under naturally occurring stress in eastern India: heritability and QTL effects. Field Crops Res 103:42–52 Kumar, A., Bernier, J., Verulkar, S., Lafitte, H. R., and Atlin, G. N. 2008 Breeding for drought tolerance: Direct selection for yield, response to selection and use of drought tolerant donors in upland and lowland-adapted populations. Field Crop Res. 107: 221–231



Lafitte, H. R., Price, A. H., and Courtois, B. 2004 Yield response to water deficit in an upland rice mapping population: Associations among traits and genetic markers. Theor.Appl. Genet. 109: 1237–1246 Lanceras JC, Pantuwan GP, Jongdee B and Toojinda T 2004 Quantitative trait loci associated with drought tolerance at reproductive stage in rice. Plant Physiol 135:384–399 Lang NT, Buu BC, Ismail A 2008 Molecular mapping and marker assisted selection for salt tolerance in rice. Omorice 16:50–56 Lebreton, C., V. Lazic-Jancic, A. Steed, S. Pekai and S.A. Quarrie, 1995 Identification of QTL for drought responses in maize and their use in testing causal relationships between traits. J. Exp. Bot. 46: 853-865. Li, Z., P. Mu, C. Li, H. Zhang, Z. Li, Y. Gao and X. Wang, 2005 QTL mapping of root traits in a doubled haploid population from a cross between upland and lowland japonica rice in three environments. Theor. Appl. Genet. 110: 1244 -1252 Li ZK and Xu JL 2007 Breeding for drought and salt tolerant rice (Oryza sativa L.): progress and perspectives. In: Jenks MA et al (eds) Advances in molecular breeding toward drought and salt tolerant crops. Springer, USA, 531–564 Lilley, JM and MM. Ludlow. 1996 Expression of osmotic adjustment and dehydration tolerance in diverse rice lines. Field Crops Res. 48: 185-197 Lilley, J.M., M.M. Ludlow, S.R. McCouch and J.C. O'Toole, 1996 Locating QTL for osmotic adjustment and dehydration tolerance in rice. J. Exp. Bot. 47: 1427-1436 Liu, G. L., H. W. Mei, X. Q. Yu, G. H. Zou, H. Y. Liu, S. P. Hu, M. S. Li, J. H. Wu, L. Chen and L. J. Luo. 2008 QTL analysis of panicle neck diameter, a trait highly correlated with panicle size, under well-watered and drought conditions in rice (Oryza sativa L.). Plant Science, 174: 7177 Liu T, Shao D, Kovi MR and Xing Y 2010 Mapping and validation of quantitative trait loci for spikelets per panicle and 1,000-grain weight in rice (Oryza sativa L.) Theor Appl Genet 120:933– 942 Lou Q, Chen L, Sun Z, Xing Y, Li J, Xu J, Mei J, Luo L. 2007 A major QTL associated with cold tolerance at seedling stage in rice. Euphytica 158:87–94



1140



Electronic Journal of Plant Breeding, 1(4): 1133-1141 (July 2010) Mackill, D. J., W. R. Coffman and D. P. Garrity. 1996 Varietal improvement for rainfed lowland rice in south and southeast Asia: Results of a survey. In: Rainfed Lowland Rice Improvement. (Eds. Institute, I. R. R.). Manila, Philippines. p242. Manickavelu, A., N. Nadarajan, S. K. Ganesh, R. P. Gnanamalar and R. Chandra Babu. 2006 Drought tolerance in rice: morphological and molecular genetic consideration. Plant Growth Regul. 50: 121-138. Nguyen HT, Babu RC, and Blum A 1997 Breeding for drought tolerance in rice: physiology and molecular genetics considerations. Crop Sci. 37: 1426-1434 Nguyen TTT, Klueva N, Chamareck V, Aarti A, Magpantay G, Millena ACM, Pathan MS and Nguyen HT 2004 Saturation mapping of QTL regions and identification of putative candidate genes for drought tolerance in rice. Molecular Genetics Genomics. 272: 35-46 Nguyen, GN and B. G. Sutton. 2009 Water deficit reduced fertility of young microspores resulting in a decline of viable mature pollen and grain set in rice. J Agron Crop Science, 195: 11-18 O’Toole JC 2004 Rice and water: the final frontier, in First International Conference on Rice for the Future. Rockefeller Foundation, Bangkok, Thailand, p. 26



of upland rice (Oryza sativa) used to identify QTL for root-penetration ability. Theor Appl Genet 100: 49-56 Price AH, Cairns JE, Horton P, Jones HG and Griffiths H 2002 Linking drought-resistance mechanisms to drought avoidance in upland rice using a QTL approach: progress and new opportunities to integrate stomatal and mesophyll responses. J. Exp. Bot. 53: 989-1004 Qu, Y., Ping, M., Hongliang, Z., Chen, Y., Gao, Y., Tian, Y., Wen, F., and Li, Z. 2008 Mapping QTLs of root morphological traits at different growth stages in rice. Genetica, 133: 187–200 Ray, J. D., L. X. Yu, S. R. McCouch, M. C. Champoux, G. Wang and H. T. Nguyen, 1996. Mapping quantitative trait loci associated with root penetration ability in rice. Theor Appl Genet 92: 627-636 Redona ED, Mackil DJ 1996 Mapping quantitative trait loci for seedling vigor in rice using RFLPs. Theor Appl Genet 92:395–492 Robin, S., M.S. Pathan, B. Courtois, R. Lafitte, S. Carandang, S. Lanceras, M. Amante, H.T. Nguyen and Z. Li, 2003 Mapping osmotic adjustment in an advanced backcross inbred population of rice. Theor Appl Genet 107: 12881296. Saini,



O`Toole, J. C. and O. S. Namuco. 1983. Role of panicle exsertion in water stress induced sterility. Crop Science, 23:1093-1097 Ouk, M, J. Basnayake, M. Tsubo, S. Fukai, KS. Fishcer, M. Cooper and H. Nesbitt. 2006. Use of drought response index for identification of drought tolerant genotypes in rainfed lowland rice. Field Crops Research, 99: 48-58. Pandey S, Bhandari H and Hardy B 2007 Economic costs of drought and rice farmers’coping mechanisms:a cross-country comparative analysis. Los Baños (Philippines): International Rice Research Institute. 203 p. Pantuwan G, Fukai S, Cooper M, Rajatasereekul S and O’Toole JC 2002 Yield response of rice (Oryza sativa L.) genotypes to drought under rainfed lowlands. 2. Selection of drought resistant genotypes. Field Crops Res 73:169–180 Passioura J 2006 Increasing crop productivity when water is scarce: from breeding to field management. Agric Water Manage 80:176–196 Price AH, KA Steele, BJ Moore, PB Barraclough and LJ Clark 2000 A combined RFLP and AFLP map



HS and ME Westgate 2000 Reproductive development in grain crops during drought. Adv Agron 68:59-98



Serraj, R., A. Kumar, K. L. McNally, I. Slamet-Loedin, R. Bruskiewich, R. MauleonJ. Cairns and R. J. Hijmans. 2009 Improvement of drought resistance in rice. Adv Agron 103:41-98 Shen L, Courtois B, Mc Nally KL, Robin S and Li Z 2001 Evaluation of near-isogenic lines of rice introgressed with QTLs for root depth through marker-aided selection. Theor Appl Genet 103:75–83 Srinivasan, S., S. M. Gomez, S. S. Kumar, G. S. K., K. R. Biji, A. Senthil and R. C. Babu 2008 QTLs linked to leaf epicuticular wax, physiomorphological and plant production traits under drought stress in rice (Oryza sativa L.). Plant Growth Regulation, 56: 245-256 Steele KA, Edwards G, Zhu J, Witcombe JR. 2004 Markerevaluated selection in rice: shifts in allele frequency among bulks selected in contrasting agricultural environments identify genomic regions of importance to rice adaptation and breeding. Theor Appl Genet 109:208–221



1141



Electronic Journal of Plant Breeding, 1(4): 1133-1141 (July 2010) Steele KA, Price AH, Shashidar HE and Witcombe JR 2006 Marker-assisted selection to introgress rice QTLs controlling root traits into an Indian upland rice variety. Theor Appl Genet 112:1247–1260 Steele KA, Virk DS, Kumar R, Prasad SC and Witcombe JR 2007 Field evaluation of upland rice lines selected for QTLs controlling root traits. Field Crops Research 101: 180-186 Tripathy JN, Zhang J, Robin S, Nguyen TT and Nguyen HT 2000 QTLs for cell-membrane stability mapped in rice (Oryza sativa L.) under drought stress. Theor Appl Genet 100:1197-1202 Tuberosa, R and Salvi, S 2006 Genomics-based approaches to improve drought tolerance of crops. Trends Plant Sci. 11:405–412 Venuprasad R, Shashidhar HE, Hittalmani S, Hemamalini GS 2002 Tagging quantitative trait loci associated with grain yield and root morphological traits in rice (Oryza sativa L.) under contrasting moisture regimes. Euphytica 128:293–300 Venuprasad R. Bool M. E. Dalid C. O. Bernier J. Kumar A. Atlin G. N. 2009 Genetic loci responding to two cycles of divergent selection for grain yield under drought stress in a rice breeding population.Euphytica 167:261-269 Wang GL, Mackill DJ, Bonman JM, McCouch SR, Champoux MC, Nelson RJ 1994 RFLP mapping of genes conferring complete and partial resistance to blast in a durably resistant rice cultivar. Genetics 136:1421–1434 Xia BS, Hanada K, Kizhuchi F 1991 Character expression of the semi-dwarfism gene sd-1 in rice. Effect of nitrogen levels on the expression of some agronomic characteristics. Japan J Crop Sci 60:36-41



effects and their environmental interactions of QTLs on the genetic basis of yield traits in rice. Theor Appl Genet 105: 248-257 Yadav, R., Courtois, B., Huang, N., McLaren, G., 1997 Mapping genes controlling root morphology and root distribution on a double-haploid population of rice. Theor Appl Genet 94: 619–632 Yambao EB and Ingram KT 1988 Drought stress index for rice. Philippine Journal of Crop Science, 193: 105-111 Yano M, Sasaki T 1997 Genetic and molecular dissection of quantitative traits in rice. Plant Mol Biol 35:145–153 Yue, B., W. Xue, L. Xiong, X. Yu, L. Luo, K. Cui, D. Jin, Y. Xing and Q. Zhang. 2006. Genetic basis of drought resistance at reproductive stage in rice: Separation of Drought tolerance from Drought avoidance. Genetics, 172: 1213 – 1228 Yue, B., W. Xue, L. Luo and Y. Xing. 2008. Identification of quantitative trait loci for four morphologic traits under water stress in rice (Oryza sativa L.). Journal of Genetics and Genomics, 35: 569-575 Zhang Y, Luo L, Liu T, Xu C and Xing Y. 2009 Four rice QTL controlling number of spikelets per panicle expressed the characteristics of single mendelian gene in near isogenic backgrounds. Theor Appl Genet 118:1035–1044 Zhao XQ, Xu JL, Zhao M, Lafitte R, Zhu LH, Fu BY, Gao YM and Li ZK. 2008 QTLs affecting morphphysiological traits related to drought tolerance detected in overlapping introgression lines of rice (Oryza sativa L.) Plant Science 174: 618– 625



Xing, Z., F. Tan, P. Hua, L. Sun, G. Xu and Q. Zhang. 2002 Characterization of the main effects, epistatic



1142



























[image: Breeding for drought resistance in rice: an integrated ...]
Breeding for drought resistance in rice: an integrated ...












[image: Studies on root traits for drought tolerance in rice - Semantic Scholar]
Studies on root traits for drought tolerance in rice - Semantic Scholar












[image: An epigenetic change in rice cultivars under water ... - Semantic Scholar]
An epigenetic change in rice cultivars under water ... - Semantic Scholar












[image: Correlation studies for shootfly resistance traits in ... - Semantic Scholar]
Correlation studies for shootfly resistance traits in ... - Semantic Scholar












[image: Breeding for seed yield and shoot webber - Semantic Scholar]
Breeding for seed yield and shoot webber - Semantic Scholar












[image: Ecotypic Variability for Drought Resistance in Cenchrus ...]
Ecotypic Variability for Drought Resistance in Cenchrus ...












[image: Estimation of the Minimum Canopy Resistance for ... - Semantic Scholar]
Estimation of the Minimum Canopy Resistance for ... - Semantic Scholar












[image: In vitro screening for salt tolerance in Rice (Oryza ... - Semantic Scholar]
In vitro screening for salt tolerance in Rice (Oryza ... - Semantic Scholar












[image: Development of pre-breeding stocks with improved ... - Semantic Scholar]
Development of pre-breeding stocks with improved ... - Semantic Scholar












[image: Cooperative Breeding and its Significance to the ... - Semantic Scholar]
Cooperative Breeding and its Significance to the ... - Semantic Scholar












[image: Identification of two new drought specific candidate ... - Semantic Scholar]
Identification of two new drought specific candidate ... - Semantic Scholar












[image: Combining ability of rice genotypes under coastal ... - Semantic Scholar]
Combining ability of rice genotypes under coastal ... - Semantic Scholar












[image: Regeneration study of some indica rice cultivars ... - Semantic Scholar]
Regeneration study of some indica rice cultivars ... - Semantic Scholar












[image: Grain Yield Response Of Rice Cultivars Under ... - Semantic Scholar]
Grain Yield Response Of Rice Cultivars Under ... - Semantic Scholar












[image: Promising medium duration multiple resistant rice ... - Semantic Scholar]
Promising medium duration multiple resistant rice ... - Semantic Scholar












[image: Grain Yield Response Of Rice Cultivars Under ... - Semantic Scholar]
Grain Yield Response Of Rice Cultivars Under ... - Semantic Scholar












[image: Promising medium duration multiple resistant rice ... - Semantic Scholar]
Promising medium duration multiple resistant rice ... - Semantic Scholar












[image: in chickpea - Semantic Scholar]
in chickpea - Semantic Scholar















Breeding for drought resistance in rice: an ... - Semantic Scholar






003, India, Email: [email protected] challenge to .... water through a better root system and/or to an ...... resistance to blast in a durably resistant rice. 






 Download PDF 



















 408KB Sizes
 6 Downloads
 293 Views








 Report























Recommend Documents







[image: alt]





Breeding for drought resistance in rice: an integrated ... 

secondary traits contributing in drought resistance will hasten development of cultivars with improved performance under ... QTLs for many drought resistance traits consistent across environments and genetic .... QTLs - application in breeding.














[image: alt]





Studies on root traits for drought tolerance in rice - Semantic Scholar 

length, root volume, root length density, total number of roots, root thickness, root ... stem, dried moisture free in a hot air oven at 80ÂºC for. 48 hours (till attaining ...














[image: alt]





An epigenetic change in rice cultivars under water ... - Semantic Scholar 

Abstract. Stress can exert its effect on the organism not only via physiological response pathways but also via genomic and indeed epigenetic responses.














[image: alt]





Correlation studies for shootfly resistance traits in ... - Semantic Scholar 

governing resistance to this pest viz., non preference ... parents and three checks, viz., susceptible variety ... Data were recorded in each row excluding border.














[image: alt]





Breeding for seed yield and shoot webber - Semantic Scholar 

For analysis, the data collected from field trial ... the data collected from artificial screening plot were used for the .... through conventional and embryo rescue.














[image: alt]





Ecotypic Variability for Drought Resistance in Cenchrus ... 

this species based on distinct morpho-genetical features. ... Prolific root system appeared to be a good yardstick to judge the level of drought resistance. .... cm2), small (2-4 cm2), medium (4-6 cm2), large (6-8 cm2), very large (8-10 cm2), extra l














[image: alt]





Estimation of the Minimum Canopy Resistance for ... - Semantic Scholar 

Nov 4, 2008 - ence of air temperature (F4) assumes all vegetation photosynthesizes ...... vegetation network during the International H2O Project. 2002 field ...














[image: alt]





In vitro screening for salt tolerance in Rice (Oryza ... - Semantic Scholar 

Statistical analysis revealed that all the genotypes and treatments and their .... package. Level of significance (P value) was determined using the standard ...














[image: alt]





Development of pre-breeding stocks with improved ... - Semantic Scholar 

sucrose content over the zonal check variety CoC 671 under early maturity group. Key words: Recurrent selection â€“ breeding stocks - high sucrose â€“ sugarcane.














[image: alt]





Cooperative Breeding and its Significance to the ... - Semantic Scholar 

Jun 21, 2010 - energy allocations to ... older children require different time and energy ...... grandmothers, siblings) often are posed as alternative sources of ...














[image: alt]





Identification of two new drought specific candidate ... - Semantic Scholar 

Genbank databases. Mapping population ... drought stress responsive genes data from public databases ... 377 DNA sequencer,using Big Dye Terminator Cycle.














[image: alt]





Combining ability of rice genotypes under coastal ... - Semantic Scholar 

4B-8-1 X ADT 45, IR 65192-4B-8-1 X Norungan, IR 65192-4B-8-1 X MDU 5 and ... ADT 45. The hybrids IR 65847-3B-6-2 X ADT 45 recorded non additive gene ...














[image: alt]





Regeneration study of some indica rice cultivars ... - Semantic Scholar 

Regeneration and recovery of transgenic plants ... agent used, concentration of antibiotic selection ... bacteriostatic agent led to a substantial increase in the ..... Data were taken 3 days after Agrobacterium inoculation and means are from 50 ...














[image: alt]





Grain Yield Response Of Rice Cultivars Under ... - Semantic Scholar 

The correlation, path analysis and drought indices viz., relative yield (RY) and ... correlation and the path analysis were calculated as per INDOSTAT package.














[image: alt]





Promising medium duration multiple resistant rice ... - Semantic Scholar 

The culture is having good quality characteristics of intermediate amylose and GT, soft GC, high milling ... Host plant resistance to various biotic stresses is a.














[image: alt]





Grain Yield Response Of Rice Cultivars Under ... - Semantic Scholar 

when evaluated under controlled irrigation condition. ... irrigation condition and b) upland condition with .... cultivar performance for cultivar x location data.














[image: alt]





Promising medium duration multiple resistant rice ... - Semantic Scholar 

yielding, multiple resistance to major diseases, this culture has great scope for exploitation under our ... Host plant resistance to various biotic stresses is a.














[image: alt]





in chickpea - Semantic Scholar 

Email :[email protected] exploitation of ... 1990) are simple and fast and have been employed widely for ... template DNA (10 ng/ l). Touchdown PCR.


























×
Report Breeding for drought resistance in rice: an ... - Semantic Scholar





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















