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I.  Introduction/background information 

  Rice (Oryza sativa L.) is the staple food of more than three billion people in the world, 

most of whom live in Asia. In 2008, the world produced 661 million tons of rough rice (IRRI, 

2009) from 155.7 million ha of area (IRRI, 2009A). Of this total, Asian farmers produced 

around 600 million tons, which represents more than 90% of global rice. India and China 

together accounted for 341 million tons, with India producing 148 million tons. 

Rice is cultivated under diverse ecologies ranging from irrigated to rainfed upland to rainfed 

lowland to deep water. Irrigated rice accounts for 55% of world area and about 75% of total 

rice production. Rainfed lowland represents about 25% of total rice area, accounting for 17% 

of world rice production. Upland rice covers 13% of the world rice area and accounts for 4% 

of global rice production. Deepwater rice, although it has less area, meets the need of around 

100 million people. In India, the total area under irrigated, rainfed lowland and upland rice is 

22.0, 14.4, and 6.3 million ha, respectively (Singh, 2009). 

The frequent occurrence of abiotic stresses such as drought and submergence has 

been identified as the key to the low productivity of rainfed ecosystems. A recent estimate on 

climate change predicts the water deficit to deteriorate further in years to come (Wassmann 

et al., 2009) and the intensity and frequency of drought are predicted to become worse 

(Bates et al., 2008). Out of the total 20.7 million ha of rainfed rice area reported in India, 

approximately 16.2 million ha lie in eastern India (Singh and Singh, 2000), of which 6.3 million 

ha of upland area and 7.3 million ha of lowland area are highly drought-prone (Pandey and 

Bhandari, 2009). From the beginning of the Green Revolution era in rice in 1965 till 2009, on 

14 occasions, rice production in India failed to achieve the estimated production. On those 14 

occasions, rice production was in fact lower than the previous year’s production. Drought was 

the cause of reduced production on 11 occasions (Fig. 1). Severe drought in the wet season 

during the reproductive stage not only had an adverse effect on rice production but also 

reduced the area sown under wheat, pulses, and oilseeds in the subsequent dry season 

because of the unavailability of sufficient moisture in the soil, thereby reducing the 

production of these crops (Fig. 2). The two most recent severe droughts (in 2002 and 2009) 
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witnessed a significant reduction in rice as well as total food production. In 2002, 29% of the 

geographical area suffered from drought due to 19% annual rainfall deficiency. This year, rice 

production fell by 21.5 million tons, coarse cereals by 7.0 million tons, pulses by 2.2 million 

tons, and wheat by 7.0 million tons. Similarly, in 2009, total food production declined by 

approximately 16.27 million tons because of a 10.02 million-ton decrease in rice production, 

and a significant decrease in coarse cereal, pulses, and oilseed production (DES, 2009). 

II.  Status of rice breeding 

  a. Past history. 

Despite the importance of drought as a constraint, little effort has been devoted to 

developing drought-tolerant rice cultivars. Most of the high-yielding varieties—IR36, IR64, 

Swarna, and Sambha Mahsuri—grown in rainfed areas are varieties bred for irrigated 

ecosystems and they were never selected for drought tolerance. In drought years, these 

varieties inflict high yield losses, leading to a sudden decline in the country’s rice production. 

Because of the absence of high-yielding, good-quality drought-tolerant varieties, farmers in 

the rainfed ecosystem continue to grow these varieties. Farmers of drought-prone areas 

require varieties that provide them with high yield in years of good rainfall and sustainable 

good yield in years with drought. 

The earlier approach of improving grain yield under drought through selection on 

secondary traits such as root architecture, leaf water potential, panicle water potential, 

osmotic adjustment, and relative water content (Fukai et al., 1999; Price and Courtois, 1999; 

Jongdee et al., 2002; Pantuwan et al., 2002) did not yield the expected results to improve 

yield under drought. Breeders and physiologists practiced selection for secondary traits as 

several earlier studies reported low selection efficiency for direct selection for grain yield 

under drought stress (Rosielle and Hamblin, 1981; Blum, 1988; Edmeades et al., 1989). 

Similarly, at the molecular level, initial efforts in rice were devoted to mapping of QTLs for 

secondary drought-related traits such as root morphology and osmotic adjustment (Yadav et 

al. 1997; Kamoshita et al. 2002; Babu et al. 2003). Because QTLs for secondary traits are not 
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linked to direct yield increase under drought, marker-assisted selection for such QTLs has not 

been successfully used to improve yield under drought stress in rice.   

b. Present status 

   Recent studies at IRRI have shown moderate to high heritability of grain yield under 

drought (Bernier et al., 2007; Venuprasad et al., 2007; Kumar et al., 2008), thus opening area 

for direct selection for grain yield instead of secondary traits. Further, direct selection for 

grain yield under drought has been reported effective (Kumar et al., 2008; Venuprasad et al., 

2008) and the feasibility of combining high yield potential with good yield under drought has 

been demonstrated beyond a doubt (Kumar et al., 2008; Venuprasad et al., 2008). By 

employing direct selection for grain yield under drought, several promising breeding lines for 

rainfed lowlands and rainfed uplands have been identified recently (Verulkar et al., 2010 ; 

Mandal et al., 2010). 

Similarly, at the molecular level, three recent reports indicate that QTLs with large 

effects on yield under drought stress may not be uncommon. Bernier et al. (2007) reported a 

QTL on chromosome 12 in the Vandana/Way Rarem population explaining about 51% of the 

genetic variance for yield under severe upland drought stress. Kumar et al. (2007) reported a 

major QTL for grain yield under lowland drought stress in the CT9993/IR62266 population on 

chromosome 1 explaining 32% of the genetic variance. Venuprasad et al. (2009) identified a 

major QTL for grain yield on chromosome 3 that explained 36% of the genetic variance. The 

identification of QTLs with a major effect on grain yield raises new hopes of improving grain 

yield under drought through marker-assisted breeding. 

Review of literature 

Atlin (2003) has reported higher gains in selection if differences among genotypes are 

large, selection intensity is kept high through the screening of a large number of genotypes 

and selecting only a few lines, and the broad-sense heritability of the trait for which selection 

is being made is high. Maximization of broad-sense heritability (H) through careful 

management of drought screens and high replication within trials and by increasing the 

number of trial locations and years of testing has been suggested.  
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From the series of experiments conducted at IRRI under standardized managed 

screens, H estimates under upland and lowland stress were similar to those under non-stress 

experiments (Atlin and Lafitte, 2002; Venuprasad et al., 2007; Kumar et al., 2008). These 

studies further suggest that selection for grain yield under reproductive drought stress in rice 

can be conducted with the same precision as that achieved in non-stress trials (Atlin and 

Lafitte, 2002; Bernier et al. 2007). Further, Atlin and Lafitte (2002) have also reported that 

secondary traits were predicted to be less effective in improving yield under upland stress. A 

positive response to selection for grain yield under upland (Venuprasad et al., 2008) and 

lowland (Kumar et al., 2008) has also been reported. 

In rainfed areas, upon failure of rain or a long spell between two rains, drought stress 

can occur at the seedling, vegetative, and reproductive stage of the rice crop or it can be 

intermittent drought depending upon the rainfall pattern and distribution. Among all these, 

drought at the reproductive stage has been identified as the most detrimental to grain yield 

(O’Toole et al., 1982). Moreover, in most rainfed regions, the probability of occurrence of 

terminal reproductive-stage drought is high due to the early withdrawal of monsoon rains 

(Kumar et al., 2008). For this reason, many drought resistance breeding programs have 

concentrated on large-scale screening for reproductive-stage drought stress and screening a 

few promising identified lines from reproductive screens under seedling-/vegetative-stage 

stress.   

Screening for drought resistance is being carried out mostly in the wet season in the 

target environments in the large rainfed drought-prone areas of eastern India and northeast 

Thailand (Kumar et al., 2008; Verulkar et al., 2010; Pantuwan et al., 2002; Jongdee et al., 

2002). However, success of wet-season screens is hampered by erratic rainfall during the 

season. For sites not affected by low temperature during the sowing of the crop in December-

January and high temperature during flowering time in April-May, dry-season screening 

during January-May has been very effective. At IRRI, most drought screens are carried out in 

the dry season. The performance of lines identified as tolerant in the dry-season screens are 

predictive in wet-season screens (Fig. 3) in rainfed areas in India (Verulkar et al., 2010). Wet-
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season late-planting drainage screens are largely practiced in the rainfed areas of eastern 

India (Kumar et al. 2008, Verulkar et al. 2010) and northeastern Thailand (Pantuwan et al. 

2002; Jongdee et al. 2002). In wet-season late-planting screens, stress trials are planted 3 to 4 

weeks late to synchronize the reproductive stage of the rice crop with the occurrence of 

drought due to the withdrawal of rain at the terminal stage of the cropping season. The 

probability of successful wet-season late-sown screens has been very high (Verulkar et al., 

2010). 

IV.  Methodology/different techniques used in rice breeding 

a. Selection 

   Realization of the increasing trend of water shortage has generated efforts to develop 

high-yielding drought-tolerant cultivars. Several international and national programs working 

on rice, maize, and wheat have developed a systematic program to develop drought-tolerant 

cultivars. In rice, many breeding programs have adopted grain yield under drought as a 

selection criterion to improve drought tolerance. Further, most of these programs evaluate 

advanced lines under both drought stress and irrigated control situations to select lines 

combining high yield under both situations. However, proper drought-phenotyping protocols 

for inducing an appropriate level of drought stress in drought screens that results in a clear-

cut differentiation of drought-tolerant and drought-susceptible lines still need improvement 

and standardization.    

i)   Number of environments for drought screening 

The large genotype-by-environment (G x E) interactions observed in drought-prone 

environments have stymied progress in exploiting drought traits in the past because the 

expression of genetic effects was unreliable. In order to detect a real difference between 

lines, it is necessary to reduce the error (σ
2

E) variance (Atlin 2003). Genotype × location × year 

(σ
2

GLY) and error variance (σ
2

E) have been found to be the largest contributors to the random 

noise in field trials. The contribution of σ
2

E can be reduced by choosing uniform screening 

sites, increasing the number of replications, adopting improved methods of controlling 

within-block error (lattice design or neighbor analysis), or increasing the number of locations 



              

Page | 7 

 For more Information contact:  Visit Rice Knowledge Management Portal http://www.rkmp.co.in  

Rice Knowledge Management Portal (RKMP)  

Directorate of Rice Research,  

Rajendranagar, Hyderabad 500030. Email: naiprkmp@gmail.com, pdrice@drricar.org,  shaiknmeera@gmail.com 

Ph: 91-40-24591218, 295 Fax: 91-40-24591217 
 

or years of testing. The contribution of σ
2

GLY can be reduced only by increasing the number of 

tests across locations or year. METs conducted in Thailand have revealed that increasing the 

number of trials from 1 to 5 has a greater effect on increasing heritability (H) than increasing 

the number of replications beyond 3 (Atlin, 2003).   

i) Selection environment and target environment 

Breeders devote considerable efforts to disseminating breeding lines they have 

selected at research stations (selection environments, SE) to the target environments (TE). 

Selection efforts would be successful only if the yield gains achieved in SE are expressed in 

farmers’ fields. Therefore, one of the primary requirements for selection to be effective is the 

representativeness of SE to the TE. The relationship between cultivar performance in SE and 

TE can be measured as genetic correlation (rG). The higher the rG, the better the relationship 

between SE and TE.  The rG between SE and TE can be maximized by ensuring that screening 

conditions at research stations are similar to those in farmers’ fields.   

ii) Protocol for reproductive-stage drought screening in lowland situations 

Lowland fields regularly affected by drought are usually upper fields with light soil 

texture, followed by middle lowland fields. In years with low rainfall or a long spell between 

two consecutive rains, drought also occurs in severe form in lower lowland fields where 

submergence is a regular problem. The following protocol can be used to evaluate lines under 

reproductive-stage lowland drought stress: 

1. Select a leveled, well-drained field at high toposequence. The field should be away from 

any water source or irrigated or flooded rice. 

2. One drought-tolerant and three drought-susceptible checks should be included in the 

experiments, repeated three times in each replicate. 

3. Irrigated trials are provided with water from planting to just before maturity. 

4. At the reproductive stage, rice is highly sensitive between 16 days before flowering and 10 

days after flowering. For a variety of 110 days with 80 days to flowering, this period is 

between 64 days and 90 days. In lowland fields, depending upon the moisture-holding 
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capacity of the soil, drought appears in severe form in 15-20 days. Accordingly, the field 

should be drained about 23-25 days after transplanting or 44-45 days after sowing.   

5. As far as possible, both control and drought trials should receive the same dose of 

fertilizers. In drought trials, two doses of nitrogen fertilizer (basal and first split) should be 

applied before initiating stress and a third dose should be applied in adjustment with 

irrigation/rainfall (in the case of wet-season screens).   

6. At least 3 groundwater tubes 1.10 m deep with 1.0 meter in the soil and 10 cm above the 

ground should be installed in each replicate 1 week before drainage. 

7. In the case of severe drought stress, the field should be visited at 1000 to decide about 

the possible date and time of irrigation. If all the susceptible checks show severe leaf 

rolling with minimum probability to recover upon watering, and the trial as a whole also 

shows rolling, the field should be flood-irrigated.   

8. Drain the field 6 hours after irrigation for a second cycle of stress to appear. 

9. Cycles of stress and irrigation should be repeated until harvest. 

10. Data on days to 50% flowering, plant height, yield, biomass and harvest index, water table 

depth after initiation of stress, daily rainfall, relative humidity, and maximum and 

minimum temperature should be recorded. 

iii)  Protocol for reproductive-stage drought screening in upland situations 

Upland experiments are drying direct-sown, soil has low water-holding capacity, and 

drought appears in severe form in the absence of rain for a week or so. The following protocol 

is suggested to be used for upland reproductive-stage drought screening: 

1. Select an unbunded, well-drained field at the top of the toposequence. There should be 

no water source and no irrigated or flooded rice planted above the drought-screening 

field. 

2. One drought-tolerant and three drought-susceptible checks should be included in the 

experiments, repeated three times in each replicate. 

3. At least three tensiometers should be installed in each replicate at 30-cm depth.   

4. The irrigated control trials should be irrigated at regular intervals from sowing to maturity. 
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5. In drought trials, taking 16 days before flowering to 10 days after flowering to be the most 

sensitive stage, for a 95-day variety with flowering at 68 days, this period will be between 

52 and 78 days after sowing. Stress in upland appears in severe form in 7-10 days after 

stopping irrigation. Irrigation in stress trials should be stopped at 42-45 days after sowing.  

6. Both control and drought trials should receive the same dose of fertilizers. In drought 

trials, two doses of nitrogen fertilizer (basal and first split) should be applied before 

initiating stress and a third dose should be applied in adjustment with irrigation.   

7. For irrigation if severe stress appears, the field should be visited at 1000 and, if the 

susceptible checks show severe leaf rolling with less chance to recover upon watering and 

the soil tensiometer shows a reading of -50kPA, the field should be irrigated.  Enough 

water should be applied to saturate the root zone. This is likely to require 40 mm of 

water. 

8. The cycle of stress and irrigation should be repeated until harvest. 

9. Data on days to 50% flowering, plant height, yield, biomass, harvest index, soil 

tensiometer reading each day at 1400 after initiation of stress, daily rainfall, relative 

humidity, and maximum and minimum temperature should be recorded. 

iv)  Protocol for vegetative-stage drought screening 

Failure of rain early in the season induces drought at the vegetative stage. The 

following protocol can be used for screening:  

1. Select a suitable field for lowland or upland screens as mentioned for reproductive-stage 

screens. Always plant an irrigated control experiment for a vegetative-stage drought-

stress experiment. 

3.  For lowland screens, transplant 14-day-old seedlings. 

4. One drought-tolerant and three drought-susceptible checks should be included in the 

experiments, repeated three times in each replicate. 

5. Allow for establishment for 10 days and then drain out water at 10 days after 

transplanting for lowland or 18 days after sowing for direct-seeded upland.  
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6.   At about 15-20 days after stress initiation, when soil moisture content at 20-cm depth 

drops to 15%, irrigate the trial. After irrigation, keep the water for 6 hours and then drain 

it out.  

8.  Install water-depth tubes in lowland and tensiometers in upland as mentioned for 

reproductive-stage screens.   

9.  The leaf-rolling and leaf-drying scores should be recorded at the end of the stress cycle 

before irrigation. 

10.  Record data on days to flowering, plant height, grain yield, total biomass, harvest index, 

daily water-table depth/tensiometer reading, daily rainfall, maximum and minimum 

temperature, and relative humidity. 

v)  Protocol for seedling-stage drought screening 

1. Screening at the seedling stage has to be carried out in dry direct-seeded conditions for 

both lowland and upland situations in a well-drained field with light soil without a source 

of water or a flooded experiment nearby.  

2. Initiate the stress 10 days after sowing and continue the stress for 15 days, that is, up to 

25 days after sowing. 

3. Before initiation of stress, all weed control measures should be taken to make the plot 

weed-free. 

4. One drought-tolerant and three drought-susceptible checks should be included in the 

experiments, repeated three times in each replicate. 

5. For irrigation if severe stress appears before the 15-day stress period ends due to high 

evapotranspiration, the field should be visited at 1000 and, if the susceptible checks show 

severe leaf rolling with less chance to recover upon watering and the soil tensiometer 

shows a reading of -50kPA, the field should be irrigated.    

6. At the end of the stress cycle before irrigation, record early vegetative vigor              (high, 

medium, low), leaf rolling, leaf drying, and plant height. 

7. At 10 days after irrigation, record the plant’s recovery for each entry following the 0-9 

scale of the standard evaluation system (IRRI, 1996).  
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iv) Severity of drought stress and trial mean yield under drought 

Lines with high yield potential do reasonably well under mild to moderate drought 

stress (Kumar et al. 2008). In order to identify a true drought-tolerant line, most breeding 

programs aim to reduce yield of the stress trial by 50% (Lafitte, 2003). However, Kumar et al. 

(2008) did not observe any response to selection in screens that had a yield reduction of up to 

56%. Kumar et al. (2008) has suggested a stress-screening protocol to reduce the mean yield 

of stress experiments by at least 65% relative to a fully irrigated control (Kumar et al. 2008) to 

identify true drought-tolerant lines. Most breeding programs screening for drought tolerance 

fail to impose a sufficiently severe stress in their trials and, as a result, are not able to select 

true drought-tolerant lines. With a mean yield of 4.0 t/ha for an irrigated control trial, at 65% 

yield reduction, a drought trial will have a mean yield of not more than 1.4 t/ha in lowland 

and a mean yield of 3.0 t/ha under upland, whereas drought-stress trials should have a mean 

yield of not more than 1.05 t/ha. 

 

vii) Diseases associated with drought-stress screens 

   High incidences of blast (caused by Pyricularia grisea) and brown spot (caused by 

Helminthosporium oryzae) have been observed in drought screens. Drought-tolerant lines 

promoted at the advanced stage should possess tolerance of blast and brown spot. Further, 

as the field selected for a drought screen is kept under aerobic conditions for more than two-

thirds of crop duration, incidences of nematode (Meloidogyne graminicola) development 

have been observed in such fields. It is suggested to change drought-screen fields every 3 

years if possible. In situations where fields cannot be changed, soil treatment with nematicide 

is recommended and fields should be planted with legumes in the off-season.   

b. Hybridization methods 

i) Drought-tolerant donors 

   Traditional varieties N22, Laloo 14, Brown gora, Birsa gora, Dular, etc., are known to 

have high drought tolerance. However, most of these lines are early in duration and carry 

unfavorable linkage drag. The mean duration of the breeding populations with them as 



              

Page | 12 

 For more Information contact:  Visit Rice Knowledge Management Portal http://www.rkmp.co.in  

Rice Knowledge Management Portal (RKMP)  

Directorate of Rice Research,  

Rajendranagar, Hyderabad 500030. Email: naiprkmp@gmail.com, pdrice@drricar.org,  shaiknmeera@gmail.com 

Ph: 91-40-24591218, 295 Fax: 91-40-24591217 
 

donors shifts toward earliness and may not provide high frequencies of desirable progenies 

with 110-120 days or longer duration. If traditional donors are used in a breeding program, 

segregating populations generated should be large enough to enable a breeder to select a 

desired number of promising progenies. Developing a BC1 population with an improved 

drought-susceptible variety as a recurrent parent would also increase the frequency of 

desirable plant types. Unfortunately, in the past, not much work was done to develop 

improved drought-tolerant pre-breeding lines for use in breeding programs. However, some 

released varieties, such as Annada and Vandana in India and Apo, PSBRc82, and PSBRc68 in 

the Philippines, possess good drought tolerance. During the last few years, IRRI began a 

program to develop pre-breeding lines with improved drought tolerance and a few improved 

donors for upland and lowland are available. In addition, from the mapping populations 

generated for a QTL identification program, improved donors with identified QTLs have been 

selected for use as donors (Table 1). In a drought breeding program, drought-tolerant donors 

possessing moderate to high tolerance of blast should be used to combine drought tolerance 

with blast resistance. In developing breeding populations, it is imperative that one of the 

parents used be a popular high-yielding variety of the region and the two lines included in the 

cross should complement each other for tolerance of different biotic stresses—blast, brown 

spot, bacterial leaf blight, brown planthopper, gall midge, etc. Crosses between two improved 

drought-tolerant pre-breeding lines have yielded progenies with higher drought tolerance 

(IRRI, unpublished).  

ii) Breeding populations and procedure 

   One of the issues concerning drought breeding is the appropriateness of the 

segregating generation to be exposed for drought testing. Studies with some populations 

have exhibited no adverse effect of early-generation testing under drought on high yield 

potential         (Kumar et al., 2008; Venuprasad et al., 2008). However,  with the frequency of 

occurrence of severe drought being once in three years in India, it seems appropriate to first 

select for improved plant type, high yield under irrigated conditions, grain type, and 

resistance to prevalent diseases in F2 and F3 and use direct selection for grain yield under 
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drought in F4. In a breeding program, it is important to use the seed from selected drought-

tolerant F4 plants for further testing. A modeled approach illustrating stepwise testing 

appears in Figure 4. There could be several modifications to the approach that any breeder 

can use but it is important to make sure that testing for drought is done early in segregating 

generations and is confirmed in subsequent generations. Similarly, the selected progenies 

need to be evaluated for resistance to prevalent diseases and insects more than once in the 

segregating generations. Finally, selected breeding lines need to be tested for detailed grain 

quality characteristics. For a breeding program with sufficient resources, grain quality testing 

could be carried out in F3. However, for a breeding program with limited resources, grain 

quality can be analyzed in F6. In the advanced stage observation yield nursery and advanced 

yield trials, lines need to be evaluated under irrigated control and severe drought-stress 

situations simultaneously to select lines combining high yield potential and good yield under 

drought. It would be desirable to screen the lines tolerant of reproductive-stage drought for 

tolerance at the vegetative and seedling stage to identify lines showing moderate to good 

tolerance at all the stages. In rainfed areas, in years with failure of initial rains, farmers are 

forced to transplant overaged seedlings as old as 60 days. Variations in varieties’ ability to 

yield under delayed transplanting have been reported (Shrivastava et al., 1994). Advanced 

drought-tolerant lines should be tested for delayed transplanting at 45 and 60 days of 

seedling age to identify varieties tolerant of delayed transplanting. With the release of 

hundreds of varieties for rainfed situations since the beginning of the modern semi-dwarf era 

and very few gaining farmers’ favor for large-scale cultivation, participatory varietal selection 

in farmers’ fields has been suggested as an important strategy for obtaining feedback on 

farmers’ preferences to increase the likelihood of adoption of drought-tolerant varieties. 

Following direct selection for grain yield in wet-season delayed-planting stress, the 

identification of several promising lines (Tables 2, 3) has recently been reported (Verulkar et 

al., 2010). 
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c. Molecular breeding 

Recent developments in molecular marker technology and genomics have provided 

new approaches for discovering and tagging novel genes and alleles. These tools can enhance 

the efficiency of breeding programs through their use in marker-assisted selection (MAS). 

Drought has been a trait difficult to manage through conventional phenotypic selection and it 

is one of the most ideal traits suitable for improvement through MAS. Earlier efforts to 

improve yield under drought using molecular approaches have not been highly successful. 

Probable reasons for the same have been discussed earlier.   

Recent efforts to identify major QTLs with a large and consistent effect on grain yield 

under drought (Bernier et al., 2007; Kumar et al., 2007; Venuprasad et al., 2009; Vikram et al. 

2009) have marked a new strategy. Two issues of concern to molecular biologists with 

drought QTLs have been large QTL x environment and QTL x genotype background effects. 

Most of the QTLs identified recently have shown a similar effect in diverse environments 

(Bernier et al., 2009). However, QTL x genotype background interactions remain an issue. 

With the prevalence of a few prominent varieties being cultivated on millions of hectares in 

major drought-prone areas in eastern India, identifying major QTLs in the background of 

improved mega-varieties and introgressing the identified QTLs in the same background for 

improving their drought tolerance have been suggested as an alternative approach. At IRRI, at 

least three major QTLs with a consistent effect in the background of Swarna and IR64, 

respectively, have been identified. Each of these QTLs provides a yield advantage of 300-400 

kg ha
-1

. In order to improve the yield of current cultivated varieties to an appreciable level, 

pyramiding of three or more such QTLs could be a suitable alternative. Efforts to pyramid 

three major QTLs to get a yield advantage of at least 1000 kg ha
-1

 have begun. A schematic 

approach for this is illustrated in Figure 5. Recently, other molecular approaches such as 

marker-assisted recurrent selection (Ribaut and Ragot, 2007) and genome-wide selection 

(Bernando and Yu, 2007) have also been suggested to improve yield under drought. 
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V. Constraints and lacunae in rice breeding 

   Drought has long been considered as the most severe factor affecting rice production. 

At the same time, the complex nature of this trait has long been discussed. However, 

matching efforts to tackle this situation have not been put forth by either breeders or 

research managers. The complex research problems can be resolved only by making 

concentrated efforts at scientific and management levels. There is a lack of trained drought 

breeders and physiologists dedicated to work on this problem and a link of breeders and 

physiologists with molecular biologists is missing. Very few breeding programs situated in the 

rainfed drought-prone ecosystem have a systematic drought breeding program and 

screening. Even at institutes that have a drought breeding program, there is little activity to 

systematically screen drought tolerant donors, study their combining abilities, and develop 

prebreeding lines for use in a drought breeding program. In the national system, in most of 

the countries, yield testing in rainfed environments is still done under irrigated conditions, 

providing favorable conditions for a drought-susceptible variety to excel. 

  Future focus and opportunities in rice breeding 

With the predicted increased severity and frequency of drought occurrence in days to 

come, it is necessary to commit resources to develop a trained mass of drought breeders and 

physiologists and link them with molecular biologists to practically use published research. 

Realization has to be generated among breeders to screen breeding lines under severe stress 

with mean yield of less than 1.5 t ha
-1

. Rejecting trials with high yield under drought rather 

than rejecting trials with low yield could strengthen regulations to conduct rainfed trials 

unirrigated. For rainfed drought-prone ecosystems, the most appropriate strategy would be 

to test yield under two situations, irrigated and severe drought, in order to select lines 

combining high yield under both situations. This would require additional resources to be 

added to the present system of testing. Proof of concept that conventional breeding based on 

direct selection for yield under artificially imposed drought stress can result in actual gains in 

drought resistance (Venuprasad et al., 2007; Kumar et al., 2008; Jongdee et al., 2006) needs 

to be introduced in breeding programs. The development of near-isogenic genetic stocks that 
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differ in drought resistance (Bernier et al., 2009A) will lead to better understanding of 

molecular and physiological mechanisms of drought. At the molecular level, sequencing of the 

rice genome and the development of new genomics and post-genomics tools for detecting 

genetic polymorphism, gene discovery, and functional analysis of stress-related genes and 

mechanisms (IRGSP, 2005; McNally et al., 2009), and the localization of QTLs with large 

effects on yield under drought stress that may be useful in marker-aided backcrossing 

(Bernier et al., 2007; Venuprasad et al., 2009; Yue et al., 2005) have opened a new era. 

Pyramiding three or more QTLs to enhance yield under drought could be a possible strategy 

for the near future.  
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VIII. Conclusions 

Because of the damage caused to rice production in 2002, many institutes have begun 

a systematic drought breeding program that is now in an early stage. Recent results 

employing direct selection for grain yield in managed delayed wet-season screening in India 

have identified several breeding lines with a 0.8 to 1.2 ton per hectare yield advantage over 

current cultivated varieties IR36, IR64, Swarna, and Sambha Mahsuri under drought while 

maintaining the same yield potential under normal irrigated situations. Recent reports on the 

identification of major QTLs for grain yield under drought are likely to encourage many 

institutes to devote efforts toward marker-assisted approaches to improve drought tolerance. 

As drought breeding programs begun at many institutes mature, develop suitable pre-

breeding lines for their use, and establish strong linkage between molecular biologists and 

breeders to have systematic marker-assisted breeding in place, rice yield under drought can 

be appreciably enhanced in the years to come. 

Figure 1: Decrease in rice production in drought years as compared with the previous year  

 

 

 

 

 

 

 

 

Figure 2: Percent decline in production of rice, pulses, oilseed, and wheat in  
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Figure 2: Percent decline in production of rice, pulses, oilseed, and wheat in drought years 

in India 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Scatter plot of yield under dry-season drought at IRRI and wet-season drought at 

the reproductive stage in India (Source: Verulkar et al., 2010) 
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Figure 4:  Schematic approach in breeding for drought resistance 

 

F2 (2500-5000 plants per cross) (irrigated) 

Selection for plant type, yield potential, height, grain type, blast 

50-100 selections per cross 

 

F3 (50-100 plants per cross) (irrigated) 

Selection for plant type, yield potential, height, grain type, bacterial blight 

25-50 selections per cross 

 

F4  (25-50 plants per cross) (drought) 

Selection for yield under drought 

No. of plants per cross variable depending upon combination of high yield and drought 

tolerance 

 

F5 (2000-3000 plants) (irrigated) 

Selection for plant type, yield potential, height, grain type, BlB 

Select four plants from selected lines only 

 

F6 block nursery (2000 selected plants, 1-4 plants from each line, from selected lines from 

several populations) (irrigated, drought) 

(Selection for high yield potential, yield under drought, plant type, grain quality, blast) 

 

F7  OYT (200-250 advanced lines from several populations) 

Replicated trials under irrigated, drought 

(Selection for high yield potential, yield under drought, plant type) 

 

F8  AYT (100-125 advanced lines from several populations) 
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Replicated trials under irrigated, drought 

(Selection for high yield potential, yield under drought, plant type, grain quality, blast, BB) 

 

Participatory varietal on-farm testing (mother trial – 20 entries) 

Larger plot size in drought-prone areas 

Also entered in national system of testing for varietal release process 

 

Participatory varietal on-farm testing (baby trial – 2 entries with check for each farmer) 

Larger plot size in drought-prone areas 

Promising entry continues testing in national system for varietal release process 

Identify lines for release, initiate breeder seed multiplication 

 

Release of line and large-scale seed multiplication 

Distribution of truthfully labeled seed and later certified seed 

 

Figure 5: Proposed plan for pyramiding three major drought yield QTLs 
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Table 1: Traditional, improved, and QTL lines suitable for use as donors in a breeding   

                program 

S.N0. Donor Classification Situation Blast 

1 Kalia Traditional Upland 3 

2 Dular Traditional Upland 4 

3 N 22  Traditional Upland 0 

4 Vandana Improved Upland 5 

5 IR71525-19-1-1 Improved Upland 1 

6 CR 143-2-2 Improved Upland   - 

7 Thara Traditional Upland   - 

8 Birsa Gora 102 Sel. Gora Upland   - 

9 SATHI 34-36 Sel. Sathi Upland   - 

10 Black Gora Traditional Upland   - 

11 UPL RI 7 Improved Upland   - 

12 Apo Improved Lowland, upland 0 

13 IR 55419-04 Improved Lowland, upland 0 

14 PSBRc80 Improved Lowland 0 

15 AUS 257 Traditional Lowland 0 

16 IR77298-14-1-2 Improved Lowland 5 

17 IR80461-B-7-1 Improved Lowland 1 

18 IR83614-1002-B-B Improved Lowland 4 

19 Annada Improved Lowland  - 

20 IR84170-1519-B Improved Lowland 0 

21 IR83614-1003-B-B Improved Lowland 4 

22 IR84984-83-15-481-B-B 

QTL DTY12.1 

donor Upland  - 

23 IR84170-1733-B QTL DTY2.2 donor Lowland  - 
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Table 2: Overall mean of genotypes pooled across environments (location x year x stress level) 

under irrigated control and managed-stress conditions for 100-120 days’ duration in an 

experiment (Source: Verulkar et al., 2010) 

 

 Breeding lines 

Days to 

heading  

Grain yield (t ha
-1

) 

 

Reproductive stage Vegetative 

stage     Control Moderate Severe 

IR79906-B-5-3-3 92 5.8 3.1 1.6 0.59 

IR69515-6-KKN-4-UBN-4-2-1-1-1 85 5.5 3.4 1.6 0.91 

IR70213-10-CPA-4-2-2-2 91 5.5 3.4 1.6 0.62 

ARB 8 79 4.5 3.8 1.9 0.91 

IR70215-70-CPA-3-4-1-3 84 4.8 3.2 1.9 0.59 

IR74371-54-1-1 86 5.2 3.4 1.5 0.63 

IR78937-B-4-B-B-B 91 5.5 2.7 1.7 0.55 

DGI 75 80 5.2 3.2 1.6 0.85 

IR74371-70-1-1 84 5.2 3.2 1.6 0.78 

IR79913-B-399-B-2 89 5.2 3.1 1.7 0.46 

IR70844-10-SRN-43-1-B-B-1-1 89 5.1 3.3 1.6 1.09 

IR69502-6-SRN-3-UBN-2-B-2-2-2 91 5.8 2.9 1.3 1.06 

IR78908-80-B-3-B 82 5 3.5 1.5 0.71 

24 IR86918-B-382 QTL DTY1.1 donor Lowland  - 

25 IR86931-B-30 QTL DTY1.1 donor Lowland  - 

26 IR86929-B-482 QTL DTY1.1 donor Lowland  - 

27 IR88287-521-1-B QTL DTY3.1 donor Lowland  - 

28 IR88286-830-1 QTL DTY2.1 donor Lowland  - 
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IR55419-04 84 4.7 3.3 1.8 0.89 

IR78875-23-B-2-B 90 5.3 2.6 1.8 0.43 

ARB 3 77 5 3.1 1.7 1.13 

IR74371-46-1-1 86 5.1 3 1.7 0.67 

DGI 307 84 5 3.1 1.6 0.86 

IR74371-78-1-1 82 5.1 3 1.6 0.52 

ARB 7 78 4.5 3.5 1.7 0.57 

Poornima 79 4.3 3.8 1.5 0.91 

IR78908-39-B-2-B 86 5.4 3.3 1.1 1.13 

Tripuradhan 81 4.5 3.4 1.7 1.21 

Apo  90 5 3.1 1.3 0.46 

MTU 1010 85 5.1 2.8 1.4 0.93 

Baranideep 82 4.6 2.9 1.5  - 

IR64 87 5.1 2.6 0.9  - 

IR36 87 4.4 2.3 0.7  - 

IR79956-B-60-2-3 91 4.2 1.8 1.0 0.71 

IR20         0.25 

Mean 86 4.7 2.7 1.3 0.77 

SE 4 0.6 0.6 0.5 0.06 

% reduction compared with control     42 73 71 
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Table 3: Overall mean of genotypes pooled across environments (location x year x stress        

               level) under irrigated control and managed-stress conditions for greater than 120      

              days’ duration in an experiment (Source: Verulkar et al., 2010) 

 

Breeding lines 

Days to  

heading 

Yield (t ha
-1

) 

 

Reproductive stage Vegetative 

stage     Control Moderate Severe 

Swarna/IR42253-55-207 97 6.2 3.7 1.9 0.79 

Swarna/IR42253-54-116 91 5.4 3.5 2.3 0.47 

Swarna/IR42253-64/113 94 5.9 3.0 1.5 0.61 

IR70210-39-CPA-7-1-1-4-2 98 5.5 3.6 1.3 0.73 

R 1234-1-1 100 5.5 3.7 0.7 0.56 

PSBRc 14 103 4.9 3.7 1.3 0.54 

PSBRc 82 105 5.0 3.2 1.3 0.61 

IR72875-94-3-3-2 105 5.1 3.4 1.0 0.26 

IR78875-123-B-4-B 92 5.2 3.0 1.0 0.57 

IR78877-181-B-1-2 89 4.6 2.8 1.5 0.62 

IR72176-140-1-2 103 5.1 2.8 1.0 0.44 

IR70181-3-PMI-1-UBN-1-B-1-1 114 4.8 3.4 0.6 0.32 

IR78875-207-B-3-B 102 4.8 2.5 1.5 0.44 

IR69502-6-SRN-3-UBN-1-B-1-2 112 5.5 2.5 0.5 0.36 

IR78908-180-B-2-B-B 95 4.4 3.2 0.8 0.61 

IR64683-87-2-2-3-3 105 4.0 3.1 1.2 0.51 

IR70198-33-CPA-4-UBN-2-1-2-2-1 102 5.0 2.8 0.3 0.43 

IR78908-201-B-3-B-B 93 3.9 2.8 1.4 0.51 

IR79907-B-389-B-2 97 4.7 2.0 1.3 0.66 
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IR70182-18-PMI-7-UBN-2-B-1-1-1 102 4.4 2.7 0.7 0.37 

IR77298-14-1-2 99 4.2 2.8 0.8 0.53 

IR78908-72-B-1-B-B 93 3.7 2.3 1.6 0.75 

IR77080-B-6-2-2 102 4.5 2.4 0.7 0.46 

IR70215-70-CPA-3-4-1-3 106 4.5 2.6 0.6 0.36 

IR78908-140-B-1-B-B 95 4.2 2.4 0.9 0.74 

IR70181-32-PMI-1-1-4-2 111 4.5 2.3 0.7 0.48 

IR68815-51-PMI-2-UBN-2-5-B-2 111 4.7 2.0 0.7 0.34 

PSBRc 9 111 4.4 1.7 1.1 0.69 

IR69502-1-SRN-1-UBN-1-B-8-3-1-2 117 4.2 2.5 0.4 0.36 

IR71466-55-3-B-1-1 105 4.3 2.6 0.2 0.45 

IR70844-72-1-B-2-1 118 4.4 1.5 0 0.19 

Sambha Mahsuri 107 4.8 3.2 0.1 0.00 

Mahamaya 91 5.1 2.2 0.8 0.44 

Swarna 107 5.3 2.2 0.6 0.00 

Mean   99  4.80  2.70 0.80  0.48 

SE  7 0.7  0.90   0.60 0.06 

% reduction compared with control      41  83 79 

 


