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Abstract 

 

Drought is one of the most challenging abiotic stress factors for rice 

production in Vietnam. The objective of this study was to evaluate the drought 

tolerance ability of 170 rice landraces in the laboratory and net house conditions. In 

laboratory bioassay, 42 out of 170 landraces were high drought tolerance at the 3% 

of KCLO3 treatment in the germinating and seedling stages. In net house condition, 

20 landraces revealed high tolerance and attained yield over 80% to compare with 

the controls in the tillering and ripening stages. Combining the results attained in 

both laboratory and net house conditions, 15 rice landraces showed high drought 

tolerance ability with stable yield under the drought conditions. Our results may 

provide useful information on Vietnamese rice landraces for improving drought 

tolerance in rice breeding programs. 
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Introduction 

 
Vietnam is located in central of semi-rice civilization, along with the 

segmentation of both parallel and altitude, terrain which made the ecological 

subregions are varied with greatly genetic rice germplasm resources. It has estima- 
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ted that there are more than 10,000 to 12,000 rice genotypes/landraces and 

classified into 3 types: Indica (98%), Japonica (9.5%); unidentified (1.5%), the wild 

rice and its relatives are cultivated and available in both uplands and lowland in 

across this country [1-2]. Those rice germplasms are important and precious genetic 

resources for abiotic and biotic stress tolerances, especially drought tolerance traits.  

Rice (Oryza sativa L.) is a principal food in Vietnam and plays a key role in 

economy growth of the country. However, in recent years, due to the adverse 

impacts of climate change, the lack of rainfall, increasing heat stress and decrease 

of groundwater levels have been aggravated in most of the rice-growing areas with 

greater severity, caused the most extensive drought over the last 90 years [3]. The 

worse drought impacts have strongly affected 400,000 ha cropland and 224,552 ha 

of cultivated rice in 2016, caused rice yield reduction by 50-100% [4]. 

 Drought stress is a very complex trait involving a series of interacting 

internal mechanisms and external factors for recovery, avoidance, resistance and 

escape [5]. It is a major factor to reduce the productivity of crops including rice and 

is a threat to food security in this country [6]. One of the most feasible methods is 

to generate rice drought tolerance varieties which help to increase yields under 

water deficit stress. Therefore, the objective of this study was to evaluate the 

drought tolerance of a number of rice varieties/landraces in the laboratory and net 

house conditions. The attained results may provide useful information for drought 

tolerance of Vietnamese rice landraces for breeding programs. Future research 

should be focused on field screening and identifying responsible genes for drought 

tolerance of those rice landraces. 

 

Materials and Methods 

 
Materials 

A total of 170 rice landraces were collected in the different areas across the 

country and also kindly provided by Field Crop Research Institute were evaluated 

for drought tolerance in the laboratory and net house conditions. 

 

Methods 

 

Evaluating drought tolerance of the rice landraces at germination and seedling 

stages 

 

Evaluating drought tolerance was done in the laboratory condition following 

the method of CIMMYT [7]. Briefly, the 100 seeds of each accession were soaked 

in KClO3 solution at the different concentrations: 0% (distill water), 1%, 2% and 

3% for 48 h, after that rinsed several times with neutral water, then transferred to 

Petri dish with the moist filter paper for germination. After 7 days of sowing, the 

percentage (%) of germinated seeds, black roots was calculated for drought 

tolerance as follows:  

(%)Germinated seeds =(number of germinated seeds/total number of seeds) x 100   

(%) back roots =(number of black roots/total number of seeds) x 100 
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  Similarly, for seedling stage evaluation, seeds of each landrace were sown 

in a tray until 3 leaves. Selected 10 healthy seedlings were then placed in the 

experimental tuber, added with the different concentrations of KClO3 (0%-distill 

water, 1%, 2% and 3%) for 8 h, then observed the number of black seedling roots. 

Black seeded roots were calculated by the formula: (%) Black-seeded roots = 

(Number of black-seeded roots/Total number of seedlings) x 100. 

 

Evaluating drought tolerance of rice landraces in net house conditions 

 

The 7 days old previously grown in the tray of each landrace were planted 

in the pots (20 cm x 30 cm), filled with sand. All pots were transferred in the net 

house condition 25-30oC. Two different treatments were done as follows: (1) 

artificial water deficit experiment: All pots were saturated with tap water up to 1 

cm above the sand surface in the pots, added with nutritional supplementation as 

the conventional application, then kept drought completely. This drought cycle was 

repeated at maturing, flowering and ripening stages; (2) Watering experiment: after 

rice seedlings were transplanted in the pots, added water enough (0.5-1 cm) from 

the sand surface during the growth and development of rice plants. Two rice 

varieties CH19 and LC93 with high drought tolerance were used as the control. 

Each experiment was repeated at least 5 times  

The complete drought calculation: At the end of the drought cycle, every 3 

days, the sand samples from the surface to the bottom of pots were taken and 

weighted until the absolute humidity < 20% (the seedlings were unable to absorb 

nutrition) is considered to be completed drought level. Leaf rolling evaluation was 

scored as follows:  score 0: (leaves healthy); 1 score: leaves start to fold (shallow); 

score 3: leaves folding (deep V-shape); score 5: leaves fully cupped (U-shape); 

score 7: leaf margins touching (0-shape); score 9: leaves tightly rolled. For leaf 

senescence score rating (tillering stage under complete water deficit stress): score1: 

delayed leaf senescence, stay-green; score 5: moderate leaf senescence (lower 

leaves change yellow color); score 9: early and rapid leaf senescence (all leaves 

change yellow or dead). The evaluation criteria were done following the method of 

IRRI (2002) [8].  

 

Statistical Analyses 

 

All data were statistically analyzed using Excel version 2016, and 

IRRISTAT 5.0. 

 

Results and Discussion 
 

Evaluation of drought tolerance of rice landraces at the seedling stage 

 

In this study,  the seeds of all landraces were treated with different 

concentrations of KCLO3 to assess the drought tolerance at the germinating and 

seedling stages. Among 170 rice landraces, we found that susceptible to drought  
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(15 samples), moderate (52 samples), good tolerance (70 samples) and high 

tolerance (33 samples) at the 3% of KCLO3 treatment. For 2% KCLO3, 10 samples 

were susceptible to drought, moderate (25 samples), good drought tolerance (93 

samples), high tolerance (42 samples). At 1% and 0% treatments, the germination 

rate of all samples was ranged from low to medium, accounted for 35% to 90%, 

respectively (Table 1).  

 

Table 1. Drought tolerance ability of rice landraces treated in KCLO3 at the 

different concentrations of KCLO3 

 
No GR (%) DTL GR  KClO3(3%) GR  KClO3(2%) GR  KClO3(1%) 

NS R (%) NS R (%) NS R (%) 

1 0 - 35 Low 15 8.9 10 6.0 0 0 

2 36 - 60 Moderate 52 31.0 25 14.9 2 1.2 

3 61 - 85 Good  68 40.5 91 54.2 10 6.0 

4 86 - 100 High 33 19.6 42 25.0 153 92.7 

Total 168 100.0 168 100.0 165 100.0 
GR: Germination rate; DTL: Drought tolerance level; NS: Number of samples, R: Rate 

 

Table 2. The groups of rice landraces showed high drought tolerance during the 

germinating stage 
No ID Variety name Control 

(water) 

KCLO3 3% 

R (%) CC (%) 

1 161 Tan nhe- 2 94.3 76.0 80.59 

2 165 Lua nương  96.3 77.7 80.69 

3 33 Khau munuong 98.3 80.3 81.69 

4 125 Khau dien lu 93.0 77.3 83.12 

5 159 Te Ka cham pi -1 94.3 80.7 85.58 

6 142 11L12 91.0 79.7 87.58 

7 170 PC6 97.3 86.0 88.39 

8 186 Khau lan, gan mon 68.3 61.7 90.34 

9 141 11L108 97.0 87.7 90.41 

10 81 (BT/ST)-81 97.7 90.3 92.43 

11 91 BT/LT2-91 100.0 93.0 93.00 

12 172 Pet mung canh vang 99.0 92.3 93.23 

13 87 OM5451-87 99.3 93.3 93.96 

14 118 OM3536 100.0 94.0 94.00 

15 63 Lua nuong-63 99.0 93.3 94.24 

16 65 AC10 97.7 94.3 96.52 

17 86 DT7/LT2//BT7 98.7 96.3 97.57 

18 31 Khau mumoong 99.7 97.7 97.99 

19 195 Nep puoc chia 99.3 98.0 98.69 

20 122 Nep meo nuong 97.7 99.3 100 

21 72 AC5/Q5//C70 -72 85.7 88.3 100 

22 124 Te nuong 84.3 88.7 100 

23 123 Lua ngoi 86.3 96.0 100 

24  CH19 (DC) 97.3 97.3 100 

25  LC93 (DC) 97.7 97.7 100 

CC: Compared to the control; DC: drought tolerance control variety 
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The samples with a high germination rate at the concentration of KCL3(3%) 

to compare with the control (distilled water) were grouped and selected as high 

drought tolerance landraces as shown in Table 2 

 

We have further observed the drought tolerance based on the rate of black 

roots during the seedling stage of all samples. The results revealed that 119 samples 

(drought-sensitive landraces, accounted for 79.3%), 3 samples (moderate tolerance, 

3.0%), 1 sample (good drought tolerance, 0.7%), and 27 samples showed high 

drought tolerance (18.0%) as presented in Table 3. Taken together, the samples with 

a low rate of wilted plants (black roots) under drought treatment of KCLO3 (3%) to 

compare with the control treatment, are considered as the good and high drought 

tolerance  

 

Table 3. Drought tolerance ability of the samples based on the rate of black roots 

treated with 3% of KCLO3 

 
No Rate of black roots (%) Drought resistance level Number of variety rate (%) 

1 71 - 100 low 119 79.3 

2 41 - 70 Moderate 3 2.0 

3 21 - 40 Good 1 0.7 

4 0 - 20 High 27 18.0 

 

Evaluating drought tolerance of rice landraces in the net house conditions 

 

Rice is highly sensitive to water deficit during the reproductive stage, 

causing a significant reduction of rice yield [6]. The yield of rice grains under the 

drought condition is one of the basic traits for initial selection before launching a 

breeding program. Yield and yield components are significantly influenced by the 

adverse conditions, especially drought stress, some characteristics such as leaf 

rolling, leaf dryness, unfilled and spikelet fertility are the main traits to select high 

drought tolerance of rice varieties for the crop scientists.  

In this study, the leaf rolling was observed and scored. The results showed 

that 12 samples were not affected leaf rolling by score 1 at the tillering stage in both 

spring and summer seasons. No leaf rolling was found in 3 samples in the spring 

season, but showed leaf rolling at score 3 in the summer cropping season. The other 

remaining samples had different score ratings in both cropping seasons. Negligible 

influences were found in all samples at the tillering stage because the rice plants 

were young and easily and promptly recovered when water deficit started occurring. 

Therefore, we monitored the effects of complete drought stress in the flowering and 

ripening stage. The results showed that 52 landraces appeared leaf dying at scores 

0-1 and 1-3 in both spring and summer seasons. For the foliage level, most samples 

exhibited at score 5 in both cropping seasons, 19 samples were at score 1 and 1-3 

in two crops. Drought tolerance through the ability to recover after drought in the 

stage of tillering and differentiation. We see that most of the seed samples have the 

ability to recover at the score rating 1 in both cropping seasons.  
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 Drought tolerance through the ability to escape under drought tolerance at 

maturity stage, we found that there were 27 rice samples with good escape ability 

(score 1) or average (score 3) in both crops, the rest was score 5 or 7. The sexuality 

of the seed samples in both seasons also differed, but most of them were at 1 or 3. 

Overall assessment of drought tolerance of rice varieties through monitoring of 

leafroll, tolerance At different stages, we have 27 seed samples that can tolerate 

water deficits by score 1 or score 3. 

Drought tolerance through grain yield: Rice yield is the ultimate goal of rice 

drought tolerance landrace. A good drought-tolerant rice variety is considered to 

have no decrease or slight yield reduction under drought stress compared with the 

controls. We found that, in the summer cropping season, the seed samples had a 

higher rate of flattened rice grains. The highest ratio of unfilled and flattened grains 

was found in the drought treatment formula by 60%. However, the weight of 1000 

grains was not significantly fluctuated during the summer and spring growing 

seasons  

The individual yield of rice landraces in summer crops was lower than in 

spring crops in both formula treatments. Nevertheless, except for sample 55 in the 

watering formula had a higher individual yield in the summer crop than in the spring 

crop due to the higher number of effective spikelets per plant. In the drought 

formula, sample 185 had the lowest individual yield in both crops. In the drought 

treatment condition, the yield and yield components such as the number of 

spikelets/plant, the average yield of gains/spikelet decreased sharply compared to 

the control. Especially, the average yield of gains/plants decreased by over 50%. In 

general, the rice landraces with good drought tolerance have a trend to slightly 

decrease their yield under drought stress compared to the samples in water-

sufficient condition (Table 5).  
 

Table 5. Individual yield of some rice landraces showing high drought tolerance in 

the net house conditions 

 
No ID Name of landrace YWC (g/plant) YDS(g/plant) YDS 

 (%) 

1 118 OM3536 30 24.0 80.0 

2 146 AC5///CH133 17.9 14.4 80.4 

3 195 Nep puoc chia 36.7 29.6 80.7 

4 172 Pet mung canh vang 16.8 13.6 81.0 

5 85 CL8/AC5 32.8 26.8 81.7 

6 77 A. hung cha-2 19.4 15.9 82.0 

7 82 (N46/ĐB6) -82 34.5 28.3 82.0 

8 119 Toc lun 23.7 19.7 83.1 

9 86 DT7/LT2//BT7 20.5 17.2 83.9 

10 31 Khau mumoong 18.5 15.9 85.9 

11 58 D139 21.8 18.8 86.2 

12 72 AC5/Q5//C70 -72 30.1 26.2 87.0 

13 65 AC10 29.4 25.6 87.1 

14 63 Lua nuong-63 14.8 12.9 87.2 
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Table 5 (continued). Individual yield of some rice landraces showing high drought 

tolerance in the net house conditions 

 
15 21 OM6877 27.5 24.0 87.3 

16 91 BT/LT2-91 19.2 16.9 88.0 

17 87 OM5451-87 25.1 22.6 90.0 

18 68 Khau mu lai dong 1 14.9 13.5 90.6 

19 81 (BT/ST)-81 10.7 9.7 90.7 

20 30 Khau mumeeng 14.6 13.5 92.5 

  CH19 (control) 22.8 18.9 82.9 

  LC93 (control) 29.7 24 80.8 

YWC: Yield attained in watering condition; YDS: Yield attained in drought stress; YDS: 

Yield attained in drought stress 

 

 

Table 6. The promising drought tolerance of rice landraces in the laboratory and 

net house screening conditions 

 

No Name of rice landrace  ID Collected areas  

1 Khau mumeeng 30 Ta Van, Sa Pa, Lao Cai 

2 Khau munuong 31 Ta Van, Sa Pa, Lao Cai 

3 (BT/ST)-81 81 FCRI 

4 OM5451-87 87 Cuu Long Delta Rice Research Institute 

5 BT/LT2-91 91 FCRI 

6 OM6877 21 Cuu Long Delta Rice Research Institute 

7 Lua nuong-63 63 Bac Ha, Lao Cai 

8 AC10 65 FCRI 

9 AC5/Q5//C70-72 72 FCRI 

10 DT7/LT2//BT7 86 FCRI 

11 A. hung cha-2 77 Ta Van, Sa Pa, Lao Cai 

12 Pet mung canh vang 172 Na Tau, Dien Bien, Lai Chau 

13 Nep puoc chia 195 Na Tau, Dien Bien, Lai Chau 

14 AC5///CH133 146 FCRI 

15 OM3536 118 Cuu Long Delta Rice Research Institute 
 

      By combining the results obtained from the laboratory and net house conditions, 

15 promising rice landraces have shown high drought tolerance in both screening 

conditions as shown in Table 6. The attempts to evaluate the drought tolerance of 

rice varieties have been sporadically done in some recent years, of which Huynh et 

al [6] screened 52 rice varieties collected in Cuu Long river delta in the artificial 

condition and confirmed by molecular markers. Four varieties L8, MTL812, Lua 

Canh and VB1 showed good drought tolerance and were recommended to use for a 

breeding program. In this study, 15 rice landraces have been recommended and 

should use them as genetic materials to develop and improve drought tolerance for 

rice breeding programs.  
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Conclusions 
 

         In summary, by screening 170 rice landraces, we found 20 rice landraces 

showing high drought tolerance with stable yield by over 80% under drought 

conditions. Our attained results would be important, not only for commercial 

cultivation under the drought-affected condition but also for an exploitable breeding 

program in this country. 
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