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  New plant variety protection system and the 
cultivation of water-saving and drought-

resistance rice (WDR)



Rice
32.24%

Maize
39.11%

Wheat
19.98%

Rice is the most important food crop.

Total grain output: 0.65 billion tons.

Cultivated land and environment bearing forward:

         70% of agricultural water consumption.

         One third of the world's chemical fertilizer and pesticide use.

The output structure of China in 2019
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1、The increase in the national 
average rice yield is limited

Chen Yuping et al.2009. Agricultural economy problems. (in Chinese)

The loss of rice in China is about 143-250 kg/hm2

The serious loss of rice reached 2700 kg/hm2

Drought before planting
Drought at Seedling Drought occured at late  

development stage 



2. Rice production relay on much labor 
force, while the economic benefit is low

lowland rice are poor in drought resistance and not leaving water.
It is not suitable for large scale mechanization because of poorly direct seeding character.
It's getting more expensive to plant.



3. Rice accounts for 50% of the total water 
consumption  

2002    2200 m3

2030    1800 m3

The high yield of grain depends 
on groundwater irrigation

Water resources per capita are declining in a  
water short country

Irrigation water shortage 
exceeds 120 billion m3 
every year



化肥利用率低：
    氮肥35%，磷肥25%

排放量占比

4.Traditional rice production caused serious 
environmental pollution
With the increase of pesticide and fertilizer application, the environmental 
pollution becomes more and more serious.
              
                               

A lot of pesticides were used, whlie utilization 
rate is only 30% 

Low fertilizer utilization
Nitrogen fertilizer 35%
Phosphate fertilizer 25%



Slides from  Yan X Y(2014)

5. Rice production produces a lot of 
greenhouse gases
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   《Climate Change Assessment report》
         Year         Tm increased
         2020          1.1 - 2.1 0C
         2030          1.5 - 2.8 0C 
         2050          2.3 - 3.3 0C

By 2100, yields were reduced 
by 39% and arsenic levels in 

rice tripled

Global temperature to exceed 
35 degrees Celsius several 

times in 2070-2100



Troubles: 1. Rice varieties are greatly affected by  
                  extreme environment.
                  2. Fresh water resources are very limited.
Solution: To cultivate drought-resistance and 
                 ecologically friendly rice varieties.



Evolution and differentiation between lowland 
and upland rice

Oryza rufipogon Grif
From

 dry land to paddy fields

Upland rice, 100 kg/mu

Upland is easy to planting.
The environmental pollution was lower 
compared to traditional rice variety 
produced.

Water demand increased
Drought resistance and direct 
seeding decreased

Traditional rice variety
200 kg/mu

1 mu=667 m2



Xia et al. 2014,Plos One

Several selective Loci of drought-responding ESTs  were 
identified to associated with the drought resistance of rice

There was significant genetic differentiation between lowland 
and upland rice

lowland japonica  
upland japonica 
lowland indica 
upland indica 
Oryza rufipogon Grif



Xia et al. 2020 BMC Genomics

  
The morphological, 
p h y s i o l o g i c a l 
r e s p o n s e s ,  g e n e 
b e h a v i o r s  a n d 
b i o l o g i c a l 
mechanisms  were 
di f ferent  between 
drought-tolerant and 
susceptible cultivars 
i n  r e s p o n s e  t o 
drought stress.



What is WDR?

Upland rice variety is easy 
to planting.
The environmental 
pollution was lower 
compared to traditional rice 
variety produced.

Modern rice > 800 kg/mu

High yield, good quality and 
disease resistance
Poor water saving and drought 
resistance, adverse direct 
seeding

Traditional rice variety
200 kg/mu

Water-saving and 
Drought resistance Rice

Upland rice, 100 kg/mu

Water demand increased
Drought resistance 
decreased and direct 
seeding decreased

From
 dry land to paddy fields

Advantages and disadvantages



•Paddy field direct seeding with drought management, water saving 
50%, reduce pesticide fertilizer, stable rice yield 
•Dry land direct seeding with drought management, expand rice 
planting area.
•Save labour and plant easily, and greatly reduce diffuse pollution 
and greenhouse gas emission. 

《Journal of Experimental botany》Published concept and cultivate strategies 

2013

Second Prize 
of National 
Science and 
Technology 
Invention

2016

The Ministry of 
Agriculture 
promulgates 
industry 
standards related 
WDR 

2020

First Prize of 
National 
Scientific 
and 
technological 
progress

The development of WDR varierty: from concept to practice and 
theory



1.Drought Avoidance, DA

2.Drought Tolerance, DT

3.Drought Recovery, DR

Luo Lijun. 2010 JXB

Drought resistance of crops



Drought avoidance

气孔关

气孔开

IRAT 109, a upland  rice  cultivar from Africa, was 
found  with higher  RDR and DA, was widely used 
in both gene identification and WDR breeding 
program 

Lou et al. 2015 JXB

Deep root ratio (RDR) is an important index to 
measure drought resistance

 upland rice   WDR   lowlandrice



Drought tolerance

旱敏感       耐旱 
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Drought recovery



Achievements

There are 27 certified varieties, including 5 Chinese 

certified varieties and 22 provincial certified varieties. The 

research has been published in many journals such as in 

Cleaner Production, Molecular Plant, Plant Biotechnology 

Journal, Journal of Environmental Botany, Sciticific Report, 

Frontiers in Plant Science and so on.



HanYou73: Application for plant variety rights



HanYou73: was certification in Anhui, Hubei and Guangxi provience

High yield and quality

Water-saving drought-resistant

high temperature tolerance

and direct seeding



Easy cultivation

Resistance to direct seeding
Rooting capacity, flooding tolerance, weeds (rice)

Efficient use of fertilizer

Environment friendly.....

The character of WDR variety



19 days after sowing

48 days after sowing

8cm播种深度

HanHui3                         HanYou73

Resistance  to direct seeding  
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High efficiency use of phosphate fertilizer

Fig.1 The effect of irrigation quantity on 
phosphorus (P) accumulation of WDR  

Fig. 3 The heat map of organic acids from root of
the WDR and lowland rice variety

Bi et al.2021 J. Cleaner Production



rainfed 
screening

Hillside 
screening

Facility 
evaluation

Irrigated rice Upland rice

Hillside 
screening

rainfed  
screening
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Irrigated field screening

New variety

How to cultivate WDR variety? 



The goal of developing WDR variety

         1. For paddy fields: Change cropping methods

2. For dry land: adjust planting structure

       3. For new land: expand rice production area



安徽蚌埠2019

Changing the traditional way of growing rice
Realize resource saving and environment 
friendly!

I. Paddy field: water (drought) direct 
seeding and drought management

Areas for developing WDR variety

Mature stage

Tillering stage
Seeding stage

Panicle stage Mature stage

Tillering stage



II. Upland cropping (prone to waterlogging)

Adjust crop planting structure

Realizing value-added farmland to increase farmers' incomes 

Areas for developing WDR variety



III farmlands abandoned
Basic farmland will go up the mountain

Target areas for WDR variety



The performence of  WDR 
variety Hanyou3 in Guangxi 
provence in 2021

hillslope



Huhan61（WDR） Xiushui134（CK）           （%）

  Input               Water（m3/mu） 210 450 -53.30%

                         Urea（kg/mu） 6 25 -76.00%
 Output                yield（kg/mu） 717.9 679.1 5.40%
                          grain quality excellent quality general
  Emission nitrogen（g/mu） 19.63 68.05 -71.20%

phosphorus（g/mu） 7.2 11.68 -38.40%
CH4（mg/mu） 100 500 -80.00%
2methyl4chlorodicarbonamide
（mg/mu） 0 27.24 -100.00%

orthene（mg/mu） 0 4613.1 -100.00%

avilamycin（mg/mu） 0 172.9 -100.00%

indoxacarb（mg/mu） 1.14 9.92 -88.50%
            nitenpyram（mg/mu） 124.82 1004.94 -87.60%

bentazone（mg/mu） 0 4687.9 -100.00%

Reduction emission demonstration of WDR variety direct seeding in lowland field

Data from Jinshan district of Shanghai in 2018



缅甸

Pakistan
缅甸

NigeriaVietnam

WDR are going international



Environmental factors,  such as drought,  direct seeding,  high 

temperature and flooding resistance, make it more and more urgent for 

agriculture to breed superior varieties.  In the process of DUS testing, it 

is necessary to evalute the drought resistance of plants to cope with the 

climate change. Whether these stress-related traits can be selected for 

testing which needs further discussion in the future. 

Consideration




