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Innovation in life sciences 
 

Quercetin application for 
abiotic stress protection 

 

Spray-on application of quercetin improves 
 water use efficiency in crops 

 

Protecting yield in crop plants 
 

Demonstrated in wheat, rice, tomato and other 
species 

 

Crop yield is impacted by water-limitations and therefore making crops more tolerant to conditions of water shortage and 

improving their water-use efficiency (WUE) has an immense agronomic benefit. Generally water shortages are recognized as 

a critical constraint for achieving food security in many areas of the world. 

 

Plants lose water via transpiration through stomata, which also play a crucial role in regulating CO2 uptake for photosynthesis. 

The amount of CO2 fixed by photosynthesis relative to the amount of water vapour lost to the atmosphere is termed water-use 

efficiency (WUE) and stomata are the primary control point determining WUE. A key aim in agriculture is to make improvements 

in WUE through reduced water loss without impacting CO2 uptake, carbon assimilation and photosynthesis.  

 

Now Professors Guangmin Xia at Shandong University and Xiangdong Fu at the Institute of Genetics and Developmental 

Biology and their co-workers have demonstrated that application of quercetin to plants reduces the plant’s water requirement 

without any detrimental effects on carbon fixation, nitrogen assimilation and plant growth. Quercetin applications promote 

stomatal closing while boosting photosynthetic activity, thus negating the effects of reduced stomatal conductance on carbon 

fixation. The inventors have performed an extremely detailed molecular analysis of the quercetin interactions and have 

done an exceptional job at understanding the mechanism of cellular quercetin action (full details available on request). By way 

of demonstration, a quercetin-spray treatment improved water use efficiency and grain yield of moisture-deficient field-

grown bread wheat, and also showed beneficial effects in rice, tomato and tobacco. 

 

 
Figure 1: Quercetin-spray treatment boosts wheat yield and WUE. Wheat plants were grown at three irrigation rates (0, 750 and 1,500 

m3 per ha) and either mock treated or sprayed with quercetin: (A) Transpiration rate, (B) CO2 assimilation rate, (C) WUE and (J) Grain yield.  

 

Evaluation and Licensing 
Opportunities 
 

For further information on this 
technology and evaluation / 
licensing opportunities please 
contact: 
 

Dr Lars von Borcke 
lars@pbltechnology.com 
Tel:  +44 (0)1603 456500 
 

Tech ID: 19.661 

Patent Literature 
 

Publication WO2022/148710 



       

 TEC Release: 13 Jan 2021 Updated 13 Sep 2022 www.pbltechnology.com 

Innovation in life sciences 
 

The inventors studied high-yielding wheat varieties and found that some lines had superior WUE due to a combination of 

reduced rates of transpiration and increased rates of CO2 fixation. These lines also showed higher levels of flavonoids and an 

increase in the expression of flavonoid biosynthetic genes, especially under water stress conditions. Specifically the inventors 

have shown that flavonol synthase 1 (FLS1) is crucial to achieving superior WUE. Transgenic plants with reduced FLS1 

expression (through RNAi silencing) lose water more quickly and wilt earlier, whereas transgenic FLS1 over-expressing plants 

have reduced transpirational water loss, enhanced CO2 fixation and WUE, increased stomatal ABA sensitivity, and improved 

tolerance to moisture stress. 

 

 

 

 

Figure 2: Quercetin-spray treatment enhances the ability of plants to tolerate moisture stress: Quercetin treated plants have a lower 

transpiration rate (A), lower water loss from detached leaves (B), higher CO2 assimilation rates (C), increased WUE (D) and stomatal sensitivity 

to ABA (E). As shown in (F) the application of quercetin improves the drought resistance of wheat; 2-week-old plants were deprived of water 

for 14 days and sprayed with 5 mL 0.5 mM quercetin on the eighteenth day. 

 

While some of these effects described in Figure 2 mimicked those elicited by spraying with ABA, quercetin treatment also 

boosted chlorophyll content and enhanced expression of multiple genes involved in photosynthesis, sucrose metabolism and 

sucrose transport, resulting in increased photosynthetic capacity and biomass production. Treatment with quercetin also 

increased the presence of flavonol in stomatal guard cells. The inventors found that increased quercetin cellular content 

increased the abundance of OST1. Quercetin binds to OST1 and this complex activates SLAC (SLOW ANION CHANNEL-

ASSOCIATED1) anion channel-dependent stomatal aperture reduction, which in turn reduces water loss through transpiration. 
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Figure 3: Quercetin-spray treatment increases grain yield. (A) The appearance of mature wheat plants grown under three different 

irrigation regimes; 0 m3/ha, non-irrigated plants; 750 m3/ha, partially irrigated plants; 1,500 m3/ha, fully irrigated plants with mock or quercetin 

treatment. Scale bar: 10 cm. (B) Grain width. Scale bar: 1 cm. (C) Grain length. Scale bar: 1 cm. Quercetin effect on grain yield is highest 

under no-irrigation regime but also improves yield under full irrigation. 
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Figure 4: Quercetin-spray treatment improves drought-tolerance in both wheat and rice: Top row 5-week-old rice plants were deprived 

of water for 15 days, and plants treated with 0.2 mM quercetin on the first day after drought treatment. Bottom row 5-week-old wheat plants 

deprived of water for 10 days, and plants treated with 0.2 mM quercetin on the first day after drought treatment.  

 

 
Figure 5: Quercetin-spray treatment improves drought-tolerance in tobacco and tomato: On the left 10-day-old tobacco plants deprived 

of water for 16 days, and plants treated with 0.5 mM quercetin on the eighth day after drought treatment. On the right 3-week-old tomato plants 

deprived of water for 14 days, and plants treated with 0.5 mM quercetin on the eighth day after drought treatment. In both cases quercetin 

treatment protects plants from abiotic stress. 

 

In summary the inventors have shown that application of a quercetin will result in enhanced: 

• abiotic stress tolerance 

• water use efficiency  

• photosynthetic capacity 

• yield 

 

Yield increases are seen in crop plants under all irrigation regimes. Quercetin spray on application provides an efficient and 

convenient tool to protect and even enhance crop yield at critical time points of crop cultivation. 
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