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Effects of Potassium Addition on Physiological Characteristics and Grain Yield
under Drought Stress Condition in Different Growth Stages of Rice

XIONG Zhihao', YANG Cheng', ZHANG Geng?, LI Xuchun®, LI Xiaokun' *'

(1. College of Resources and Environment, Huazhong Agricultural University/Key Laboratory of Cultivated Land Conservation in the Middle
and Lower Reaches of the Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China; 2. National Agricultural
Technology Extension and Service Center, Beijing 100125, China; 3. Agricultural Technology and Extension Center of Jingmen, Jingmen,
Hubei 448000, China; 4. Shuangshui Shuanglii Institute, Huazhong Agricultural University, Wuhan 430070, China)

Abstract [ Objective ] As one of the most important food crops in China, rice (Oryza sativa L.) is the staple food for more than
half of the country’s population. With the development trend of global warming and frequent occurrence of extreme weather such
as sustained high temperature, drought on farmland is becoming a more frequent and urgent problem. Thus, this study seeks to
clarify the effects of drought stress on rice at different growth stages, the regulation of potassium on drought stress and its
mechanism, and to provide a theoretical basis for the management of potassium and efficient water use in rice. [ Method ] A
two-factor pot experiment of K and water treatments at different periods was carried out in 2021. Potassium management was two
levels of 0.15 (+K) and 0 (—K) g'kg™' soil (calculated as K,0O), moisture management was four levels of drought stress at the
tillering stage (TD), drought stress at booting stage (BD), drought stress at milking stage (MD) and well-watered treatment (WW),
to explore the effects of K fertilizer on rice yield and physiological characters under drought stress at different growth stages.
[ Result ] Results showed that drought stress significantly decreased rice yield. Compared with the WW treatment, TD, BD and
MD treatments decreased rice yields by 53.9%, 45.2%, and 7.6% under K deficient conditions, respectively, while under K
sufficient conditions, rice yields reduced by 28.3%, 16.5% and 5.9%, respectively. The degree of influence of drought stress on
yield in different growth stages was: TD > BD > MD, and K deficiency aggravated the negative impact of water deficit on rice
yields. Similarly, drought stress also caused a decrease in canopy transpiration rate, leaf water potential, leaf net photosynthetic
rate, and limited dry matter accumulation. Compared to the WW treatment corresponding to the same period, TD and BD
treatments reduced leaf biomass by an average of 42.9% and 31.2%, respectively. The stem sheath biomass decreased by 43.8%
and 38.0%, respectively, and the effect of water deficiency on biomass in different growth stages was: TD > BD. Potassium
deficiency resulted in a reduction in net photosynthetic rate, leaf area and chlorophyll content, which restricted the ability of
plants to receive light radiation and produce dry matter. Compared with the K-sufficient treatment, the leaf biomass of the TD and
BD and WW treatments at the same stages decreased by 52.6%, 32.7%, 42.1%, and 31.2%, respectively. Also, under potassium
deficient conditions, stem sheath biomass decreased by 55.3%, 63.6%, 52.2%, and 28.0%, respectively. Drought stress
exacerbated the negative effects of potassium deficiency. [ Conclusion ] Our results indicated that drought stress could limit the
net photosynthetic rate and leaf water potential, resulting in the reduction of rice yield, which affects the tillering stage and
booting stage more than the milking stage. Potash application significantly increased leaf area, increased chlorophyll content,
enhanced the ability of rice to intercept light radiation, improved rice photosynthetic efficiency, and increased rice dry matter
accumulation, while reducing canopy transpiration rate, improving water use efficiency, alleviating the decline of leaf water
potential, thereby enhancing the drought resistance of crops.

Key words Rice; Drought stress; Growth stages; Potassium management; Physiological traits
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Fig. 1 Effects of drought stress at different growth stage and
applying potassium fertilizer on the grain yield of rice
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Table 1 Effects of drought stress at different growth stages and applying potassium fertilizer on the agronomic traits of rice
AEL7/h s
R 4b YS! T A 42 fr it Chlorophyll/ (mg-g™)
Biomass/ ( g-pot ")
Potassium Water Leaf area/
E> M4EK b M4 E athb
treatment treatment M Leaf 2% Stem (sz'pot’l )
Chlorophyll a Chlorophyll b Chlorophyll a+b
+K wWw 12.1a 31.8a 2491a 3.18b 1.51b 4.85b
TD 7.6b 17.0b 2 178a 3.28a 1.77a 5.28a
-K WwW 7.0b 15.2b 1219b 3.28a 1.77a 5.27a
TD 3.6¢ 7.6¢ 687c 3.25a 1.67b 5.12a
J5 25787 ANOVA
# Potassium sk ok * * ns ns
7](5-} Water ok ok KKk ok ok sk ns ns
B Koy
ns ks * sk sk sk
PotassiumxWater
+K wWw 14.1a 56.7a 2 709a 2.74c 1.03b 3.57c
BD 9.8b 46.7b 2 577a 2.97b 1.09b 4.00ab
-K WwW 9.7b 40.8¢ 1585b 3.20a 1.56a 4.77a
BD 6.6c 17.0d 1528b 2.99b 1.49a 3.98b
J 2578 ANOVA
%qﬂ Potassium kkok Kk k sk k k3 kK k k3%
JK4r Water ok ok k ns ns ns ns
B =K 3
* Hk ns *k ns *
PotassiumxWater

T FHIRFE/NG AR F AR ST FIAE 0.05 K R2ER B, *, =froesp 51132 P<0.05, P<0.01F P<0.001
REIKF. ns RRZEFAEE . Note: Different lowercase letters in the same column indicate significant differences in different water and
potassium fertilizer treatments (P<0.05). * k% and *** mean significant difference at P < 0.05, P <0.01 Fll P <0.001, respectively;

and ns indicates no significant difference.
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Fig. 2 Effects of drought stress at different growth stages and applying potassium fertilizer on the canopy transpiration rates of rice
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Fig. 3  Effects of drought stress at different growth stages and applying potassium fertilizer on the relative water content and the leaf water
potential of rice
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