
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Study on the influence of rice paddies’ water layer
temperature on rice yield
To cite this article: A Rau et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 939 012089

 

View the article online for updates and enhancements.

You may also like
Sustained methane emissions from China
after 2012 despite declining coal
production and rice-cultivated area
Jianxiong Sheng, Rachel Tunnicliffe, Anita
L Ganesan et al.

-

Study of The Potential Expansion of New
Rice Fields in Central Maluku District to
Support Food Security in Maluku Province
N Rusmin, S Edy, A Robby et al.

-

Contribution of rice variety renewal and
agronomic innovations to yield
improvement and greenhouse gas
mitigation in China
Yi Zhang, Yu Jiang, Amos P K Tai et al.

-

This content was downloaded from IP address 62.209.130.20 on 07/12/2021 at 14:06

https://doi.org/10.1088/1755-1315/939/1/012089
https://iopscience.iop.org/article/10.1088/1748-9326/ac24d1
https://iopscience.iop.org/article/10.1088/1748-9326/ac24d1
https://iopscience.iop.org/article/10.1088/1748-9326/ac24d1
https://iopscience.iop.org/article/10.1088/1755-1315/334/1/012067
https://iopscience.iop.org/article/10.1088/1755-1315/334/1/012067
https://iopscience.iop.org/article/10.1088/1755-1315/334/1/012067
https://iopscience.iop.org/article/10.1088/1748-9326/ab488d
https://iopscience.iop.org/article/10.1088/1748-9326/ab488d
https://iopscience.iop.org/article/10.1088/1748-9326/ab488d
https://iopscience.iop.org/article/10.1088/1748-9326/ab488d
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjst4RueCmWqI-J-qMZGlBEDGVVJSWwA28gIqTKlKBUEGjik2ghMntlqkMbUv3OKnxCmczHaHRaIdSvs9DILN7F31W7bC7xHmMrt1rAZDqysgJzbG7rt-dqOaUoBPg_CE65MfRBpviBvT0Cu_9VL9tCSOQ4VB8rBQ_QOTEG4bbHh3-NNnpqwhE0cowOZ6gGO3F6lXNR8olv1T9L3ZjfGXjj0F6GBllOHCbBqu329WMel0Wvai8ELJd5oemDoQqKeUXXnJ9h4XjI16Lj92lvfdKLiup_tJd75bvZg&sig=Cg0ArKJSzI4krsmxWy9E&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/241/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DDLAds%26utm_campaign%3D241AbstractSubmit


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICECAE 2021
IOP Conf. Series: Earth and Environmental Science 939 (2021) 012089

IOP Publishing
doi:10.1088/1755-1315/939/1/012089

1

 
 

 

 

 

Study on the influence of rice paddies’ water layer temperature 

on rice yield  

 
A Rau

1
, I Begmatov

2*
, and G Rau

3 

1
Department of Hydraulic Engineering and Melioration, Kazakh National Agrarian 

University, Almaty 050000, Republic of Kazakhstan 
2
Department of Irrigation and Melioration, Tashkent Institute of Engineers of Irrigation 

and Agricultural Mechanization, 100000 Tshkent, Uzbekistan 
3
Kazakh National Agrarian University, Almaty 050000, Republic of Kazakhstan 

 
*
Email: ilkhommatbe@mail.ru 

Abstract. Studies on Akdala rice system found that rice plants sensitive to 

meteorological conditions. Climate change leads to changes in crop structure. The 

temperature of the rice field air and water has a special influence on the structure of the 

rice crop. It is established that the temperature of the water layer in rice paddies in the 

irrigation period does not exceeds 29
0
 C, which is below the threshold of 35

0
 C, when 

the flow and discharge of water from the paddies are recommended. The temperature of 

water in rice paddies, the surface layer was determined by an express thermometer, at 

the depth of the water layer 5, 10, 15 and 20 cm by Savin Thermometers, soil – 

thermometers TM-5. 

 

 

1. Introduction 
Rice sowing in Kazakhstan takes place on irrigated lands in the basins of the Syrdarya, Ile, Karatal 

Rivers, which is a traditional specialization of more than 220 thousand hectares area. The available 

surface water resources are insufficient to meet the increasing needs of rice growing [1, 2]. For this 

reason, on tens of thousands of hectares of the rice irrigation systems crops experience a lack of 

moisture in the soil, which leads to a significant decline of agricultural productivity? In 1990, the rice 

sowing area  in Kazakhstan was 110 thousand hectares, the gross harvest of grain was 450 thousand 

tons, in 2015 the area of rice was sown on 76 thousand hectares, the gross harvest of grain constituted 

300 thousand tons, which affects domestic prices, which increased 2.5 times compared to 1990 [3]. 

The rice production decline in the country has increased rice imports from China, Uzbekistan, Egypt, 

Pakistan and other countries. The quality of imported rice is relatively low and it is inferior in protein 

and carbohydrate content to rice varieties like Marzhan, Bakanaskiy, Leader, Aisaule, Syr-suluy, which 

are cultivated by using crop rotation schemes and are organically untainted, in comparison with 

imported rice varieties grown as a monoculture using mineral fertilizers, herbicides and pesticides 

against diseases and pests. 

The growing rice technique assumes maintenance of a water layer on the rice field, which performs a 

multifactorial role, for instance, environmental factor that determines the conditions for the formation 

and productivity of rice plants. The water layer on the rice field influences the temperature and salt 

regime of water and soils in rice growing systems. 
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Rice cultivation on irrigation systems of Kazakhstan follows recommendations of the Ministry of 

Agriculture of the Kazakh SSR [4, 5], which recommend establishing a periodic water flow within 10% 

of its input to prevent overheating of the water layer on the field. 

The disadvantage of this irrigation regime is excessive consumption of irrigation water. Unjustified 

(spontaneous) discharges and the creation of water flow on rice paddies lead to overflow of drainage 

and discharge canals, a decrease in their drainage effect, mix with groundwater and cause pressure on 

groundwater, as a result of which secondary salinization and waterlogging of rice field soils occurs, and 

irrigation water overrun reaches 20-30%. The mineral fertilizers are carried out by wastewater runoff, 

which leads to a decrease in rice productivity [6, 7]. As a result of this rice growing method application, 

yield is reduced to 40 c/ha on most of the area, and the irrigation rate increases to 36 thousand m
3
/ha. 

Rice cultivation on saline lands became unprofitable, saline lands were abandoned and excluded from 

agricultural use. There are more than 60 thousand hectares of such lands in the Kyzylorda rice irrigation 

system out of 220 thousand hectares, in Akdala - 8 thousand hectares out of 29 thousand hectares. 

The study aims to improve the water resources use efficiency on rice irrigation systems by reducing 

unjustified discharges and water flow, developing critical threshold indicators for the water temperature 

on rice paddies at which water needs to be discharged. 

The hypothesis is that water temperature affects the decomposition of organic matter in the soil. At a 

water temperature of 350
C and above, the oxygen content decreases, and the soil recovery processes are 

markedly enhanced, accompanied by the formation and accumulation of large amounts of toxic 

substances (H2S, etc.) that have a detrimental effect on rice roots [2, 8, 9]. As a result, the absorption of 

nutrients is inhibited, which entails the development of disease as plants are covered by brown spots. In 

contrast, when water temperature is low, a less intensive decomposition of organic matter in the soil 

occurs, the plants’ development is slowed down and the emergence of plants is delayed, diseases 

(panicle blast) may appear and the number of ripe grains decreases, which leads to a declining rice 

yield. 

 

2. Materials and Methods 

 

Table 1. Average monthly air temperatures according to the weather station in Bakanas village 

 Title  Month  Sum of the 

temperatures during rice 

growing season 
May  June  July  August  September  

Average daily air 

temperature, 
0
С 

16.8 22.0 24.1 22.0 15.8  

The sum of air temperatures 

for a month, 
0
С 

520.8 660.0 747.1 682.0 474 3083.9 

Average daily air 

temperature, 
0
С in 2018 

16.0 21.6 23.8 21.7 15.8  

The sum of air temperature 

for the month, 
0
С in 2018 

496.0 648 737.8 672.7 474 3028.5 

Deviation of average 

monthly temperatures, 
0
С 

2018 from long-term 

-0.8 -0.4 -0.3 -0.3 0  

Deviation of the sum of 

average monthly 

temperatures, 
0
С 2018 from 

long-term 

-24.8 -12.0 -9.3 -9.3 0 -55.4 

 

The research was carried out on the Akdala rice system of the Ile river basin in Balkhash district of 

Almaty region. According to the weather station in Bakanas village the average daily long-term air 

temperatures sum in the period from May to September varies from 520.8 to 747.1
0
C, totaling 3,083.9

0
 

C during the rice growing season (table). Such heat supply during the rice growing season, only enable 
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cultivation of early ripening rice varieties (Leader, Bakanskiy), developed for the northern rice growing 

zone of Kazakhstan. The Bakanas village is located in the middle of the Akdala irrigated landmass. 

In 2018, the average daily sum of temperature during the rice growing season was 55.4
0
C lower than the 

long-term avaerage (Table 1). 

Weather conditions in 2018 affected the length of the rice growing season, which lasted for 8 days 

longer. Rice harvesting began in the first decade of September, while usually it starts at the end of 

August. 

The water temperature in the rice paddies was measured every day at 15:00 by express and Savinovsky 

thermometers. The express thermometer measured water temperature of the surface layer, while 

Savinsky thermometers measured water temperature at a depth of 5 cm, 10 cm and at the surface of the 

soil; as well as at a depth of 5 cm, 10 cm, 15 cm of the soil. 

The use of water resources on rice irrigation systems in circumstances of limited access to water 

requires fundamentally new approaches to the management and use of water resources on rice irrigation 

systems, which currently have hundreds of cooperatives and peasant farms that are water consumers and 

according to the Water Code of the Republic of Kazakhstan they have equal rights to irrigation water. 

However, a lot of problems arise in connection with water resources scarcity exacerbated by the use of 

outdated rice cultivation techniques and technologies, which regulating irrigation water use in rice 

irrigation systems. The study establishes the water layer temperature threshold indicators of rice 

paddies, at which the water should be discharged, thus improving the existing techniques for rice 

irrigation. 

 

3. Results and Discussions 

The water temperature in rice paddies during the irrigation period closely follows the daily variation of 

air temperature. In the month of June, when the stalk of rice plant does not shade the water surface of 

the rice paddies, the average ten-day water temperature in the paddies is higher than the average ten-day 

air temperature by 2-40
C. The maximum water temperature in the rice paddies in June, during the period 

of tillering of the rice plant on surface water layer 37
0
С, at a depth of 5 cm it is 29

0
С, at a depth of 10 

cm it is 27
0
С. During rice grain milk and wax ripeness the water temperature in the paddies drops to 

21
0
С (Figure 1). 

  

 
 

Figure 1. Water temperature on the rice paddy: 1 - surface layer, 2 - at a depth of 5 cm, 3 - at a depth of 

10 cm 
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From the water and soil thermoisopleth layer of rice paddies shown in Figure 2, it can be seen that the 

maximum temperature of the water and soil layer was 28-29
0
С in the rice tillering phase, when the 

depth of flooding of rice paddies was 5-6 cm, in the remaining phases of growth and development of 

rice plants the temperatures were its not higher than 26
0
C, and during the period of waxy and full 

ripeness of rice grains temperatures were 19-21
0
C. 

 
Figure 2. Water and soil layer thermoisopleths on rice paddies 

 

 

Figure 3. Correlation of the rice yield and the sum of air temperatures during the growing season, 

according to the weather station of Bakanas village and rice sowing cooperative Agrofirm "Birlik" 

To forecast the temperature of water in rice paddies, its dependence on air temperature was established 

according to the meteorological station in Bakanas village, with a correlation coefficient 0.77±0.06 
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tг = 6.2 – 0.17 tв + 0.04 
 

where tг – average daily water temperature in rice bays and tв – average monthly air temperature of 

Bakanas meteorological station. 

In the irrigation period of 2018, the water layer temperature in rice paddies did not exceed 29
0
C, and no 

water was discharged from rice paddies. 

Taking into account the Bakanas weather station and Agrofirm "Birlik" rice yield data we plotted the 

dependence of rice yields on the sum of air temperature for the growing season (Figure 3). Comparison 

of the metrological conditions with the rice yield figures demonstrate that the higher the sum of the 

average monthly temperatures for the growing season, the better the rice plants develop, the empty grain 

cases decrease significantly, tillering increases, as well as absolute weight of grain and yield of rice. 

 

4. Conclusions 
The water layer on rice paddies in hot months (June-July) goes up to 27-29

0
C, in May and August the 

temperature of the water layer does not rise above 26
0
C. During the rice growing season, rice plants did 

not show signs of suppression or infringement in the phases of plants development and growth caused 

by water layer temperature. Water flow and discharges from rice paddies due to overheating of the 

water layer during the irrigation period were not carried out. The temperature of the water layer in rice 

paddies was below the critical thresholds of 35
0
C.  
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