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Abstract: The unreasonable use of water resources in the gully of the Loess Plateau 

has caused serious floods and droughts and salinization of cultivated land, affecting 

soil properties, causing land degradation, reducing crop yields, and reducing land 

productivity. Irrigation technology plays an important role in improving the utilization 

rate of water resources. This study summarizes the shortcomings of traditional 

irrigation methods, puts forward the advantages and cores of modern water-saving 

irrigation technology, and points out that improving agricultural irrigation technology 

in the Loess Plateau can increase the utilization of water resources, which is of great 

significance to water resources protection and crop production. 
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1. Introduction 

Agricultural irrigation water accounts for about 70.4% of the total water consumption 

in China, making it the largest water user [1]. Due to unmatched farmland water 

conservancy projects, backward irrigation technology, poor management and other 

reasons, the utilization rate of irrigation water was only about 30%, and the remaining 
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70% was lost in vain[2]. It can be seen that improving agricultural irrigation 

technology reducing the amount of utilization, which is of great significance to water 

resources protection. The traditional irrigation methods mainly use earth canals and 

flood irrigation in China [3]. Due to the large water consumption and low efficiency, 

many areas have begun to promote modern water-saving irrigation techniques [4]. 

The core of modern water-saving irrigation technology has two points. One is to 

reduce the ineffective loss from the water source into the farmland until it is absorbed 

and used by the crops, including the leakage of the water canal system, deep soil 

leakage, water surface and soil evaporation [5, 6]; It is to fully tap the potential of soil 

water, and determine the timing and amount of irrigation according to the content of 

soil water and the water demand of crops [7-9]. In recent years, the effective use of 

soil water has become an important research topic in the development of water-saving 

agriculture [10, 11]. In fact, spraying, dripping, and infiltration irrigation save water 

because the method itself has the advantages of not producing deep seepage and 

reducing soil evaporation, and more importantly, it makes full use of soil water. 

 

2. Water-saving irrigation technology 

2.1 Pipeline water delivery 

Pipeline water delivery mainly uses low-pressure pipelines instead of open channels 

to deliver water to the fields. The advantage of pipeline water delivery is to reduce 

leakage and evaporation loss along the way. The utilization rate of water delivery can 

reach 95%-97%, 30% water saving compared with earth canals, and 5-15% water 

saving compared with hardened channels (lined channels). The mobile brake pipe 

system and advanced irrigation methods can save water by another 30%. In addition, 

pipeline water delivery also has the advantages of reducing energy consumption, 

occupying less land, delivering water in a timely manner, convenient for management, 

less investment, and quicker results. 

2.2 Canal seepage prevention 

Canal seepage prevention is the most widely used water-saving irrigation technology 

in my country, which is suitable for all water delivery channels. The purpose of channel 

seepage prevention is to reduce the leakage of earth canals, prevent excessive water 

loss along the way, and also prevent secondary soil salinization caused by groundwater 

level rise. 

The materials used for channel seepage prevention can be determined according to 

local conditions, and seepage prevention methods can include: turf surface protection, 

clay lining, stone lining, concrete or asphalt surface protection, etc. For sandy soil 

canals with strong water permeability, clay compaction can be used to protect the 

surface, the thickness is generally 10-15 cm, and the surface is covered with sand and 
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gravel to resist dry cracking. This anti-seepage method has a small investment, but it 

is not resistant to erosion. It is advisable to use mortar block stone for face protection 

in areas with abundant stone materials. Its anti-seepage effect is good, and it is firm 

and durable, impact and abrasion resistance. In areas where conditions permit, 

concrete facings or U-shaped prefabricated channels with steel bars can also be used. 

This kind of channel can make the utilization coefficient of canal water reach 

0.97~0.98, and has the advantages of durability, fast flow, not easy to silt up, pressure 

resistance, and frost resistance. 

2.3 Sprinkler irrigation, drip irrigation and infiltration irrigation technology 

Sprinkler irrigation is an irrigation method that uses special equipment to pressurize 

the water or use an artesian water head to spray water into the air through the nozzle 

and disperse it into small droplets evenly distributed in the field. Compared with 

surface flood irrigation, sprinkler irrigation can save water by 30% to 50%, and it can 

save water by more than 70% for sandy soil with strong water permeability and poor 

water retention capacity, but the one-time investment in irrigation equipment is large. 

Micro-irrigation includes drip irrigation, micro-sprinkler irrigation, and gushing 

irrigation, which send an appropriate amount of water to the surface of the soil near 

the roots of the crop. This irrigation method basically does not produce deep leakage, 

saves 50% to 70% of water compared to surface flood irrigation, and saves 15% to 

20% of water compared to sprinkler irrigation. Another advantage is that it is highly 

adaptable and can be adapted to various terrain conditions such as hills, slopes, and 

flat ground. The disadvantage is that the one-time investment is high and the irrigator 

is easy to block, so it is usually used for local irrigation. 

Film irrigation is to cover the field with a plastic film and leave holes in the plant so 

that it can grow from the holes. These holes are also water seepage holes, and water 

enters the roots of the plants through the water seepage holes during irrigation. Due 

to the reduction of soil evaporation, the irrigation quota can be greatly reduced. Film 

irrigation in the Shangqiu experimental area of the Chinese Academy of Agricultural 

Sciences was used for wheat and cotton intercropping, which achieved significant 

water-saving effects. For cotton, mulch irrigation saves 56% of water and increases 

yield by 57.5% compared to soil furrow irrigation. 

 

3. Effective use of soil water 

Soil water refers to the water in the pores of the superficial soil that can be absorbed 

and utilized by plant roots, and is a form of water resources that plants can directly 

use. Whether it is irrigation water or atmospheric precipitation, it must be converted 

into soil water before it can be absorbed by plant roots. The distribution of soil water 

is related to meteorological conditions, precipitation distribution characteristics, 
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unsaturated zone lithology and thickness, micro-topography, land use mode and 

intensity, and shows regular changes in the vertical direction of the soil layer. When 

the soil water content exceeds the field water holding capacity, deep leakage will occur, 

and soil water will replenish diving. On the contrary, when the soil water content of 

the plant root layer reaches the crop withering water, the plant cannot grow normally. 

Therefore, the soil water content of the root layer and the water content of crop 

withering are the main basis for deciding whether to irrigate. 

Water use efficiency has different conceptual interpretations for different water use 

objects (such as crops, fisheries, forestry, livestock breeding, industry, etc.), but in 

essence it is the ratio of water output to input. In agricultural research, the focus is 

on the yield of agricultural products per unit of water. 

The study of water use efficiency has gone through a process from macro to micro. 

After the field level research reached a certain level, foreign scholars first began to 

study at the leaf level, considering the effect of intercellular CO2 concentration and 

stomata behavior on water use efficiency. The three scales for studying water use 

efficiency are leaf level, population level and yield level. My country has also achieved 

rich results in water use efficiency research, including research on water use efficiency 

at leaf level, population level, and yield level. 

The researcher summarized three levels of water use efficiency calculation methods. 

The water use efficiency at the leaf level refers to the amount of organic matter formed 

by the loss of photosynthesis per unit of water through leaf transpiration. It is the 

basic efficiency of dry matter formation when plants consume water, that is, the 

theoretical value of water use efficiency is shown in Equation (1) ~ (3): 

l

n
l
T

P
UE W                                  (1) 

Pn is net photosynthetic rate of leaves, mg•m-2•s-1; Tl is leaf transpiration rate, mg•m-

2•s-1. 

Water use efficiency at the population level refers to the ratio of the CO2 flux of the 

crop population to the water vapor flux of crop transpiration, which is used to 

characterize the water use efficiency of the field or region in Equation(2): 

                                
T
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Fc is CO2 flux of crop population, mg•m-2•s-1;T is crop transpiration water vapor flux, 

mg•m-2•s-1. 

Crop water use efficiency at the yield level refers to the crop yield per unit of water 

consumption in Equation (3): 
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Y is crop yield, kg•hm-2; WU is crop water consumption, mm. 

Crop yield in water use efficiency at the yield level can also be expressed by total dry 

matter mass; water consumption can be expressed by irrigation water (I, mm), crop 

evapotranspiration (ET, mm), or rainfall (P, mm). The calculation of evapotranspiration 

(ET) can use the water balance method. In recent years, the application of remote 

sensing theory to calculate ET has appeared. In arid and semi-arid areas where water 

resources are scarce, the amount of precipitation is very small. In the context of 

irrigated agriculture, it is more important to study the use efficiency of irrigation based 

on the amount of irrigation at the right time. 

 

4. Summary 

Since meteorological elements directly affect crop water consumption and yield, in 

areas with high radiation intensity, high temperature, high wind speed and low relative 

humidity, the water consumption of general crops is also large, and the crop yields in 

this area are also high under sufficient water conditions. . However, the impact of 

meteorological conditions on crop water consumption and yield is generally not in the 

same proportion. Therefore, meteorological factors will affect the efficiency of water 

resource utilization depending on the geographical location of the region. Therefore, 

some people propose to eliminate the impact of regional climate differences in the use 

of agricultural water resources. Taking the region as the research unit, assuming that 

the terrain is relatively flat and the soil layer is deep, the soil water supply is sufficient 

and the water deficit is moderate and the crop water demand and actual the ratio of 

total agricultural water consumption indicates the efficiency of water use. The larger 

is the ratio, the higher is the efficiency. This calculation method does not need to 

consider the crop yield, and because the crop coefficient is 1, this approach eliminates 

the impact of climate on water consumption. This is a relatively new attempt, but 

theoretically it still needs in-depth research. 

 

Acknowledgements 

This work was supported by the Shaanxi Provincial Natural Science Basic Research 

Program：Research on the Law of Water and Heat Transfer in Newly-built Soils for 

Gully Construction in the Loess Hilly Region (2021JQ-961) . 

 

References 

[1]. Yin Pingcheng. Application of water-saving measures in irrigation of agricultural water 

conservancy projects. Hebei Agricultural Machinery. Vol. 4 (2021), No. 6, p. 42-43. 

[2]. Zhang Bin. Study on high-efficiency water-saving irrigation technology in loess hilly area. 

Groundwater. Vol. 43 (2021), No. 3, p. 108-109+145. 



Volume 8 Issue 7 2021 

   38 

[3]. Liu Sunan. Discussion on the current situation and reform approaches of the management 

mechanism of efficient water use for farmland irrigation. Water Resources Development 

and Manageme. Vol. 4 (2016), No. 5, p. 10-12+30. 

[4]. Yuan Li, Wei Xinping. Talking about the development of water-saving irrigation in my 

country from the perspective of facility agricultural water use. China Rural Water and 

Hydropower. Vol. 4 (2013), No. 9, p. 48-51. 

[5]. Ma Fulong, Ma Ruiting. China's water-saving irrigation agricultural mechanization 

technology. Journal of Agricultural Mechanization Research. Vol. 4 (2006), No. 1, p. 39-

42. 

[6]. Luo Jinyao, Li Shaolong. The research progress of water-saving irrigation theory and 

technology in my country's facility agriculture. Water-saving Irrigation. Vol. 4 (2003), No. 

3, p. 11-13+45. 

[7]. Wang Biao, Tian Yanju. Analysis of water supply and demand balance of farmland water-

saving irrigation project in Fugu County in 2018. Shaanxi Water Resources. Vol. 4 (2021), 

No. 4, p. 83-85. 

[8]. Zhao Ling, Lei Bo, Su Tao, etal. Research on the estimation of water-saving potential of 

agricultural irrigation in my country’s main grain producing areas. Water-saving Irrigation. 

Vol. 4 (2019), No. 8, p. 130-133. 

[9]. Shen Yingying, Zhang Shaoqiang, Ji Ye. Determination of statistical methods for 

agricultural irrigation water consumption in my country and work development. China 

Rural Water and Hydropower, Vol. 4 (2016), No. 11, p. 133-134+138. 

[10]. Li Zhuhuai. Analysis of the compensation mechanism of agricultural water-saving 

irrigation in my country. Water Resources Development Research.Vol. 14 (2014), No. 4, 

p. 32-36. 

[11]. Zhou Tongfan, Liu Jianping. On the innovation of the water right system in agricultural 

irrigation in my country: Taking Hexi Irrigation District as an example. Water Saving 

Irrigation, Vol. 4 (2007), No. 8, p. 156-158. 

 
 
 

 


