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Abstract: Taking mixed lawn of Festuca elata Keng ex E. Alexeev and Poa pratensis L. as the research 

object, through the comparison of the electric heating, covering by non-woven fabric or electric heating and 

non-woven fabric treatment group with the control group, exploring the effects of winter temperature 

increase on prolonging the green period of lawn. The results show that: compared with the control group, 

different temperature increasing measures have different effects on prolonging the green period of the lawn. 

The test group using only electric heating or only covering the non-woven fabric was completely yellow in 

mid-January, which was about 10 days longer than the green period of the control group. The effect of using 

electric heating and non-woven fabric was the best. During the research period, the lawn of this group did 

not appear completely yellow. Compared with the control group, the green period was prolonged by about 

53 days. 

1 Introduction 

The lawn has important ecological functions such as 

purifying air and maintaining water and soil. It has a 

prominent role in slope protection of road traffic and 

landscape construction in service areas [1], and has been 

valued and developed in fields such as garden landscapes 

and sports [2-3]. At present, the lawn industry has become 

a specialized industry in developed countries [4]. 

Compared with developed countries, China's lawn 

industry has a certain gap in terms of lawn scale, 

production, service projects, and related scientific 

research and education [5]. An important trend in the 

development of modern lawn industry is to pursue the 

ornamental effect of the four seasons, but it is not easy to 

achieve such effects in areas with hot summers and cold 

winters [6]. Therefore, the pursuit of four seasons 

evergreen through technical means to extend the green 

period of the lawn has important theoretical and practical 

significance for its ecological and social functions. 

2 Materials and methods 

2.1 Overview of Experimental Field 

The experimental field is located in Tianjin Binhai 

District,38°40′～ 39°00′N， 117°20′～ 118°00′E at an 

altitude of 3 meters. It belongs both the warm temperate 

monsoon continental and marine climate. The mean 

annual temperature is 13.0 ℃, the extreme temperature is 

40.9 ℃, the lowest temperature is -18.3 ℃, and the mean 

annual frost-free period is 196 ~ 246 days. The 

precipitation is 566.0 mm, less in winter and spring, and 

concentrated in summer. There are many windy days 

throughout the year, with 57 gale days above level 8. The 

test area is coastal saline-alkali land, the soil is alkaline 

with 8.5 ~ 8.7 pH value. In order to eliminate its adverse 

effects on lawn growth, salt removal projects and soil 

improvement projects were implemented before laying 

the lawn. 

2.2 Experimental Material 

The experimental materials were Poa pratensis L., 

Conney and Festuca arundinace, Hound No.5, 2 

cold-type turf grasses, which were planted in a ratio of 3: 

7. The total area is 192 m2. 

2.3 Experimental Treatment 

This experiment set three different treatment methods: 

①  Heating by electric heating wire (H), 2000w 

nickel-chromium heating wire is buried in the planting 

soil, with 25cm depth and 20cm gap. ② Covering by 

non-woven fabric (C), covering the lawn with 100g/m2 

non-woven fabric, and fixing it with bricks every 50cm 

and uncovering when the temperature above 5℃; ③ 

Combined processing (H + C), the non-woven fabric is 

covered on the lawn with electric heating wires, and the 

method of opening is the same as that of the second 

treatment. A control group (CK) is set, the lawn is bare 

and uncovered, and there is no electric heating wire in 

the planting soil. Each treatment was repeated three times, 

and each test plot was divided by a red brick road with a 

depth of 30cm below the ground. The testing 
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arrangement is shown in Figure 1.  

 

Figure 1 The testing arrangement 

2.4 Research Methods 

Observation indexes include air temperature, shallow soil 

temperature, and green lawn coverage (%). 

The temperature is measured by an alcohol 

thermometer, in which the air temperature data is 

recorded at 8:00, 14:00, and 18:00 per day, and the 

shallow soil temperature is recorded once a week at 8:00 

a.m; green lawn coverage is the percentage of green lawn 

area in the area of the test plot. Based on the calculation 

of 100mm×100mm electronic coordinate grids combined 

with taking photos, the proportion of green areas 

exceeding half of the unit grid is counted as 1, and the 

unit grid number is used to calculate the green coverage 
[23,30]. 

3 Results and Analysis 

3.1 Effects of Treatments on shallow Soil 
Temperature of Lawn 

Compared with the control group, three treatments all 

increased the shallow soil temperature of the turf but the 

effect of temperature increase was different. Among 

them, group C increased 0-1 ° C, but the effect was not 

significant (P> 0.05). The temperature of group H 

increased by 3-5 ° C, and the temperature of group H + C 

increased by 5-8 ° C. Group H and H + C increased the 

shallow soil temperature of the lawn significantly (P ＜ 

0.01). The range of temperature rise of different 

treatments is shown in Figure 2, and the significance 

analysis results are shown in Table 1. 

 

Figure 2 The range of temperature rise of different treatments  

Table 1 The LSD result of temperature rise of different treatments 

(I) Processing (J) Processing Mean Deviation (I-J) Standard Deviation 

Statistical 

Significance 

CK C -.54930 .46440 .238 

H -3.63380* .46440 .000 

H+C -5.88732* .46440 .000 

 

Covering non-woven fabrics has no significant effect 

on warming the shallow soil of the lawn (-5cm below 

surface) (P = 0.238> 0.05). Its main function is to prevent 

heat emission, which is related to the thickness of the 

material[28], the fixing method and the method of 

removing the film [15]. In Fig. 2, it takes about 7 days for 

the temperature increasing effect to reach stability when 

the heat treatment is used, and there is a correlation with 

the meteorological conditions such as wind and basic air 

temperature. 
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3.2 Effect of Treatment on Green Lawn Coverage 

Through the observation of the green coverage of the test 

lawn, it was found that the green coverage of the lawn 

under different treatments had a great difference over 

time. The observations are shown in Figure 3. 

 

Figure 3 The green coverage of different treatments  

Figure 3 shows that each treatment within two weeks 

of lawn laying has little effect on the green coverage of 

the lawn. The first reason is that the nutritional level of 

the lawn is basically the same when it comes out of the 

nursery. The second reason is that the temperature during 

the initial period of laying is relatively high (average 

4.73℃), which meets the survival needs of the lawn 

grass. In addition, the effects of increasing the 

temperature of each treatment are not obvious. 

By mid-January, the green coverage of the control 

group significantly decreased compared to the treatment 

group until it reached 0. It may be related to the lower 

average temperature (-3.5℃) in January. The green 

coverage of the treatment group C maintained more than 

70% within one month of laying, and then it quickly lost 

green, which may be related to the nutritional level of the 

lawn[27]. The green coverage of the H treatment group 

gradually decreased until it disappeared, which should be 

related to the gradual appearance of the heating effect of 

heating treatment. 

In February, only the H + C group maintained green 

coverage of about 30%, and the other treatment groups 

completely lost green. It may be related to the invasion of 

the cold wave in the middle and late January. The daily 

maximum temperature during the cold wave is only 

-12℃. The effect of temperature increase cannot offset 

the continuous decline in temperature. 

3.3 Effect of Treatment on Green Lawn Period 

According to experimental statistics, different treatments 

have different effects on prolonging the lawn green 

period than the control group. Among them, the H + C 

treatment had the best green extension effect. The turf in 

this group did not completely lose green during the test 

period, which was 53 days longer than the green period 

in the control group. Groups C and H were completely 

withered in mid-January, which were 10 to 12 days 

longer than the green period of the control group. 

4 Discussion and Prospect 

The lawn green period usually refers to the number of 

days from the day when 80% of the plants in the lawn 

plot turn green to the day when the plants turn yellow [24]. 

There have been a lot of researches on methods to extend 

the green period of lawn, but most of them focus on how 

to extend the green period of warm-type lawn, and there 

is a lack of research on extending the cold-period lawn 
[11]. 

Wang Y.J. et al. summarized and analyzed the 

methods of extending the green period of the northern 

lawn [7], including: water and fertilizer management, 

heating, covering, growth regulators, new material 

concrete bricks, and spraying greening agents. The 

effects of fertilizer form, type, application time, and 

application amount on the extension of the green period 

of the lawn are quite different, and the application of 

nitrogen fertilizer has a positive effect on the extension 

of the green period of the lawn [12-14]. In this experiment, 

there was no significant difference in green coverage 

between the initial treatment group and the control group. 

The green coverage of the control group decreased 

rapidly in the later period, which proved the positive 

effect of nutrients on the green phase of the lawn. 

Temperature affects plant transpiration, water 

potential, absorption and metabolism, as well as almost 

all enzymatic reactions, dormancy, growth and 

development [8]. When the air temperature is lower than 

the lowest limit of the turf-grass suitable growth, the 

turf-grass will gradually wither and enter a dormant 

period. Drought and low temperature in winter will 

reduce the overwintering rate of turf-grass [9], in severe 
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cases, it can also cause the death of turf-grass[10]. The 

SubAir system is a turf underground heating system that 

is widely used in Europe and the United States. In China, 

it is only in the initial stage of introduction. [16]. A more 

economical method is adopted in China, and the research 

shows that the plastic film covering can effectively 

improve the minimum temperature of the soil. In winter, 

lawns covered with plastic film and non-woven fabrics 

were regreened 30 days in advance [17]. Some scholars 

also treated the lawn of northern sports ground with 

heating and heat preservation, and the effect of warming 

and green preservation was significant (P < 0.01), and 

there was no adverse effect on the growth of turf-grass in 

the future season [15], which were consistent with the 

results of this experiment. 

Studies have shown that foliar application of certain 

concentrations of ABA and other growth regulators can 

effectively increase the activity of the protective enzyme 

system of tall fescue, enhance cold resistance, and 

increase turf greenness [18]. The concrete brick is made of 

porous light volcanic rock, lava rock, aggregate, etc. with 

cement and additives, and there is enough pores in 

between, which is rich in nutrients required for grass 

species growth. Compared with ordinary lawns, the 

greening cycle can be extended by more than 1 month. 

Lawn greening agent is an environmental friendly 

biological staining agent, which can effectively fix to the 

lawn or soil, making the lawn natural green, maintaining 

green 60 ~ 120 d [7]. In addition to the above methods, 

strengthening the introduction and selection of turf-grass 

seeds[29], determining reasonable sowing time and 

sowing ratio, and timely controlling diseases[26] and 

insect pests are also important methods to extend the 

turf-grass green period [19-22, 25]. 

Some scholars' research on northern sports lawns 

found that once a week (8-20 h) is best to keep the film 

warm, however, once a day to remove the film is not 

good for temperature accumulation [15]. Covering 

measures can not only prevent heat from being released 

to heat preservation, but also can effectively reduce the 

loss of soil moisture [17], and prevent drought stress on 

the lawn. The method of peeling the film, fixing the film 

and the material of the film have no obvious effect on the 

accumulation of soil temperature. 

5 Conclusion 

The turf in the north of China generally lost green in 

mid-November, and re-green in the following March or 

April. The annual green period was about 230 days [7]. 

This study was carried out in December to the following 

February. The H + C treatment group did not completely 

lose green during the test period, indicating that after 

effective treatments were taken, the lawn in northern 

region of China can also achieve evergreen in a whole 

year. However, this experiment only conducted 

preliminary in the aspect of engineering temperature 

increase, and the conclusions reached were phased. The 

maintenance of the green period of the lawn is also 

related to many factors such as turfgrass variety, research 

area, pest control, and maintenance funds. 
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