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Abstract  

Different materials added to compost can increase the microbial decomposition rate, reduce preparation time, and 

improve the quality of compost. While preparing compost, this study added far infrared materials to learn their influence 

on the growth and yield of maize. Experimentation found that maize with far-infrared materials in its compost is better in 

terms of height, chlorophyll, and relative growth rate than maize with chemical fertilizer and compost. According to the 

yield of mazie, the average cluster height, weight of a single ear, and dry weight of a hundred seeds with far-infrared 

materials in its compost are 24.2cm, 264g, and 14.3g, respectively, which is better than maize with chemical fertilizer and 

compost. Moreover, chemical fertilizer and compost have no significant difference in the growth and yield of maize, thus, 

compost can replace chemical fertilizer for maize in order to maintain the fertility of soil. In summary, far-infrared 

materials added to compost can promote the growth and yield of maize. 
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Introduction 

     Since the 1960s chemical fertilizer synthesis has 
gradually matured, driven by agricultural cultivation in a 
mechanized and specialized way of production of crops, 
and develop high chemical fertilizers, high doses of 
pesticides and high energy consumption of the farming 
model in the cultivation process. Therefore, increased 
crop yields lead to soil erosion, environmental changes, 
and soil acidification and reduced soil water storage 
capacity. Long-term cultivation will influence soil 
structure, adverse agricultural sustainable development 
[1]. For sustainable operation of agriculture, framing 

system that relies on chemical fertilizer and pesticide will 
be replaced by organic cultivation. Organic cultivation 
refers to the agricultural production process, do not use 
chemical fertilizers, pesticides, and follow the laws of 
nature and ecology, to take sustainable development of 
agricultural technology [2]. Therefore, the organic 
fertilizer used in cultivation is entirely from the 
agricultural waste materials, through the process of 
composting made of compost. The use of compost in crop 
production not only reduces the destruction of soil 
structure, but also increases the soil organic matter to 
improve the soil fertility. 
 
     In order to improve the quality of compost and shorten 
the time of composting, different substances will be 
added, such as lime [3], sodium acetate [4], nutrient 
elements [5], these composting additives can enhance the 
quality of compost maturity, but also improve the 
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efficiency of crop nutrient uptake [6]. It can be seen, 
compost additives can significantly affect the quality and 
value of compost. 
 
     In this study, the far-infrared material (from Shinkong 
Iecofun Corporation) was used as the additive for 
composting. The material was made by collecting the soil 
layers with different longitudinal sections of metallic 
elements, calcining at 1300 C to 2000 C, and then 
cooling. This product features is the release of 4-14 
micron wave far infrared, porous structure with a 
favorable drainage and moisturizing, and contains a 
variety of nutrients, non-toxic, sterile and insoluble. In 
order to understand the effects of composting with far 
infrared materials on the growth and yield of maize, 
composting chicken manure, far infrared material 
composting and synthetic fertilizers were used in the 
experiment. 
 

Materials and Methods 

Crop materials  

     The plug seedling is adopted at the initial stage of 
maize growth, with a cultivation medium made by mixing 
carbon fiber rice hull, coconut fiber, and peat soil in the 
proportion of 1:1:2. When the maize has grown for one 
week and the second leaf has expanded, it is transplanted 
to the field. 
 

Fertilization treatment  

     This test applies (1) chicken manure compost, (2) 
compost of chicken manure with far-infrared material 
(2:1), and (3) chemical fertilizer to maize, and compares 
the effects of different fertilizers on the growth of maize. 
In this study, composting is modulated according to the 
"manual for production and application of poultry and 
animal manure compost". The far-infrared material is 
provided by the Shinkong Iecofun Corporation.  
 
     In this study, each treatment is repeated three times, 
there are nine grow plots, and the Completely 
Randomized Design (CRD) method is adopted. The area of 
each plot is 8 m×1.5 m, there are two lines of plants in 
each plot, and plant spacing is 30 cm, thus, there is 
approximately 50 plants in each plot. The chemical 
fertilizer application is based on N:P:K in the proportion 
of 10 g:5 g:5 g for 1 m2, where 2/3 is used as basal 
fertilizer, and the remaining is used as additional 
fertilizer. The first additional fertilizer is applied during 
cultivation and banking. The second additional fertilizer is 
applied when the maize comes into ears and blooms. The 
compost is applied based on 1kg per square meter, where 

2/3 is used as basal fertilizer, and the remaining is used 
as two additional fertilizers. The additional fertilizer 
application timing is the same as the chemical fertilizer 
treatment. 
 

Survey items  

1) Survey of physiological characteristics  
 

The traits of maize height and stem diameter are recorded 
weekly after the maize is transplanted, which are 
observed by recording the growth condition of 10 plants 
in each plot, thus, each treatment is repeated three times. 
 

2) Measurement of chlorophyll content  
The chlorophyll is measured six weeks after the maize is 
transplanted, and four plants are sampled from each 
treatment. The uppermost fully expanded climax leaf is 
selected, and about 4 cm of the leaf tip is cut off. The fresh 
leaf is weighed, iced by a little liquid nitrogen and ground, 
then mixed with 2 mL 50 mM pH 6.8 sodium phosphate 
buffet solution and ground. A 40μL sample is mixed with 
960μL 95% ethanol (95% EtOH), shaken uniformly, kept 
still in the dark for 30 minutes, and then centrifuged 
(1000 g, 4℃, 15 min). The supernatant is taken, the 
readings of absorbance values A665 and A649 are 
measured (Hitachi, V-2000), and the chlorophyll content 
is calculated using the following equations [7].  
 
Total Chlorophyll = (6.1 × A665) + (20.04 × A649) [μg Chl (40μL)-1] 

 
Total Chlorophyll content (mg g-1 FW) =Total Chl×50(extension  

rate)÷1000÷FW 

 
3) Measurement of relative growth rate  

The relative growth rate is measured six weeks after the 
maize is transplanted. Two plants are sampled from each 
plot, for a total of six plants for each treatment. The entire 
plant is pulled out of the field, the subterraneous root is 
removed and placed in a 65℃ oven for one week, and 
then, the dry weight is measured. The relative growth rate 
(RGR) is calculated by the following equation [8].  
 
Relative growth rate (RGR): 
 

RGR = 
1

𝑊1
×

W2−W1

T2−T1
 (mg g-1 d-1) 

 
W1: Previous measured dry weight of plant. T1: Previous 
sampling time  
W2: Latter measured dry weight of plant. T2: Latter 
sampling time  
 

4) Measurement of yield of maize 
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Only two ears are remaining from the maize in each plot, 
the ear weight is measured with the bracteal leaf when 
the maize is mature, the maize ear is placed in the 65℃ 
oven for 2~3 days, and the dry weight of 100 grains is 
measured.  
 

Statistical analysis of data  

     The sample difference is analyzed using the statistical 
analysis methods of analysis of variance (ANOVA) and 
least significance difference (LSD) in order to estimate 
whether or not the results have significant difference.  
 

Results 

Effects of different fertilizers on height and 
stem diameter of maize  

     In 8th week, after the maize is transplanted to the field, 
the tassel begins to form; till 10th week of growth, when 
the tassel of maize in the plot has completely sprouted 
and the vegetative growth is finished, then the agronomic 
character investigation and recordings are terminated. In 
terms of maize height survey, in 8th week of maize growth, 
the plant height applied with the compost of chicken 
manure with far-infrared material is apparently larger 
than the other treatments (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Effects of different fertilizer applications on 
the shoot height of maize. 

 
     Maize seedlings were grown in a greenhouse for 2 
weeks, then transplanted to the experimental area, which 
included compost (C), compost added far-infrared 
material (CFM), and synthetic fertilizer (SF). The vertical 
line on each bar indicates the standard error for three 
replicates. Bars show means ± SE.*, which represent 
values that are significant at P0.05. 

     In 10th week of growth, the average plant height of the 
maize applied with the compost of chicken manure with 
far-infrared material is 156 cm, which is apparently larger 
than the treatments with chicken manure compost (138 
cm) or chemical fertilizer (136 cm). According to the 
results of maize stem diameter, the average stem 
diameter of maize treated with different fertilizers is 3.2 
to 3.3 cm, meaning the difference among the treatments is 
not obvious (Figure. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Effects of different fertilizer applications on 
the stem diameter of maize. 
 

     Maize seedlings were grown in a greenhouse for 2 
weeks, then transplanted to the experimental area, which 
included compost (C), compost added far-infrared 
material (CFM), and synthetic fertilizer (SF). The vertical 
line on each bar indicates the standard error for three 
replicates. Bars show means ± SE. *, which represent 
values that are significant at P0.05. 
 
     According to the aforesaid results, while the compost of 
chicken manure with far-infrared material can promote 
the growth of maize, the effect of promoting the maize 
stalk width is not obvious.  
 

Effects of different fertilizer on chlorophyll 
content and RGR of maize 

     Cultivation and banking are implemented in 5th week 
after the maize is transplanted to the field, and the 
additional fertilizer is applied for the first time. The 
chlorophyll content and RGR are analyzed in 6th week. In 
terms of chlorophyll content, during 6th~9th weeks of 
maize growth, the chlorophyll content in the maize 
applied with the compost of chicken manure with far-
infrared material is 0.99 to 1.14 mg, which is apparently 
higher than the treatments with chicken manure compost 
and chemical fertilizer (Figure 3).  
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Figure 3: Effects of different fertilizer applications on 
the chlorophyll content of maize leave. 

 
     Maize seedlings were grown in a greenhouse for 2 
weeks, then transplanted to the experimental area, which 
included compost (C), compost added far-infrared 
material (CFM), and synthetic fertilizer (SF). Chlorophyll 
content was measured during 6 to 10 weeks after 
transplantation. Bars show means ± SE. *, which 
represent values those are significantly different between 
CFM and SF treatments at the 5% level. 
 
     In 10th week of growth, there is no significant 
difference in chlorophyll content among treatments, 
which may be caused by the change of chlorophyll 
synthesis rate from vegetative growth stage to 
reproductive growth stage and decrease of growth rate of 
stem and leaf. 
 
     In terms of the RGR survey, in 8th week of maize 
growth, the RGR of the maize applied with the compost of 
chicken manure with far-infrared material is apparently 
higher than the other treatments (Figure 4).  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 4: Effects of different fertilizer applications on 
the relative growth rate (RGR) of maize. 

     Maize seedlings were grown in a greenhouse for 2 
weeks, then transplanted to the experimental area, which 
included compost (C), compost added far-infrared 
material (CFM), and synthetic fertilizer (SF). RGR was 
measured during 6 to 10 weeks after transplantation. 
Bars show means ± SE. *, which represent values that are 
significant at P0.05. 
 
     In Week 10 of growth, the average RGR of the maize 
applied with the compost of chicken manure with far-
infrared material is 86.1mg, which is apparently higher 
than the treatments with chicken manure compost (74.8 
mg) and chemical fertilizer (68.2 mg). According to the 
aforesaid results, the compost of chicken manure with far-
infrared material not only increases the chlorophyll 
content, but also increases the RGR of corn.  
 

Effects of different fertilizer on yield of maize 

     The effects of different fertilizer treatments on ear 
length, weight per year, and 100-grain dry weight are 
compared after the maize is harvested (Table 1). 
 

 

The 
Average 
Cluster 

Height (1) 

(Cm) 

The 
Weight of 
a Single 
Ear (G) 

Dry Weight 
of 100-

Grain (G) 

Compose 
(C) 

19.8±2.5b(2) 209±12.6b 12.4±0.76b 

Compost 
add far-
infrared 
material 

(CFM) 

24.2±1.6a 264±9.8a 14.3±0.97a 

Synthetic 
fertilizer 

(SF) 
20.4±1.6b 213±11.6b 11.9±0.84b 

Table 1: Effects of different fertilizer applications on the 
yield of maize. 
(1) The data is shown by means ± standard error. 
(2) Values with same letter are not significant by LSD 
testing at the 5% level. 
 
     In terms of ear length, the average ear length of the 
maize applied with the compost of chicken manure with 
far-infrared material is 24.2 cm, which is apparently 
larger than the treatments with chicken manure compost 
(19.8 cm) and chemical fertilizer (20.4 cm). In terms of 
the weight per year, the average weight per year of maize 
applied with the compost of chicken manure with far-
infrared material is 264 g, which is apparently higher than 
the average 209 g weight per year of maize treated with 
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chicken manure compost and the average 213 g weight 
per year of maize treated with a chemical fertilizer. The 
results of 100-grain dry weight show that the average 
weight of maize applied with the compost of chicken 
manure with far-infrared material is 14.3 g, which is 
apparently higher than the treatments with manure 
compost (12.4 g) and chemical fertilizer (11.9 g). 
According to the aforesaid results, the compost of chicken 
manure with far-infrared material can increase maize ear 
length, weight per year, and 100-kernel dry weight.  
 

     Discussion 

     The limited availability of land for crop production 
worldwide requires a system of sustainable resource 
management and healthy crop production. At present, 
agriculture has been planned towards the direction of life, 
ecology and production. In order to follow the laws of 
nature, land-friendly cultivation is used in agricultural 
production, meaning the cultivation process is free of 
pesticides, and the chemical fertilizer is replaced by 
organic fertilizer to maintain soil fertility. In terms of the 
organic fertilizer process, the waste from agricultural 
production, such as haulm, fallen leaves, or poultry and 
animal manures, is composted and fermented to generate 
high temperature, and the organic material is full 
decomposed and homogenized into stable compost. This 
compost becomes the nutrient source for plants and the 
best raw material for improving soil texture in 
agricultural cultivation [9]. Using compost to grow crops, 
not only can reduce agricultural waste, but also make 
nitrogen recycling, consistent with the concept of 
sustainable use of resources. However, the composting 
process takes a lot of manpower and time to increase the 
cost of production. In recent years, the mechanical-
biological composting technique has been developed to 
significantly reduce the cost of composting. This 
technique is mainly used in process of composting 
additives coupled with accelerator activation of microbial 
decomposition rate for rapid composting [10]. Compost 
additives commonly used include microbial forms, 
nutrient forms, plant enzyme extracts, or compounds with 
equilibrium pH. These materials are added to enhance the 
rate of microbial decomposition and shorten the time to 
composting [5]. 
 
     Wong JWC & Fang M [3] showed that when lime was 
applied, the concentration of carbon dioxide and 
temperature were increased, but the structure of 
microbial community was not changed. [5] studied the 
effects of commercially available additive A (a mixture of 
iron oxide, magnesium, manganese and zinc mixed lime) 
and additive B (a mixture of calcium hydroxide, calcium 

peroxide and calcium oxide) on the compost quality. As a 
result, the amount of carbonic acid in the compost with 
additive A is decreased and the nitrate content in compost 
made from additive B is increased. Yu H & Huang GH [4] 
added sodium acetate in the food waste can increase the 
activity of microorganisms. It can be seen, compost in the 
process of adding different types of additives, will change 
the composting process time and made of quality. The 
additive for this experiment is a far-infrared material 
purchased from the Shinkong iEcofun Corporation. This 
material is a mineral substance made by calcining the 
silicon dioxide, iron oxide, aluminum oxide, magnesium 
oxide, calcium oxide and potassium oxide and other 
elements at high temperature, which has an 
electromagnetic field and a semi-persistent far-infrared 
4~14-micron wave.  
 
     The solar spectrum is approximately divided into three 
wave bands, where about 44% of visible light, ultraviolet 
accounted for 3%, and infrared accounts for 53%. The 
wavelength of infrared is about 0.78-1000 microns wave, 
according to the wavelength can be divided into nearly 
Infrared ray (0.8-1.5 micron wave), middle infrared ray 
(1.5-5.6 micron wave) and far infrared ray (5.6-1000 
micron wave), in which far-infrared wavelength of 4-14 
micron wave band can be effectively absorbed by 
organisms, Called the growth of light or reproductive light 
[11]. The application of far-infrared in medical research 
and treatment; however, for plant growth and impact of 
the literature is not much. Lee SC, et al. [12] used far 
infrared to irradiate peanut shells for 5~60 minutes, and 
found that the phenolic compound and free radical 
scavenging activity increased significantly. Jin CW, et al. 
[13] found that activity of polyphenols, total flavonoids 
and antioxidant activity of kenaf leaves was enhanced 
after exposure to far infrared rays. The results showed 
that the antioxidant ability of the plant could be enhanced 
by far infrared irradiation. Chen HF, et al. [14] used far 
infrared nonwoven fabric to cover the soil surface in 
order to realize its effect on potato growth, soil moisture 
content, and soil temperature.  
 
     The results showed that the number of leaves, the 
number of root tubers, and the fresh weight of the root 
tubers of potatoes covered with far infrared nonwoven 
fabric were increased apparently. In this study, the plant 
height (Figure 1) and relative growth rate (Figure 4) of 
maize treated with far-infrared material composted at the 
8th week were significantly higher than those of other 
treatments, indicating that the far-infrared material could 
enhance plant growth rate and biomass. Chen CL, et al. 
[15] use of calcium carbide, which emits far-infrared 
energy, can promote the growth of mung bean, and the 
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color of the leaf is green and lustrous. It shows that the 
treatment of plant growth can promote dark green leaves. 
In this experiment, the chlorophyll content in maize 
treated with compost with far-infrared material during 6th 
week to 9th week is apparently higher than the other 
treatments (Figure 3). The chlorophyll content has been 
used as an indicator of nitrogen fertilizer application [16] 
and yield assessment basis [17], it can be inferred that the 
far infrared composting maize yield is higher. The results 
show that the yield of corn, ear length, weight per year, 
and 100-grain dry weight (Table 1) meet the anticipated 
results, and the yield of the maize treated with compost 
with far-infrared material is the best. The results showed 
that maize yields, such as ear length, single panicle weight 
and 100 grain dry weight (Table 1), were in line with 
expectations, and were the best for maize production with 
far-infrared composting. 
 
     When the land is cultivated for many years, the 
accumulation of nitrate or sulfate ions in the soil will 
gradually change the pH value of the soil so that the soil 
structure can be destruction, then soil fertility, crop 
growth and yield would be reduced [18-20]. No 
significant difference was found in the plant height 
(Figure 1), stem diameter (Figure 2) and relative growth 
rate (Figure 4) in this study. In maize yield, such as: ear 
length, single panicle weight and dry weight of 100 grains 
(Table 1), the difference was not significant. Therefore, It 
can be seen in maize cultivation can be used to replace 
chemical fertilizers by compost, in order to maintain soil 
fertility. 
 
     In recent years, far-infrared materials have been widely 
used in the textile industry, made of a variety of functional 
insulation products. Very few studies noted practical 
application of crop cultivation products with far-infrared 
materials. In this experiment, maize was treated with 
composting with far-infrared material. It was found that 
far-infrared compost could not only promote maize 
growth but also increase yield. However, the effect of far-
infrared compost on the microbiota, soil enzyme, and 
microelements in the soil requires further study.  
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