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Abstract

According to the diverse studies on domestic straw utilization, the causes to the present situation of domestic straw utilization were

analyzed and related solutions were proposed. It was pointed out that only by taking suitable measures can the problems of environment pollu-

tion and resources waste caused by straw burning be radically solved.
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China has large grain production, and its grain output, promoted
by the national agricultural policies, is gradually increasing. The
present yield of straws in China accounts for 20% of that in whole
world"". The straw is not only a type of precious bio-resources,
but also a type of sustainable green resources. However, only
about 50% of the straws in China is utilized, and most of straws
are wasted or burned, which not only causes serious environmental
pollution, but also is a great waste of resources”™*'.

In recent years, the government at all levels is paying high
attention to the comprehensive utilization of straws. In 2008, the
state council issued the Suggestions on Promoting the Comprehen-
sive Utilization of Straws, and the National Development and Re-
form Commission and the Ministry of Agriculture jointly released
the Notice on Publishing the Suggessions on the Comprehensive Uti-
lization of Straws in 2009. In 2012, the National Development and
Reform Commission, the Ministry of Agriculture and the Ministry
of Finance jointly released the Implementation of the Comprehensive
Straw Utilization in the " Twelfih-Five Year" Plan, all these papers
aim at promoting the comprehensive utilization of straws and re-

ducing the resources waste and environmental pollution.

1 Present situation of straw utilization
1.1 Use of straw as fertilizer The crop straw itself is a type of
fertilizer, and its various nutrients, such as OM, N, P, K, Ca,
Mg, etc. , can be well absorbed by the soil after being returned to
the farmlands, so as to effectively promote the biological cycle in
soil and improve the soil fertility. The humus residue in soil can
also effectively reduce soil capacity, increase soil porosity and im-
prove its water-holding capacity”). Thus, the returning of straws
as fertilizer is an effective method to both save the costs and in-
crease the soil fertility.

1.1.1 The direct returning of straws to farmlands. The direct re-
turning of straws means to return the straws in the forms of straw

granules, high stubble and whole plant. The returning of straw
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granules is to plough the ground straws into soil, accelerate their
degradation and promote their adsorption by the soil, which can
improve the granular structure and physiochemical properties of
soil as well as the soil fertility'®’ ;the returning of high straw stub-
ble is to intentionally reserve the high stubble when harvesting and
let the stubble rot and degrade on field"”’ ; the returning of whole
plants is to mulch the straws directly after harvesting, which can
improve the OM content in soil, decrease the fertilizer use, im-
prove the soil properties, regulate soil temperature and water, and
effectively prevent field flood, grass and diseases, so as to realize
the costs saving and sustainable development of agricultural pro-
duction'® "'

1.1.2  The indirect returning of straws to farmlands. The indirect
returning of straws to farmlands includes the returning of stack ret-
ting and pass-rumen returning. The stack retting returning is to
ferment the straws under high temperature into compost and then
fertilize the compost to the soil. During the composting of straw
stack retting, the nutrients are released, and some harmful compo-
nents, such as organic acid, polyphenols, etc. , are degraded,
and some parasite eggs, pathogens and weed seeds are killed. The
pass-rumen returning is to feed the straws to the animals and turn
the straws into excrement to fertilize the soil, which can not only
improve the fertility without causing side effect, but also create
equivalent economic benefits. The straw nutrients absorbed by the
animals are turned into meat and milk, which improves economic
benefits and realizes resources cycle'” ™!,

1.2 Resourceful utilization of straws

1.2.1 Use of straws as fuel. The straws are traditionally used as
fuel, which is costless and easy to be popularized. 30% of the
straws in China are directly used as fuel, however, the burning ef-
ficiency of general kitchen stove is only about 18% , which means
that most of the straw energy is wasted. Nowadays, a new tech-
nique of biomass solidification has emerged in China, which will
condense the ground straws into high-dense fuel rods or granules
with 11. 93 — 18. 84 MJ, improve the combustive efficiency to
90% , four times as high as the traditional efficiency, and turn the
straws into clean fuel with the same combustive means and thermal

value as coal!™’.

1.2.2

Straw gasification. Straw gasification means to heat the
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crop straws under anaerobic conditions and turn the elements of C,
H and O in straws into CO, hydrogen, methane and other combus-
tible gases, which can be directly provided for daily and industrial
uses. The straw gasification is one of the high-efficient bio-energy
transformation technique in straw utilization. The straw gasifica-
tion are economical and healthy, but its large-scale promotion still
faces several problems, such as the high price of gasification
equipments, the low thermal value of gas and the high content of
tar and oxygen in the gas'"®’.

1.2.3  Use of straws for producing biogas. The use of straws for
producing biogas refers to the process of degrading the straws into
biogas by various microorganism under the anaerobic conditions,
and producing other byproduct biogas slurry and residue. Com-
posed of 50% —70% methane, the biogas belongs to high-grade
clean fuel, which can be used for cooking, lightening and fruits
preservation, etc. . The straws can be made into biogas directly or
after being used as feeds for animals and then transformed into ex-
crement. The use of straws for producing biogas can not only opti-
mize rural energy structure and reduce the utilization of pesticides
and fertilizer, but also effectively solve the problems of rural non-
point source pollution, which has good economic, environmental
and ecological benefits'"” " .

1.2.4  Use of straws for producing ethanol. Containing cellulose
and hemicellulose, the straws can be degraded into fermentable
glucose and xylose, which can be used for preparing ethanol. Ru-
an Qicheng firstly pretreated the red ramie straws with hot water,
3% H,S0, and 1. 5% soda solution, and then hydrolyzed the
straws by cellulase. The average transformation rate of cellulose in
red ramie was 12.23% , 25.62% and 85.34% . According to the
simultaneous saccharification fermentation test with the red ramie
treated by 10 g alkali as substrate, the ethanol concentration
reached 26.06 mg/ml after 168 h of fermentation, and the ethanol
yield accounted for about 76. 71% of the theoretical yield'.
Lingfeng Zhu degraded the straws into biogas by the thermochemi-
cal method, and then optimized the biogas, and transformed the
industrial material of methanol, which realized the industrial use
of agricultural wastes, greatly reduced the environmental pollution
caused by straw burning, and achieved great environmental and
social benefits'™'.

1.3 Use of straws as feeds

1.3.1 Physical method. The physical method means to treat the
straws through a series of process, including cutting, grinding,
boiling, steaming, thermospray, and irradiation. The physical
traits of straws are changed through the series of process, and the
palatability of the straws processed will be greatly improved,
which will increase the animals’ intake of straw feeds, reduce their
chewing time, help the rumen microorganism to degrade lignin and
sugars, improve the animals’ digestive rate of feeds and thus im-
prove the utilization rate of per unit straw feeds™ ',

1.3.2 Chemical method. The chemical method is to process the
straws by chemical constituents so as to change the straw proper-

ties. Duowen Shi, with liquid ammonia, urea and NH,HCO, as

the ammonia sources, processed the straws of corn, rice and
wheat, which radically changed the properties of lignin in straws,
improved the nutrients, made the straws easier to digest and im-

B Huaming Mao

proved the animals’ digestive rate of the straws
processed the straws with 40% water content by Ca( OH), under
sealed environment for 60 d, and improved the degradation rate of
straws in bovine rumen by 30% within 48 h"™'; Hongli Wang
treated the straws by SO,, H,0, and ozone, and the cellulose in
the processed wheat straws was improved by 63% , the feed intake
of sheep was also improved magnificently, and the degradation rate
of neutral detergent fiber and cellulose in sheep rumen was signifi-
cantly increased ™’ .

1.3.3 Microbial fermentation. The microbial fermentation is to
add beneficial microorganism in the straw feeds, and then ferment
the straws to soften them and reduce their volume. Some compo-
nents in the straws can be further synthesized into the substances
with high nutrients and palatability. Qingsen Chen, fermented the
straws by multiple microorganisms and the cellulose utilization rate
of corn straws reached 70% , and the yield of crude protein was
above 23% , which greatly improved the nutritional value of corn
straws'™ ; Honglian Zhang fermented the corn maize by the staged
treatment and multiple microorganisms, and inoculated the corn
straws with Trichoderma koningii, Aspergillus niger, rumen bacte-
ria and yeast, the content of crude protein after fermentation was
24.61% and the degradation rate of crude fiber was 48.37% " ;
Xueyi Liao used the mixture of Trichoderma koningii, Aspergillus
niger and yeast as the best medium to ferment the straws, which
improved the crude protein content in the fermented products from
2.2% to 24. 6% , while reduced the crude fiber content from
36.2% to 18.5% ™' ; Jianhong Hu fermented the comn straw for
30 d, improving the crude protein content from 3.33% to 7.96% ,
improving the crude fat content from 0.71% to 1.85% ,increasing
the content of total amino acids from 22.82% to 58.90% ,and re-
ducing the crude fuber content from 33.90% to 27. 63% "',
Tianhai Li processed the straws by microbial fermentation into
granulated feeds to feed the cattle, whose palatability, compared
with that of the cattles without being fed with the granulated
straws , was greatly improved. The feed intake amount and rate per
day of the cattles were improved by 36. 8% and 27.1% ,and the
daily weight increase was improved by 77.69% /.

1.4 Use of straws to cultivate edible fungi With rich organic
substances of cellulose and lignin, the straws are good materials to
cultivate edible fungi. To use straws to select good fungi can im-
prove the transformation rate of straws as well as the quality and
yield of edible fungi. The yield of mushroom and Coprinus culti-

vated with straws is greatly improved™ ™',

The scraps of edible
fungi cultivation can also be used as quality fertilizer whose OM
content is more than 30% , three times as much as that by the di-
rect returning of straws and excrement to the farmlands. The direct
returning can not only improve the soil, but also process the straws
into organic fertilizer, inorganic fertilizer and seedling stroma,

forming an ecological industrial chain of straws — edible fungi —
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fungal residue — feeds(organic fertilizer) (1,
1.5 Other uses of straws In addition to the above uses, the
straws can also be used to make papers, produce degradable mate-
rials and board. Among the raw materials of paper-making,
around 30% are from straws, the use of straws for paper-making is
cheap, and the produced papers are smooth and easy to be applied
with glue; The straws are also used to produce some disposable ta-
bleware and construction materials. The disposable tableware is
consumed in large amount in China, and the disposable tableware
produced with straws have great market potential due to its cheap-
ness, good properties and non-pollution. The boards made from
rice and wheat straws are mainly used for the outer wall, inner
wall, internal parting wall and the decking without producing pol-
lutant and contaminants. Since the boards are pollutionless, they
can be returned to the nature in their original forms as rice and

wheat straws"™® .

2 Problems and countermeasures in straw utilization
At present, the straws in China can be comprehensively used in
diverse ways, which, however, are still at the stage of research
and haven’t be practically used. For example, the microbial fer-
mentation technique of straws for feeds needs great capital and
technical input, but still faces some difficulties; the straw gasifi-
cation needs great input of capitals and equipments in the primary
stage, but still brings about some problems; the direct returning of
straws to farmlands has also brought some negative influence. All
above restricts the comprehensive utilization of straws and directly
influence the farmers’ enthusiasm of reusing straws. Moreover,
many young people in rural areas choose to work out, and there
are no enough young labors to collect the straws; and the farmers
in some places begin to use coal and biogas instead of the straws as
the main fuel , and they feel it unnecessary to collect the straws.

Due to the above reasons, the farmers in lots of places choose
to burn the straws. According to an investigation conducted by Da-
wei Zhu, more than sixty percent of farmers disapprove of straw
burning, and their approual of straw burning ban is positively cor-
related with their recognition of the harms brought by straw burn-
ing and number of their family members, while negatively correla-
ted with their cultural education, non-agricultural income and
planting scale, the willingness of straw burning of cadres is higher
than that of the mass™'. Thus, the comprehensive utilization of
straws, on the one hand, needs to improve the studies on related
techniques, on the other hand, requires local government to en-
hance the propagation, education and management of farmers. The
collection of straws can be collected by taking suitable measures,
increasing the straw collection subsidies, improving the farmers’
enthusiasm of collecting straws, and constructing a straw logistics

system 8

3 Conclusion
At present, there are a large quantity of straws produced in China

every year and there are also various studies on their comprehen-

sive utilization techniques, but the practical utilization rate of
straws are still very low due to some objective reasons, resulting in
a great loss of straw resources in many places. Thus, local govern-
ment should promote the suitable model of straw utilization, im-
prove the related money and technical input, and enhance the
management of straw collection and utilization, so as to reduce the
environmental pollution and resources waste caused by straw burn-
ing, finally forming an ecological agricultural model with virtuous

cycle.
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4 Conclusions

This paper initially establishes the evaluation indicator system of
garden plant landscape in residential areas, and analyzes the in-
dicators in criteria layer, using analytic hierarchy process and
cluster analysis, in order to lay foundation for the scientific eval-
uation of garden plant landscape in residential areas. In specific
use, it is necessary to select and complement the indicators pro-
posed in this paper, according to the specific circumstances of
residential areas in different cities.

At the same time, there are many indicators for evaluation
of garden plant landscape in residential areas, but some indica-
tors are still difficult to be quantified at present. When determi-
ning the evaluation indicator system, there are also some human
propensities factors influencing the weight. Therefore, how to
scientifically select evaluation factors and determine the scale of

importance needs to be further researched when conducting mu-
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