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Abstract: An ecological soil planting method was
proposed for the annual double cropping of wheat and
maize with a five-year cycle. This method is suitable
for Huang-Huai-Hai Region and aims to address the
problems of reduced crop yield and soil crust as a
result of soil and water loss, deteriorated land fertility,
and protective tillage in intensive cultivation.
Moreover, the planting specifications of the annual
double-cropping rotation patterns of wheat and maize
were unified, and the key agricultural equipment was
designed for full mechanization. Research results on
the test demonstration base showed that the return of
straw to the field and scientific fertilization can limit the
emissions of harmful gas and the use of fertilizer.
Furthermore, these steps can enhance ecological
agricultural production. The return of straw to the field
and suitable cultivation can increase the content of
organic matters in soil, improve the aggregate
structure, and enhance soil fertility. Finally, the
implementation of the ecological fertile soil planting
technigue can overcome the disadvantages of
intensive cultivation and protective tillage, thereby
facilitating stable and high crop yield.

Keywords: Intensive cultivation; protective
planting specification; Agricultural mechanization

tillage;

INTRODUCTION

The population of China comprises 18.84% of the
world population. However, its arable land constitutes
only 8.7% of that of the world. As a result, the
development pattern of high agricultural yield involves a
gradual increase in labor input-intensive cultivation.
Intensive cultivation is essentially for a comprehensive
technological system of traditional agriculture. In line with
this knowledge, a series of studies has been conducted
on intensive cultivation technology and its development.
The results indicate that although intensive cultivation
improves crop yield and solves the employment problem,
it also induces soil erosion, environmental degradation,
and other problems [1], [3], [5-7], [12], [20]. This process
can also significantly reduce the earthworm population[6-
7], as well as affect organic matter content, enzyme
activities, microbial quantity, the abundance of fungal
mycelium, the functional diversity of microbes, the
abundance of bacterial species, and other soll
properties[3],[7]. The increase in cropping intensity
eliminated the self-protection function and activity of soil.
In addition, straw burning enhanced atmospheric
pollution.

Strong black storms hit the western US and the former
Soviet Union in the 20th century. Many experiments have
been conducted on sandstorm treatment, and they
confirmed that protective tillage is the most successful
suppression method [10]. Research on this method
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mainly focused on its influence on soil properties[2], [11],
[13-17], [21-24], the composition of soil species [4], and
the microbial quantity and fungi abundance in soil [19],
[25]. Protective tillage can limit soil erosion and water
loss [8], increase the contents of organic matters in soll,
improve soil structure, control soil loss, reduce wind and
water erosion, and shorten tillage times. In addition,
straw residue cover can limit dust hazard. Thus, its
implementation can prevent the loss of dust, water, and
soil in farmlands. It can also store and preserve water,
promote the productivity of fertilized land, save costs,
increase efficiency, reduce emissions from straw burning
and greenhouse gas, and enhance the sustainable
development of agriculture. However, many researchers
believe that simple protective tillage is not conducive to
high yield given that the overuse of chemical fertilizers,
pesticides, and other chemicals has generated ecological
issues and problems with soil crust.

Based on a survey of the annual double-cropping
patterns of wheat and maize in the Huang-Huai-Hai
Region and on the advantages of intensive cultivation
and protective tillage following years of field experiment
research, a new method of ecological soil planting is
proposed in the current study for these patterns. This
mechanized ecological soil planting technique is
investigated by determining the representative dry area,
well irrigation area, and saline land. The results suggest
that scientific and reasonable soil cultivation can enhance
ecological agricultural production, soil structure, and the
contents of organic matters in soil to ensure the stable
and high yield of grain, as well as to realize the
sustainable development of agriculture.

MATERIAL AND METHOD

Description of the Mechanized Ecological Soil
Planting Technique

The so-called ecological soil planting technique guides
scientific development. It focuses on the stable and
sustainable development of agriculture in the long term,
as well as on ecological agriculture construction and soll
fertility cultivation. Crops are planted using ecological and
mechanized techniques and methods. Furthermore,
straw is treated scientifically to increase the contents of
organic matters in soil, to improve soil structure, and to
reduce the use of chemical fertilizers, pesticides, and
other chemicals. Ultimately, it achieves the purpose of
ecology, which is to facilitate high-quality, low-
consumption, and high-efficiency agricultural production.

Key Techniques of Mechanized Ecological Soil
Planting

Scientific Tillage Method

Tillage method is a general term for all techniques and
measures that recirculate several crop systems in a
region, including planting, soil tillage, fertilization, and
weed control methods. The ecological soil planting
technique is an establishment of the ecological soil tillage
method, which combines tillage and protection with the
ecological planting method. Agricultural machinery and
agronomy are integrated as well.

Soil Tillage Method
The ecological soil tillage method with a five-year
cycle (ploughing in the first year, digging the soil in the
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third and fourth years, and no ploughing or digging in the
second and fifth years) was developed to emphasize
both soil tillage and protection equally. Thus, the tillage
and protective measures complement each other.

Ploughing in the first year: Ploughing can improve soil
structure, the capacity of water storage and preservation,
and crop root growth and nutrient absorption. It can also
adjust nutrient distribution, loosen the organic matters
accumulated on the soil surface, continuously improve
the fertility of the tilth layer of soil, enhance the soil
ecosystem, and promote the balance of the biological
population in soil. Finally, it buries weed seeds, pathogen
spores, and pest eggs deep into the soil to inhibit
diseases and pests.

Digging deeply into the soil in the third and fourth
years: This process mainly protects the soil surface and
its dynamic configuration. Its main role is to break the
plough pan to help the roots of crops adhere to the sail,
to improve water storage and preservation capabilities, to
enhance soil porosity, to improve air and water operation
in soil, to generate conditions for the decomposition of
organic matters by soil microorganisms, and to promote
soil fertility and nutrient absorption.

No ploughing or digging in the second and fifth years:
Over-tillage has many disadvantages, and the most
serious is water and soil loss. No ploughing after tillage
and complete digging is conducive to shortening the
times of mechanized farming and to protecting the soil
surface.

Planting Specification

The unification of planting specifications is the premise
of the scientific design of mechanized agronomy. Planting
specification mainly includes row width, line quantity and
spacing, as well as the strip width and line spacing of deep
digging. The parameters are agricultural machinery,
agronomy, and irrigation methods. For convenient machine
configuration, planting specifications must be unified, such
as line spacing and row width. To adapt to the annual
double-cropping patterns of wheat and maize in the well
irrigation area of the Huang-Huai-Hai Region, a planting
specification is designed as shown in Fig.1.
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Fig. 1 - Planting Specification in the Well Irrigation Area (Unit: mm)

Key Agricultural Equipment

The mechanized ecological soil planting technique
emphasizes the heavy integration of agricultural
machinery and agronomy, enhances standardized
planting procedures, and regards high efficiency, low
consumption, and low investment as the goals of the
system configuration and of machine operation. The
tilage and planting requirements of this technique are
presented in Table 1.
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Table 1

Requirements of the Mechanized Agronomic System

Item Name

Requirements of Agronomy

Ploughing depth (mm)
Digging depth (mm)
Wheat planting depth (mm)

Fertilization depth for wheat planting (mm)

Interval width between wheat seeds and fertilizer(mm)

Suppression strength for wheat sowing (N/cm?)

Maize planting depth (mm)

Fertilization depth for maize sowing (mm)

Interval width between maize seeds and fertilizer (mm)

Suppression strength for maize sowing (N/cm2)

Cutting length of maize straw (mm)

200~250
230~300
30~50
80~100
50~60
20~30
30~40
100~120
60~80
20~50
<100

Given the annual double-cropping patterns of wheat
equipment and

and maize, the key agricultural
techniques include:

Wheat Seeder

The deep-digging wheat seeder performs six
processes, namely, deep digging, rotary tilling, fertilizing,
sowing, covering, and suppressing. Two rows of deep
digging spades are staggered to prevent grass entangling
and plugging effectively and to enhance the stability of
deep digging [18] On October 12, 2012, the Shandong
Agricultural Machinery Test Evaluation Station assessed
the performance of the deep-digging wheat seeder. The
main parameters are displayed in Table 2.

Fig. 2 - Sowing by Wheat Deep Digging and Fertilization Seeder and Seedlings
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Performance Parameters of Wheat Deep Digging Fertilization Seeder Teble2
Performance Index Parameter Performance Index Parameter
Supporting Dynamics (kW) =735 Fertilization spacing qualified rate (%) =08
Number of sowing Lines 8 Sowing rate error (%) +0.4
Productivity (hm2/h) >0.8 Linking spacing qualified rate (%) =90
Sowing depth qualified rate (%) >80 Digging depth (cm) =30
Sowing uniformity variation coefficient (%) <45 Digging depth stability (%) =85

The wide strip sowing technique can improve the
effective tillage of seeds and assist in ventilation, lighting,
and crop growth. Wheat seeds are distributed in the field
uniformly, and vyield increases by 6% to 8% in
comparison with that obtained with conventional sowing.
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(a) 2BYMZ-8 monomer copying maize seeder
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(b) Strip grooming device

Fig. 3 - Maize Seeder and Its Strip Grooming Device

Maize Seeder and Dynamic Anti-plugging Device

The strip grooming device depicted in Fig. 3(b) is
adopted to solve the plugging problem of the furrow
opener on the no-tilage maize seeder when straw
coverage is large (more than 0.6 kg/m2) or when straws
are long (more than 22 cm) and scattered unevenly. This
device exhibits the functions of dynamic anti-plugging
and stubble ploughing. The number of the rotating knives
is similar to that of furrow openers. In this device, a group
of rotating knives is placed in front of the pillar of each
furrow opener. Each group of rotating knives contains two
rotating knives that are installed symmetrically at 180°
[26].

The strip grooming device not only clears straw
residues but also breaks the dry and hard soil layer on
the surface, thus generating a good seeding bed and
increasing the seedling rate by 2.5%. The monomer
copying technique reduces the leakage sowing rate
caused by uneven ground and enhances the consistency
of seedlings.

Maize Straw Returning Machine

Given that the spacing of maize does not match the
wheel tread of the harvester, the maize straws may be
crushed during harvest. This phenomenon strongly
affects the returning quality. To solve this problem, the
technique employed by the crushing machine is improved
by installing a stubble digging device in front of the
machine (as exhibited in Fig. 4). This device digs maize
straws up from the surface of the ground slowly and
returns them to the straw returning machine. The straw
returning machine crushes the straws rapidly to prevent
its blade from hitting the earth, to reduce dynamic
consumption, and to slow the onset of blade wear. Thus,
the problem wherein maize straws cannot be returned to
the field as a result of wheel rolling is solved.
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The comprehensive crushing and rgtu_rnlng of maize 26 TR T o RS FT AR 2 AT — Vo 2 PRy T
straws and roots after harvest not only limits the dynamic
harvest but also gathers the remaining ears in the  AbEE, KPS TWERIEFRIZN 1 AR, 1 BAGE (8
harvesting process to reduce harvest loss and the St 3 st e A ]
cleaning of emerging wheat seedlings. WO R th 90 0 SRRV B8 P B R A, A T
PR, iz T /N2 L P S 0 K 7 ) A

RESULT ANALYSIS E BT

The representative dry area, well irrigation area, and FRHHE LRI T LA AR A vk E A A, iR
saline land were selected as per the proposed

mechanized ecological soil planting technique to  TEDX. FFEIX . ERBEHLSEHOy SR Bt e B0 s i
determine the test demonstration bases (as indicated in M (i 3 FiR) .

Table 3).
Table 3
Test Demonstration Bases
Serial No. Item Name Cooperation Unit Construction Time
1 Dry Area Test Demonstration Base Longyi Village in Zichuan District, Zibo 2011
2 Well Irrigation Area Test Donglai Agricultural Machinery Cooperative in 2012
Demonstration Base Changshan Town, Zhouping County, Bingzhou
3 Saline Land Test Demonstration Jin Fu Xiang Peasant Planting Cooperative in 2012
Park Mingji Village, Lijin County, Dongying
4 Well Irrigation Area Test Fujia Village, Zhangdian, Zibo 2005
Demonstration Base
The protective tillage system has been implemented in 76 4 BRI RIEHH F, M 2005 4F 544 S0 L v

test demonstration base no. 4 since 2005. The
mechanized planting technique has been adopted since  fEf#lJE, M 2011 FFFURKFANUMAL TR H AR AT -8

2011. After 10 years of returning straw to the field and of SA 4 b TT 2L A T e
scientific and reasonable soil tillage, significant effects fie, SICIKIE 10 AFHORIAFAE M BoRHS:  HR 0 L 0 7l

have been observed. B BUS 7B RROR .
Ecological Production Mode LEFEHAES

In the case in which all straws were returned to the " S T Y T T ke ok R .
field, 11 thm2 to 15 thm2 of maize straws were R EMERTI T, SEEHHERERN 11

recovered annually. The amount of wheat straws  15¢hm? /NEFSFH 7.5~9 thm? . HRIE CER[O] IR AL

returned ranged from 7.5 t/hm2 to 9 t/hm2. The % T T T T A= S st =
concentrations of gas emissions reduced directly by Bl RIS H 2 WLRL S D 1 UpR R B 4
straw returning per hm2 are displayed in Table 4 based TN o

on the data reported in the literature [9].

Table 4
Directly Reduced Gas Emissions per hm? (unit:kg)
Chemical Name Quality
CcO 2413.45~3150.3
CO, 26598.15~34722
NO 15.07~19.5
NO, 6.75~8.67
NOy 21.92~28.32
The return of straw to the field can reduce air pollution FERTAE B AT DL A KA ys e, 3 LT LA SE 4 [ s FT 46

and prevent damage to the soil structure as a result of
straw burning. It can also improve the efficiency of  KEMiay kI I AR B, AHGEAT, &5 T Er

fertilizer use and reduce usage by 40%. Root stubble U NETUN = St WA e s
crushing loosens and stirs the topsoil, thereby changing FEFI A, AT ELZD 409 HILARAR I B ey TR AR B
the physical and chemical properties of the soil and AR sh R+, B LI AL B, WA E B ER K&
destroying the parasitic environment of insects and other 1 N ; .

pests on the surface. This process inhibits the onset of Heftb BRI AF LIRS, WRE MR R A
plant diseases and pest invasion.

10
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Organic Soil Fertilization

The scientific processing of crop straws increases the
content of organic matters in soil consistently every year,
improves the aggregate structure of soil, enhances soil
permeability, balances soil microorganisms, and
improves the microenvironment of the field, thus realizing
stable and high yields. The changes in the contents of
organic matters, the increment of water content, and the
volume-to-weight ratio reduction in the soil of test
demonstration base no. 4 are shown in Fig. 5.
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Fig. 5 - Influence of the return of straw to the field on soil

Since 2011, soil tillage has strictly accorded with the
requirements of the ecological soil planting project,
thereby steadily increasing the yields of wheat and corn.
Scientific fertilization limits the use of fertilizer and
fundamentally weakens the adverse influence of fertilizer
production and use on soil and ecology. The yields of
wheat and corn, as well as the amount of fertilizer used in
test demonstration base no. 4, are depicted in Fig.
6(Note: The crops in Shandong were frozen because of
the low temperature, snow, and rain in the spring of
2013). Late in May, rare rainstorms and strong winds
resulted in a severe loss of wheat. Moreover, droughts in
the late summer and early autumn affected sowing. In the
middle of September, Luzhong experienced hail, which
intensified the disaster and reduced yield.
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Fig. 6 - Yields of wheat and corn and the amount of fertilizer used (unit: kg/mu)

CONCLUSIONS

Based on the analysis of the two typical planting
patterns of intensive cultivation and protective tillage
and according to several years of testing and research,
a mechanized ecological soil planting technique was
proposed for the annual double cropping of wheat and

11
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maize. This method is suitable for the Huang-Huai-Hai
Region. The characteristics of the planting technique
were explained, and the planting specification was
designed. This specification was appropriate for the
ecological soil tillage method employed in the
mechanized ecological soil planting technique and for
the combination of agricultural machinery and
agronomy. The corresponding key agronomic
equipment was designed to mechanize the operation of
the annual double cropping of wheat and maize fully.
The proposed technique was applied, and the results
showed that it reduced the emissions of polluted gases
and the amount of fertilizer used through scientific
fertilization to establish the ecological production mode.
In addition, it increased the contents of organic matters
in soil, improved the microenvironment of farmland, and
enhanced the organic fertilization through the return of
straw to the field and through suitable soil tillage. Thus,
the implementation of this tillage method ensured stable
and high crop vyields, as well as the sustainable
development of agricultural production.
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