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Abstract. Problems of extensive and low utilization of resources exist in the
traditional maize cultivation. With the rapid development of computer tech-
nology and the internet of things, this paper proposed maize precision farming
parallel management technology. This technology consists of three parts:
management process, model system and digital support environment construc-
tion. The objective is to realize the quantitative decision-making of maize
production target-control indicators-cultivation management scheme, and realize
the analysis evaluation of production environment, production technology and
farmers’ operating management behavior. This technology was tested and
applied preliminary in Yian County, Heilongjiang province. The application
results showed that the maize precision farming parallel management technol-
ogy can provide digital and scientific decision support and can achieve high
production efficiency with lower fertilizer inputs and no-decreased yield.
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1 Introduction

Northeast China is comprised of Heilongjiang, Jilin, and Liaoning provinces, accounts
for 30% of the total maize production in China and is important for ensuring China’s
food security. However, most of the farmers are doing the farming based on traditional
knowledge. This plays a very big role in the crop production. This can’t give full play
to the potential of maize production, but also may cause serious waste of resources. The
extensive application of information technology, especially the model and internet of
things technology in the agriculture field, brings new opportunities for informatization
and digitization of agricultural production management.

Over the years, agricultural researchers have done a lot of work in resolving the
relationship between environment-technical measures and crop physiological and
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ecological processes, and have established a series of agronomic mechanism models,
knowledge models and knowledge rules [1-5]. Their works provide scientific theory,
technical system and method means for describing the genetic characteristics of crop
varieties, reflecting the interrelationship between crop and environment, as well as the
purposeful, localized cultivation and management regulation, and then consequently
laid good foundation for agricultural information research. Combining the crop culti-
vation management knowledge model with the crop growth model can achieve
dynamic prediction and management decision of crop growth [6].

Internet of things is a technology that tends to connect various objects in the world
to the internet [7, 8]. Applications are developed based on Internet of things enabled
devices to monitor and control various domains based on applications [9]. Internet of
things technology can be used to increase the crop production effectively to meet the
growing needs of increasing population. Application of internet of things technology
can helpful to increase the quality, quantity, sustainability and cost effectiveness of
agricultural production [10].

Proper cultivation management is very important to improve the maize production.
This paper introduces the control theory and method of artificial society, computational
experiment and parallel execution to complex system, and puts forward the structure of
precision farming parallel management system, providing a new assessment can be
controlled precision agricultural management decision-making.

2 Technical Specifications for Parallel Management of Maize
Precision Farming

2.1 Management Process

Maize precision farming parallel management process including four parts: planting
plan and production target determination, cultivation scheme development before
sowing, production warning and analysis and evaluation after harvest.

(D The planting plan and production target determination. According to the
geographical information of the production field, the cultivation plan and the
management level of the production, the maize production potential of the
field was calculated by using the maize precision farming parallel man-
agement scheme design model. Then the maize production target, mainly
yield target was determined.

@ Formulation of cultivation scheme before sowing. According to the yield
target, the model of the parallel management plan of maize and the calcu-
lation method of the seed, fertilizer, water and pesticide were used to cal-
culate and recommend the suitable varieties, sowing date, sowing density,
and sowing depth, and then calculate the fertilization and irrigation schemes.

@ Warnings and regulations during maize growth stages. After sowing, real-
time monitoring of maize growth and field environment is achieved by using
Internet of Things technology and means, such as air temperature and
humidity sensors, soil temperature and humidity sensors, multispectral
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sensors, video surveillance systems. Using design model of maize precision
farming parallel management scheme to analyze whether the crop growth
deviates from the optimal growth indicators. If there is any deviation or
disasters occur, the computational test algorithm is used to optimize the
management of irrigation and fertilization, and form a regulation scheme.

@ Analysis and evaluation after maize harvest. After crop harvest, the database
of crop production field archives is updated. Based on the data of the current
year, re-evaluation of varieties, meteorology, soil, production level and
cultivation scheme and model parameter adjustment are conducted using the
design model of maize farming precision parallel management scheme. On
this basis, the production target and cultivation scheme for the next year can
be formulated.

2.2 Model System

Maize precision farming parallel management model system consists of maize
knowledge model, growth model and structural-function model. Maize structural-
function model mainly used to optimize analysis and visualization output.

The maize knowledge model is developed based on understanding, analysis,
extraction and integration of experts’ knowledge and experience, literature and exper-
iment data for maize cultivation management, analyzation of the dynamic relationships
of maize growth and management indices to variety types, ecological environments and
production levels. The maize knowledge model is mainly designed to optimize the
cultivation scheme, which includes yield target calculation, variety selection, sowing
date, population density, fertilization strategy, irrigation management.

The maize growth model is based on the theory of crop-environment-atmosphere
continuum. It can reflect the dynamic relationship between the maize growth and
climatic conditions, management technology, soil physicochemical properties and
genetic traits. The optimal cultivation management scheme based on the maize
knowledge model is used as the input of maize growth model to carry out the process
simulation analysis to achieve re-evaluation of varieties, meteorology, soil, produc-
tivity levels and cultivation scheme, as well as the adjustment of model parameters.
Based on this, the production target and cultivation scheme of next year can be
formulated.

The maize structure-function model is based on maize growth, morphology
knowledge model and geometric model. It integrates the canopy radiation transfer
model and three-dimensional visualization model, and realizes the canopy structure
calculation, light interception, assimilation product distribution and organ growth
simulation. The maize structure-function model is used to optimize the analysis and
visualize the output.

2.3 Digital Support Environment Construction

Maize precision farming parallel management digital support environment includes the
construction of the model database and the construction of the Internet of Thing system
for real-time data acquisition.



Maize Precision Farming Parallel Management Technology 221

The database construction includes geographic information, meteorological infor-
mation, soil properties, variety information, agricultural materials information, farmers’
management level and field management archival information, etc. The geographic
information means the location of management plot. The meteorological information
includes daily maximum/minimum temperature, air humidity, sunshine duration,
radiation, precipitation, wind speed. The soil properties include soil type, bulk density,
wilting point, field capacity, organic matter content, total nitrogen content, available
phosphorus content, available potassium content and pH value. Farmers’ management
level is divided into three levels based on mechanization degree: high, medium and
low. The field management archival information is the detail information of production
process, including variety, sowing date, fertilizing/irrigate date and amount, etc.

The Internet of Things system for real-time data acquisition includes air tempera-
ture and humidity sensors, soil temperature and humidity sensors, multispectral sen-
sors, video surveillance system and visible light, multispectral and infrared sensors
based on unmanned aerial vehicle platform. It can provide real-time information such
as crop growth, crop diseases, meteorological disasters, etc.

3 The Maize Precision Farming Parallel Management’s
Application in Heilongjiang Province

The maize precision farming parallel management technology was applied in Yian
County, Heilongjiang Province. The demonstration base is located in Yian Provincial
Agricultural Science and Technology Park. The maize cultivated land area is about 500
mu in the park. First, the digital support environment was constructed according to the
maize precision farming technology of parallel management procedures (Fig. 1). The
experiment field was 10 mu, the maize was planted based on two management scheme,
one is according to the maize precision farming parallel management system and
another is according to local farmers’ traditional habits. The primary properties of the
soil are presented in Tables 1 and 2.

According to the meteorological data and soil properties of the field plot, the maize
precision farming parallel management system was used to make cultivation decision.
In 2015, the yield target was made to 750 kg mu~ ', and the cultivation decision was
made at rain-fed conditions. The two management scheme was showed in Table 3.
Compared with the farmers’ traditional scheme, the system scheme decreased the N
input by 20 kg ha ', P,Os input by 11 kgha ', and increased K,O input by
11 kg ha™".

The yield results of two schemes were showed in Table 4. Maize yield and yield
components under system scheme were superior to that under traditional scheme. The
results showed that the yield under system scheme was 8% higher than that under
traditional scheme.
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Fig. 1. Environmental data acquisition equipment installed at the experiment site

Table 1. Primary soil physical properties at the experimental site.

3

3

Depth Orc cm® em ™2 | Bywp cm® em ™ | Ks em d7! | Sand % | Silt % Clay %
0-30 cm |0.301 0.125 1.1082 13.16 |66.08 |20.76
30-60 cm | 0.295 0.127 0.9685 2220 5649 [21.31
60-90 c¢m | 0.361 0.182 0.5628 3.16 63.89 |32.95

Table 2. Primary soil chemical properties of plough layer at the experimental site.

Layer Total N g kg™' | AP mg kg™' | AK mg kg™' |OM g kg™' | CEC cmol kg™' | pH
0-30 cm | 1.94 36.0 239.2 29.7 28.1 5.8
Table 3. The two comparable management schemes

Scheme Variety Sowing | Density plants | Base fertilizer | Top dressing
date ha! (kg ha 1) (kg ha™ 1
N |P,Os|K,O|N |P,05 K,O
System Jinongda501 | May 3 | 75000 12085 |86 |100|0 0
scheme
Traditional Jinongda501 | April 28 | 82500 170195 |75 7010 0
scheme
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Table 4. Maize yield and yield components in two different schemes

Scheme Ears Kernels Ears Bald 100- Harvest Yield
length per ear per ha |length kernel index kg ha™!
cm cm weight g

System 20.22 584 77160 |3.01 23.50 0.47 10590

scheme

Traditional 18.87 531 80520 |3.54 23.36 0.45 9840

scheme

4 Conclusions

The maize precision farming parallel management technology is established base on
model system and Internet of Things. Its application in Northeast China proved that the
maize precision farming parallel management technology is useful to improve maize
production. The system scheme made from maize precision farming parallel man-
agement technology decreased cost input and increased farmers’ profit compared with
traditional scheme, and also alleviated the negative effect of chemical fertilizer on soil
ecological environment. Therefore, the maize precision farming parallel management is
a sustainable development technology that benefits to farmers and environment.
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