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Abstract. Seed processing is an important link in the seed industry chain. Crop seed industry is a national strategic and
basic core of industry. Drying, cleaning, selecting, grading, coating, packaging and storage of crop seeds are the main
measures to realize the precision sowing of crops and the increase of grain yield and income. Continuously improving
the intelligence and fine level of seed processing equipment is of great significance to ensure the production and supply
of excellent seeds and the stability of agricultural production. This paper describes the development status of modern
seed processing equipment technology in China, introduces the establishment of seed processing equipment engineering
technology research center, taking maize, rice, wheat and cotton seed processing technology and machinery as an example,
describes the key technologies and technological process of the breakthrough in the major crop seed processing, analyzes the
existing problems of seed processing equipment in China at this stage as well as the development trend in the future, provides
areference for government decision makers in resolving the problem of mechanical damage in the process of seed processing
and further improving the intellectualization level of seed processing, promotes the common progress of the global seed
processing equipment technology.
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cTparermdeckas u 6a30Bas OTPaCIb MPOMBIIUICHHOCTH cTpaHbl. CyIKa, OYHCTKa, 0TOOP, COPTUPOBKA, IPaKUPOBAHUE, YIIa-
KOBKa M XpaHEHHE CEMSH CeIbCKOX03AHCTBEHHBIX KYJBTYP SBIISIOTCS OCHOBHBIMM MEPaMHM MO 00€CTIeYEeH IO TOYHOTO T10CEBa
CENBCKOXO3SHCTBEHHBIX KYNBTYP U YBEIHUCHHS YPOXKAWHOCTH H T0XOHOB 3epHa. [locTOSHHOE MOBBIIEHNE HHTEIUICKTYalb-
HOTO YPOBHSA 000pYI0BaHUS A1 00paOOTKH CeMsH UMeeT OOJbIIoe 3HaYeHHe IS TIOMYYeHHs W OCTAaBKH OTIIMYHBIX CEMSIH
U obecreueHns CTaOMIIBHOCTH CEbCKOX03HCTBEHHOTO MPON3BOACTRA. B 3T0i paboTe OmUChIBAeTCS COCTOSHIE Pa3paboTKu
COBpPEMEHHOTO 000pyzoBaHus 11 00paboTke ceMsH B Kutae, pacckas3pBaeTcsl O CO3NaHHUH [EHTPa HHKEHEPHBIX TEXHOIO-
ruii obopynoBanus 1t 006padoTku cemsH. Ha mpumepe TexHoIorHi 1 000pya0BaHuUs 115t 00paOOTKH ceMsSH KyKypy3bl, puca,
TIIICHUIIB ¥ XJIOKA OMHCHIBAIOTCS KITIOUEBBIE TEXHOJIOTUH M TEXHOJIOTHIECKHIH MPOIIECC, JIeXKAIINE B OCHOBE TEXHOJIOTHYIE-
CKOTO MPOpBIBa B 00pabOTKE CEMSH OCHOBHBIX CENIbCKOXO3SHCTBEHHBIX KYJIBTYP. AHAJIU3UPYIOTCS CYILIECTBYIONINE MpobiTe-
MBI, CBS3aHHBIE ¢ 000pyI0BaHIeM UL 00paboTku ceMsH B Kurtae Ha qaHHOM 3Tare, a Takke Oyaymine TeHICHIIUHI Pa3BUTHI
00paboTku cemstH. CTaThs MPeAOCTaBIAET PEKOMEH/AINH JIJTs JINLI, TPHHAMAIOIINX PABUTEIbCTBEHHBIE PEIICHNS B 0011acTi
po0IeM MeXaHNYECKHX TOBPEXKICHUH CEMSH B Tporiecce 00pabOTKU M PeIleHHs O JaJbHEHIIEeM MOBBIICHUH YPOBHS HH-
TeJIeKTyall3alu 00pabOTKU ceMeHHOro MaTepuana. JlanHas paboTa criocoOCTBYeT AaTbHEHIIEMY Pa3BUTHIO II00ATBHBIX
TEXHOJIOTHH B 3TOH cepe.
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the mechanization and intelligence of agriculture

vigorously, and add wings of science and technology
for agricultural modernization”. “One seed can change
the world, the bowls of the Chinese, in any situation, must
be firmly held in our own hands, and it should be mainly
filled with Chinese grain” [1].

Crop seed industry is a national strategic and basic
core of industry. Seed processing equipment is an import-
ant link in its industrial chain, which is the main measure
to realize precision sowing and the increase of grain yield.
Seed processing mainly refers to the seed treatments be-
fore planting and the fine processing, drying and storage
of the grain after harvest (Fig. 1).

P resident Jinping Xi put forward, “we must promote
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Fig. 1. Seed processing equipment in the crop seed industry chain

Seed processing refers to the process of drying, clean-
ing, grading, coating, packaging and storage of seeds from
harvest to sowing depending on their different biological,
physical and mechanical characteristics.

Seed processing equipment is the generic term of spe-
cialized processing technology and technical equipment
which are designed and adopted for the different breeds
of crop and processing requirements. Seed processing
equipment is of special significance to ensure the produc-
tion of fine seeds supply and the stability of agricultural
production [2].
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Development and application of intelligent seed pro-
cessing technology and equipment

The National engineering technology research center
of seed processing equipment was approved by the min-
istry of science and technology in 2012, established on
Aokai Seed machinery Co., Ltd. Jiuquan, China (Fig. 2).
It mainly engaged in the research of the principle of seed
processing technology, the key technology of seed pro-
cessing, the serialization, complete set, and intelligence
for the seed processing equipment.
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Fig. 2. National Engineering Technology Research Center of Seed
Processing Equipment

Aokai Seed machinery Co., Ltd. is close to the core ar-
ea of national corn seed production base, and it is the larg-
est leading enterprise of seed industrial equipment devel-
opment and manufacture, ranking first in the industry in
China. The main products are seed fine processing, seed
drying, metal storage, field seed production, environmen-
tal protection and dust removal,and other 10 series includ-
ed more than 500 varieties.

The center has set up 4 research and development cen-
ters in Jiuquan, Lanzhou, Beijing and Chengdu, with 14
sub centers about seed processing, drying and complete
engineering, including 128 technicians. In 2020, Aokai
Seed machinery Co., Ltd. was rated as national green fac-
tory. Our goal is to build it into a garden mold of intelli-
gent green manufacturing factory which manifests the
type of brand effectiveness and viewing demonstration.
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In the process of manufacture, the advance processing
equipment such as laser cutting, numerical control cut-
ting, numerical control machine, automatic welding, pre-
cision forging, precision casting has been widely adopt-
ed, and the precision of the manufacture of the seed pro-
cessing equipment has been improved (Fig. 3, 4).
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Fig. 5. Engineering processing technology flow of maize seed

of the corn seeds with high cost performance, intelligent,
large-scale, engineering in the whole process for seed in-
dustry in China.

In terms of the product research and development, ac-
cording to the processing characteristics of the corn seeds,
we have successfully developed large modular corn ear
drying equipment, variable temperature drying equip-
ment, intelligent seed sorting and processing equipment,
multi-channel corn peeling machine, kneading maize
sheller, intelligent batch environmental coating machine
and other equipment, forming an advanced and perfect
corn seed processing technology and equipment system.

In the application of new technology, the automatic
control and information management system of the corn
ear drying were researched. Through tracking and ana-
lyzing the collected data and corresponding curves, the
best drying process parameters for the certain corn seeds
were defined (Fig. 6). The remote monitoring and intelli-
gent control of corn ear drying were realized, which re-
duces the intensity of the operators, and realizes the in-
formation recording and administration of the whole pro-
cess of drying.

th 4. Hydraulzc testing platform

After the implementation of “seed law” in China, the
number of seed enterprises in China has decreased from
more than 8000 to less than 4000 now. The concentration
of seed enterprises has been continuously improved, and
the enterprises march toward the road of the large-scale
management, which ensured the quality of seed process-
ing and the safety of seed supply [3]. We have realized the
industrialization, complete set, large-scale and intelligent
of the seed processing in the standardizing, large-scale,
mechanized and intensive environment. We pay attention
to the seed health, preserve the seed vitality and ensure
the processing quality [4].

The production line of the seed processing equipment
is mainly divided into corn, rice, wheat, cotton, vegeta-
ble and flower seeds [5-7]. In China, corn seed produc-
tion is a huge industry. In the field of the process of the
corn seeds, we have built an intelligent mechanized op-
eration in the whole process, and the mode of the large-
scale production (Fig. 5). We developed the complete set
of equipment for large-scale processing of corn seeds. We
realized the information management, fine processing,
mechanized operation and large-scale production of corn
seeds. We provided the mechanized processing equipment

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMMA + Tom 15 + N 2021

Fig. 6. Schematic diagram of hot air reversing in drying process
of corn seed ear

In the aspect of intelligent batch seed coating machine,
based on PLC, the units are controlled to operate automat-
ically, orderly, and concordantly, which realize the intel-
ligent and precise addition of the seed coating agent. The
pre-mixing system of seed coating agent was developed
to solve the problems of various kinds and complex for-
mulations of the seed coating agent.

We have developed an integrated high-clearance
self-propelled corn tasseling and spraying equipment,
based on the Beidou navigation system, it achieve auto-
matic navigational operation of the spraying machine,
which solves the problem of the intelligent control of the
mechanized tasseling, spraying, fertilization, reduces the
production cost of the corn seed production, and improves
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the competitiveness of the seed market.The layout of large-
scale corn seed processing plant is constructed. We can
develop one-stop solutions from plan, design, manufac-
ture and install. We can complete the integrated turnkey
project from the front unloading platform — ear dressing
workshop — ear drying — threshing — temporary storage —
cleaning processing — intelligent storage (Fig. 7).
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Fig. 7. Layout of large-scale corn seed processing plant

In terms of popularization and application, the annu-
al production of the seed production of hybrid maize in
the base in Hexi corridor, Gansu, accounts for about 60%
of the national demand. The purification rate of corn seeds
reaches 99.5%, the damage rate is less than 0.5%, and the
germination rate is more than 96%. At present, there are
150 corn ear drying production lines in China, which ef-
fectively guarantee the large-scale processing demand of
corn seeds.

In the field of rice and wheat seed processing, we main-
ly solve the problems of processing equipment and intel-
ligent control system, such as precleaning, grain drying,
awning removal, gravity separation, pit-hole roller clean-
ing, specific gravity wind separation, coating and pack-
aging (Fig. §). Inrecent years, the demand of the mechan-
ical drying of rice seeds is increasing by year. There are
more than 1200 complete sets of wheat and rice seed pro-
cessing lines in China, which basically meet the current
processing requirements of rice seeds in China [8].
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Fig. 8. Rice and wheat seed engineering processing process

The continuous intelligent drying technology of rice
and wheat grain were mainly solved. According to the
safety temperature of different materials tolerated, the
variable temperature drying process was adopted to real-
ize the slow and uniform precipitation of rice and wheat
seeds, and reduce the rate of cracking and heat damage of
seeds.

Interms of heat source, heat pump is used as clean heat
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source to change the traditional drying mode which uses
coal as heat source. Large rice dryers with 15 t/h, 30 t/h
and even 100 t/h have been developed and produced. The
drying temperature is accurately controlled, and energy
saving, environmental protection and reduced seed dry-
ing cost are achieved.

In the aspect of cotton seed processing, the excessive
dilute sulfuric acid depilation process was used to build
a complete production line of intelligent de cashing of cot-
ton seeds. After processing, the purity of cotton seeds was
more than 95%, the germination rate was more than 90%,
and the crushing rate was less than 5%. China has built
120 complete sets of cotton seed production lines.

Inrecent years, color separation and magnetic separa-
tion technology have been continuously applied in pro-
cessing production line of cotton seeds, which significant-
ly improve the quality of cotton seeds. Color separation
technology is also suitable for the processing production
line of rice and corn seeds.

In the field of seed processing of vegetable, flower and
forage seeds, a production line with a processing capaci-
ty of 150 kg/h has been developed, which has solved the
key technologies of the fine processing single machine
and complete set of production regarding polishing, dry-
ing, wind separation, specific gravity selection, coating
of the vegetables, flowers and grasses seeds. It also pro-
vides key technical equipment for the fine processing of
vegetable and flower seeds in China.

Seed processing technology in china originated in the
1970s and has a history of 50 years. The development of
seed industry equipment has gone through a process from
scratch less to much more, small to large, single to com-
plete. The development of seed industry equipment has
basically met the needs of China’s seed processing equip-
ment, and has been exported to many countries around
the world. The technical level of seed industry equipment
has reached the international advanced level, which can
play an important role in solving the problem of the grain
yield, farmers’ income, and the eating problems of 1.4 bil-
lion people in China.

The future of seed processing

To solve the problem of mechanical seed damage during
seed processing, the level of the intelligence in seed pro-
cess should be further improved. The deep integration of
5G with cloud computing, big data, artificial intelligence,
virtual reality and other technologies to establish seed
processing parameter database and realize online remote
intelligent control of seed process is the goal of the re-
search and development of seed processing equipment in
the future.

Quality traceability and on-line monitoring of seed
production process should be solved. Machine vision tech-
nology, near infrared spectroscopy, hyper-spectral imag-
ing technology, soft X-ray technology, laser speckle tech-
nology and other technical means should be applied to de-
tect seed vitality and vigor.
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We should adhere to the concept of “scientific and tech-
nological innovation lead the development”, build a seed
industry equipment innovation system with the govern-
ment as the leading factor, the market as the guide, enter-
prises and scientific research institutions as the main body,
scientists and technicians as the main force, and the sys-
tem as the guarantee. We should build a highland of sci-
entific and technological innovation, and make greater
contributions to the national food security and the new
rural construction [9, 10].

We should further deepen the exchange and coopera-
tion with international seed processing equipment enter-
prises, promote the common progress of the global seed
processing equipment technology, and create a better fu-
ture for human society.

ConcLusions. With the continuous promotions of the
national economic development in the period of “14th five

POCCUINCKUA CUMMNO3NYM
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year plan”, the strategic core position of seed industry in
the national economy will be more prominent. The mech-
anized technology system and equipment of seed indus-
try in China face high-quality development. We should
further grasp the development trend of seed industry in
China, solve the problem regarding the supply-demand
relationship between seed production and processing in
the new period, continuously increase the investment in
scientific research, strengthen the collaborative innova-
tion and cooperative research, deepen the integration of
agricultural machinery and agronomy, strengthen the in-
tegrated development of seed industry equipment with in-
telligence and information, establish the team of scientif-
ic talents, and promote the transformation and application
of the achievements, which can make important contri-
butions to ensure the food security in China.
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