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Top design and progress in research and development of synthesis technique for
reduction and synergy of chemical fertilizers and pesticides in China

Zhang Kai Feng Tuizi Xiong Chao Zhang Zhao
(Development Center of Science and Technology, Ministry of Agriculture and Rural Affairs, Beijing 100122, China)

Abstract: Chemical fertilizers and pesticides are irreplaceable agricultural inputs to ensure national
food security and effective supply of major agricultural products. In 2015, the cultivated area of China
only accounts for 7% of the world; however the chemical fertilizers and pesticides consumed more than
33% of the world. Since 2016, the specific funding of “Research and Development of Synthesis Tech-
nique for Reduction and Synergy of Chemical Fertilizers and Pesticides” was carried out to solve the
problems caused by excessive application of chemical fertilizers and pesticides, such as ecological envi-
ronmental pollution, safety of agricultural products, decline of cultivated land quality, destruction of bio-
logical diversity, and continuous increase of production costs of agricultural products. Depending on the
means, products and equipment for reduction, this funding was designed to focus on important agricul-
tural products such as food crops, cash crops, vegetables and fruiters and integrally implemented in
compliance with the agricultural policy. The overall layout, effect of of implementation, science and
technology output, technical popularization and managerial experiences of this funding were intro-
duced, the data related to annual task deployment, fund distribution, undertaking unit arrangement, per-
sonnel structure during its research, test, transformation, and extension were analyzed. Besides, the cur-

rent achievements in three areas of basic theory, key technologyand technology extension were also

SE I H - [ ZI B H b ML EE 2R (2069999)
* M {E1E& (Author for correspondence) , E-mail: okagri@163.com
Wk H I : 2019-05-24



944 % R

E 46 4

summarized, hoping to provide references for relevant researchers, service centers, administrative de-

partments, technical users and business subjects.

Key words: chemical fertilizer; pesticides; reduction and synergy; negative growth; national key R&D

program of China
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Table 1 Annual statistics of projects and fundings of special missions in China in 2016—2018

B G KR A RO DAY B RS
RS B B MR SE A A LA 25t H AR

BT E AR (3R 2) .

SEIECR () thR LT e 222 (1 78)
ST Number of projects Central fiscal investment(ten thousand yuan)
i R <R
ERELET SR T e sepeempn T gy
Year Basic theory Key technolo Technology Total  Basic theo Key technolo Technology Total
v Y &y extension Y Y 24 extension
2016 3 4 6 13 19 100 25 540 33 400 78 040
2017 6 10 5 21 27 544 35609 29 749 92 902
2018 0 1 14 15 0 4379 57 594 61973
£ 11 Total 9 15 25 49 46 644 65 528 120 743 232915
R2 20162018 FREETMESZBEREMR
Table 2 Deployment of special missions in China in 2016—2018
FRMEE RS
it 3t A 4 S R % (i) Central -
) ) ) R
Area Project name Auspice fiscal invest-ment Year
(ten thousand yuan)
et ACRRIMER D715 PR AR IR AR B BT RS AR X 6 800 2016
Py Nutrient recommendation and limits of chemical — XIBFFEAT
T fertilizer Institute of Agricultural Resources
Basi and Regional Planning, Chinese
has1c Academy of Agricultural Sciences
t » s — WA, gy | ST
O AR E AR IO SIRIEERE TP E AR B (R BT T 6 800 2016
Characteristics and limits of chemical pesticides in Institute of Plant Protection, Chinese
different cropping systems in China Academy of Agricultural Sciences
Bt st I3 52 AL % 3 AR RO LA 5 9845 Mecha- PRk B g at 305 BT 5500 2016
nism and regulation of cultivated land fertility on fer-  Institute of Soil Science, Chinese
tilizer utilization Academy of Sciences
NERHR R TR AL AR S 1 R B A AL R B g L SRS 5500 2017
Mechanism of transfer, conversion process and loss  Institute of Soil Science, Chinese
control for nitrogen in fertilizer Academy of Sciences
AR 2R e Ak 5 R 8OR PSR ROl R 4 866 2017
Mechanism of conversion and efficient utilization for =~ China Agricultural University
phosphorus in fertilizer
e AR e R A S ORI e T EAL B E B P R P IE S i 4376 2017
Mechanism of target efficient transfer, deposition and  Institute of Plant Protection, Chinese
regulation of chemical pesticides Academy of Agricultural Sciences
T AA AR R BAT FE AW A S VIERLS Mech- P EBR A Besh i e Bir 5480 2017
anism of efficiency enhancement for biological pesti-  Institute of zoology, Chinese Acade-
cide and ecological regulation of pests my of Sciences
FAEWZ 3 TR S 2y T AR TR 2355 2017
Molecular target discovery and ecology design of agri-  East China University of Science and
cultural biological chemicals Technology
BEM0 A B ULAT  P  R  OBUR S o LB S 4967 2017

Mechanism and regulation of cultivated land fertility
on agricultural pests

Institute of Microbiology, Chinese
Academy of Sciences
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RIS G 22
GiEs A 45k YEES L % (Ji78) Central .
) , . o
Area Project name Auspice fiscal invest-ment
(ten thousand yuan)
M HAUR IR K TR OB =B BRSO X 5940 2016
ek Development of new compound fertilizer and water-  KIJAF5E AIr
FiA soluble fertilizer Institute of Agricultural Resources
Key and Regional Planning, Chinese
Academy of Agricultural Sciences
tochno- (e e S5 NRIBACK A B0 % oA PR BE D (R ST 6500 2016
logy Development of key synergy technology and product Institute of Plant Protection, Chinese
of chemical pesticides Academy of Agricultural Sciences
B REACRSHERE L B AT RRA B A S H JERAO A RERE A BB T L 6 400 2016
Technology and equipment of intelligent, precise and Beijing Research Center for Informa-
deep application of fertilizers tion Technology in Agriculture
HoTHT S s  TAOELBAR S REA R Ca N 6700 2016
Technology and intelligent equipment of high effi- South China Agricultural University
ciency ground and aviation application of chemical
pesticides
BTG RS S AERHIT GIERA S TR M B A R A F 4941 2017
Development of new generation of slow-controlled re-  Kingenta Ecological Engineering Gr-
lease fertilizer and stable fertilizers oup Co.,Ltd.
AR K A A AT o TEBHAR RAr 4771 2017
Development of biochar base fertilizers and microbial ~ Shenyang Agricultural University
fertilizers
VER) Go e Vi 5 ) BB P H AR ™ i RO B E BEAE Y PR IS i 5003 2017
Development of technology and product for crop im- Institute of Plant Protection, Chinese
munoregulation and physical control Academy of Agricultural Sciences
KRG BB K™ it R TR LR E B PRI TS BT 2536 2017
Development of technology and product for natural Institute of Plant Protection, Chinese
enemy insect application Academy of Agricultural Sciences
B A YR T R K Al R 1987 2017
Development of new and efficient biological fungi- China Agricultural University
cides
HLE R ) A HURI I A HrEAOL B BEAE Y R IS i 2022 2017
Development of new and efficient biological pesti- Institute of Plant Protection, Chinese
cides Academy of Agricultural Sciences
IR e SR A R 1 R 0 A W Bk e R I A TR 2198 2017
Development of new and efficient plant growth regu-  China Agricultural University
lators and biological herbicides
RIKG RG2S A AR T 1850 2017
Synthetic biology and combinatorial biosynthesis  Tianjin University
technique of natural green biological pesticides
F5 43 IR AL W 55 K IS — A AR e R B AR K e 4 RO R 4636 2017
Technology and equipment of in situ monitoring of China Agricultural University
nutrients and integration of water and fertilizers
iy i 5 AL BEOR K BLE A R TR R E B R AP TS BT 5665 2017
Technology and auxiliary equipment of seeds, seed- Institute of Plant Protection, Chinese
lings and soil treatment Academy of Agricultural Sciences
o AR IR, /N1 AR 25 R R T S 7R3 PR 4379 2018

Development and demonstration of high efficiency
and low-risk small molecule pesticides and prepara-
tions

Guizhou University
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TRV Rt
Gty A 4k SRR L (7 J) Central fis-
Area Project name Auspice cal invest-ment Yez;
(ten thousand yuan)
Fnl RITH PR ILR GBI ER SRR 5nE. WA R R BE 6200 2016
787 Research and demonstration of synthesis technique for  Zhejiang Academy of Agricultural
)" reduction and synergy of chemical fertilizers and pesti-  Sciences
Tech- cides on the rice in the Middle-Lower Yangtze river
nology el {4 Z4si it A AR SE U SR 16 AR B B2k T 6 000 2016
exten-  Research and demonstration of synthesis technique for — Tea Research Institute, Chinese
sion reduction and synergy of chemical fertilizers and pesti-  Academy of Agricultural Sciences
cides on the tea in China
Bl AN 25O B AR F7RE Hh LA B e B 2R AE SIS BT 7000 2016
Research and demonstration of synthesis technique for  Institute of Vegetables and Flowers,
reduction and synergy of chemical fertilizers and pesti-  Chinese Academy of Agricultural
cides on the greenhouse vegetables in China Sciences
SERACNEAR 2SRRI T 5 7R IR R 6 000 2016
Research and demonstration of synthesis technique for  Shandong Agricultural University
reduction and synergy of chemical fertilizers and pesti-
cides on the apple in China
HHEA 25 980t 4 S5 A PR RN T AV PO RHIT e I e 4200 2016
Environmental effect evaluation of reduction and syner-  Agro-Environmental Protection
gy of chemical fertilizers and pesticides Institute, Ministry of Agriculture
PREAR 24 BBl 18 S8 AN S Al A FEARMHAAE M 55 L 4000 2016
Evaluation of synthesis technique for reduction and syn- ~ National Agricultural Technology
ergy of chemical fertilizers and pesticides Extend Service Center
B IR A/ N A AN AR 2480t H AR BRI 5 7R3 TR AR RR B 6343 2017
Research and demonstration of synthesis technique for =~ Henan Academy of Agricultural
reduction and synergy of chemical fertilizers and pesti-  Sciences
cides on the Huang-Huai-Hai winter wheat
JET7 EARAMAEAR 2Rt £ ARG I 5E 5 7 Hh RO B B ) DR AP IE S BT 5494 2017
Research and demonstration of synthesis technique for  Institute of Plant Protection,
reduction and synergy of chemical fertilizers and pesti-  Chinese Academy of Agricultural
cides on the maize in north China Sciences
M AEANEA 2t B AR FE S5 7T Hh [ AL B B A TR E 5 BT 6331 2017
Research and demonstration of synthesis technique for  Institute of Plant Protection,
reduction and synergy of chemical fertilizers and pesti-  Chinese Academy of Agricultural
cides on the cotton in China Sciences
MG AN A 285 B2 AR 2 T 52 S A AR AE AL IR ARl Ry 5880 2017
it AR TS S e Huazhong Agricultural University
Research and demonstration of synthesis technique for
reduction and synergy of chemical fertilizers and pesti-
cides on the citrus in China
Pty RIS AR 25Ut AR B 5 5 7R Hh E AR BLE BE R S ) 5701 2017
Research and demonstration of synthesis technique for — fRIP AT AT
reduction and synergy of chemical fertilizers and pesti-  Environment and Plant Protection
cides on the tropical fruits in China Institute, Chinese Academy of
Tro-pical Agricultural Sciences
LI K FEMNE AR 25t 1 AR I 5 5 7R TR B 3661 2018

Research and demonstration of synthesis technique for
reduction and synergy of chemical fertilizers and pesti-
cides on the rice in north China

Liaoning Academy of Agricultural
Sciences
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OB R 2T
4518, SERA 5 A (J77C) Central fis- _é%
Area Project name Auspice cal invest-ment Ye;
(ten thousand yuan)
Birn R R PTR KR LR 2500 AR SR AR R R 3815 2018
JGHE)S  JE Research and demonstration of synthesis tech- South China Agricultural Univer-
Tech- nique for reduction and synergy of chemical fertiliz- sity
nology ~ © and pesticides on the rice in south and southwest
exten- China
on AN R ASE T P AHRIE A 3808 2018
Research and demonstration of synthesis technique = Northwest A&F University
for reduction and synergy of chemical fertilizers and
pesticides on the wheat in north China
KAWL/ NN IER AR S RO BB PR B T 4579 2018
Research and demonstration of synthesis technique Institute of Plant Protection,
for reduction and synergy of chemical fertilizers and Chinese Academy of Agricultural
pesticides on the winter wheat in Yangtze river basin Sciences
O R ER GRS E IR R R 4361 2018
Research and demonstration of synthesis technique Henan Agricultural University
for reduction and synergy of chemical fertilizers and
pesticides on the Huang-Huai-Hai summer maize
RT3 FORACEA 2500t B AR BB S S -9e DU Al Bk e A 4 B 5 o 3763 2018
Research and demonstration of synthesis technique Crop Research Institute, Sichuan
for reduction and synergy of chemical fertilizers and Academy of Agricultural Sciences
pesticides on the maize in south moutain
LR B NER 25O AR R T 5757l R R BEBE AL IS i 3945 2018
Research and demonstration of synthesis technique Institute of Vegetables and
for reduction and synergy of chemical fertilizers and ~ Flowers, Chinese Academy of
pesticides on the potato in China Agricultural Sciences
ThSEARL A 25 00t AR BT 525 7R3 el R 4120 2018
Research and demonstration of synthesis technique = Huazhong Agricultural University
for reduction and synergy of chemical fertilizers and
pesticides on the rape in China
RS AEAEACNEA 2400t -H AR IS5 7R3 AU R 4381 2018
Research and demonstration of synthesis technique  Nanjing Agricultural University
for reduction and synergy of chemical fertilizers and
pesticides on the soybean and peanut in China
FrOLTHEYLIE R WG E AR S8 T ERE RV R EBER RS 4485 2018
Research and demonstration of synthesis technique for AR W58 IF
reduction and synergy of chemical fertilizers and pesti-  Environment and Plant Protection
cides on the characteristic economic crop in China Institute, Chinese Academy of
Tropical Agricultural Sciences
BN ZT M AR IR 5 i A L B B S I T 5847 2018
Research and demonstration of synthesis technique for The Institute of Vegetables and
reduction and synergy of chemical fertilizers and pesti- Flowers, Chinese Academy of
cides on the outdoor vegetable in China Agricultural Sciences
A P UTRANEAR 25 i ARG I S5 7-3E RO AL BEAE Y R IS i 4089 2018

Research and demonstration of synthesis technique for
reduction and synergy of chemical fertilizers and pesti-
cides on the grape and cucurbites in China

Institute of Plant Protection,
Chinese Academy of Agricultural

Sciences
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4 5 4 SRR L $%(J770) Central
; ) : HEHE
Area Project name Auspice fiscal invest-ment Year
(ten thousand yuan)
s BRI AL AR 2450 B AR HE BT 573 TR R 3888 2018
JuffE)™  Research and demonstration of synthesis technique for Jiangsu Academy of Agricultural
Tech- reduction and synergy of chemical fertilizers and pesti- Sciences
nology cides on the pear and peach in China
exten-  MHEEIERLE G P BOR GBI A 575 PR R 2852 2018
sion Development and demonstration of synthesis control Southwest University
technique for Citrus Huanglongbing in China

15 BB FI1.93425C, 435 STE Y 50% F18%.

I H EHF A KRB E | KL B St £ 45
T 17 E , S EH BB 35%, th gL BT 4 48
2% 6.8942.7C. FHIFBE T 34 1 3130, ST H Sk
(1) 63% , HH YL P 4 26 %% 159142470 Al 2 HFL
13, (530 H B 2% , Th IR W U3 4 26.9% 0.4942 7T
(K 1-A).

I A MR AR L 2016—2018 4F
T H R4 B 1S AT 29 R, H
ook H AT T IRAE 0 E S L B
HIB, 53 510 24 KA 4 52, 430 EFRE AL B
49% F1 8% ; Hh L WA WY 43 28 9% 43 i 11.75 47T

BEAh XI5 H T IR R A i L T
BT, 3 AF LI 49 4T H A5 434 N8, Hor,
2016 43700 139 ANG4ET, 2017 437,30 161 4> H A8,
2018 4F A7 01 134 PR, M BRBUR LA R E , R
LB AR T 191 A IGEL, T 5 L Aoh 44% , BHITF
BE T R0 T 228 AN, T ELAG A 53% , 4l At
AT 15 ANREL, i e 3% (BT 1-B) o
1.6 35 AR

2016—20184F 7 3 H S A5 180 A,
Horpr B ARFR 3 302 A, 5 BB 64% ; A T+
SN B 3019 A, B 58% (K1 2) .

B KEBERE University = RIFBEAT Institute = i\ Enterprise
T 80+ B
BB 3 60
g - 10 i -2
® £ 8 B2 40
g s 6 & 5
4 B
Z 5 * s %
0 0
2016 2017 2018 2016 2017 2018
4 Year
E1 2016—2018 EKETH (A) IRE(B) EEHHIFR
Fig. 1 Annual distribution of number of project (A) and subject (B) in China in 2016—2018
A 29, B 2%
u BRI ® &+ Doctor
Senior
m HGERFR B B+ Master
Intermediate
B IR ERFR m %+ Bachelor
Junior
u HAfih Other m At Other

2 20162018 EXL B E S 5 NRFF (A) FRFRER (B)
Fig. 2 Educational background (A) and titles (B) of participants in 2016—2018
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2017) BHE=HLHL 5 188403 1% (Zhou et al., 2018) fi
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2.1.2  #Hhib h Heai e R 25 B AR R f9 Uk
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al.,2019) , Bk AE 545 RS XL A 3R 20 R HIBECR
A EAEY) KA M50 (He et al.,2018) , DAz 44—
T - BAE BB (Wei et al.,2018) , +- 35
MW iR AT 5 43 1 G A2 2 L] (Jin et al.,
2019) , ¥4 7 1 BB R b ) P AR5 BB A 7 1A
KBAY(Yin et al.,2018), #IAb 1 ffdf i ) 548 20
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2.13 WEFRABFHEHIELHIEREZ
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T RIS AR K Z2 D fE M Re . AR BR 1Y
T ROK IR IR (SRS, 2018) , SEAR BRI A IR Wit
Bk B AE D RE T — R B LR D IR (Ma
etal.,2018), KTt AEYANUIE; & T WAL
B I I M H R (Chen et al., 2018 ) 1L T4¢
NI K v 280 A 0y T R0 A S ol it e AR (O A
2018) ;¥ 2E d Sy T B EH AU R & H AR R R T
BT — RAACHE AT i FETT 7RG
J5 PSS B AR S AL AR B H A B AR He R
JEURL AT >0 A6 it A ek it FH 129 , R R4 6 A
I3 R
222 FHARHG BT RGHFRERIL

BT ZHHARGHMEEA, HATC W H RNAI
PEFE 77 5 (Cui et al., 2018b) , NI fEMERESS B2 |
EAE YN A BREEAEY e A hiR (Jia
etal.,2018) , B Sk L MIVE A K & & IR ™
i (Gao et al.,2018) , KELR#EHA L™ it (Li et al.,
2018) ; B T i AL sh W AP IR A G P00 A5G
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K (Sarker et al., 2018) LA M Ak 24 4% 25 5 [A] B4 50F0
B REE B AR S 7 i (Wang et al., 2018) 5 %45 AR 5L
TR 2 SR AREOR , LR Ak 22 R 24 ek it
FH 15% , Ry iz FZAEY) 8 Ao r sk a8 S R4k
SOEL B R BE T A
223 FERBALHRESITL

DL EZOREAEY) AT EY) GBS AR R 4
RS i EN 4855 (2017) Al Zhou et al.(2018) 5
TRTIARME B H AW e RS AL AR, 7525
PSR S W AR Re A o W T B AR DA
B AR B — ARt B AR 5 15 ZE R4 (2018) £ Al 4
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PR Bt AE AU ; BT & WA RE sk 2580t FH 2 A, LA
K ATHLZE AR =5 20t FH B AR 578 e Ab it I e 4% 5
37T IRER Re LR A A R BRI R S i Uit AT
FR SR Rl 8, 120045 Lb > Bt N A AT sl i it
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FH 10% , P BRI R4 8 34 40 s, Horh ) Be Ak it
RERGR IR F N THREAE A 1075 LA 1o
224 HHHBREHHEEETL

HAr, DA #RIE T EHEESEAR AR
KA E RS HEOR CE R 4F,2017) M T H
A AWM 25 H2 AR (1% €5 ,2018) s = 1A%
ER S FEE T — BT8R Tl Ak 24 e 5t FH
R IARefbe # IR 7 ; g o7 R 1 Ak 24t FH A e b g
B R AR ZR I B R = 35506 248 A 5 S B H
8] B G 3RATF 2 hm/h, 5548 55 80 11 AR 509% B 1R]
s A 245 it 15% o
2.3 ERURSEE S

P IS AR, R AR TR
B R AN A 245 T R AR T ) iR K
o Hrh OREEY EEAFKAE NE oK B
L GUFAEYWLARIE GRS K CHRE R e
KA TR R £ o B EZLRILFEX Pt
TRIX AR BRI AT W B S 3
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