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It is necessary to develop the slow and controlled release fertilizer continuously’

Z0U Guoyuan, CAO Bing, LI Lixia, XIAO Qiang, LI Jijin
(Beijing Engineering Technology Research Center for Slow/Controlled-release Fertilizer / Institute of Plant Nutrition, Resources and
Environment, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: The development of slow-release and controlled-release fertilizers is an important way to reduce fertilizer rates, improve
their use efficiency, and play an important role in supporting the sustainable development of modern agriculture. This paper reviewed
32 years of research in the fertilizer field at the Institute of Plant Nutrition, Resources, and Environment, Beijing Academy of Agricul-
tural and Forestry Sciences. The research process, team organization, product innovation, and fertilization service of different fertil-
izers from the laboratory to the field were introduced, and future research directions were analyzed and prospected. Since 1991, the
institute has been researching and developing slow-release and controlled-release fertilizers. In the initial stage (1991-1998), zeolite-
and resin-coated fertilizers were successively developed. During the rapid development stage (1999-2015), controlled-release fertil-
izer products gradually realized industrialization and drove the development of the industry. During the stable promotion period

* EZIARN I FEARE R (CARS-02-23), JLHt i RMBL 2 BERHIFRIHE 5 @ (PT2023-47), JURCTTRHESH 2 R 2 A 1RRE
(20220484204) FHLETHI AR BRI QIHTRE 11 2L BEE T (KICX20200418) BB
ARE DT, FEAFSEH AR AR S P ARV . E-mail: gyzou@]163.com
Wik H9I: 2023-01-19 3% H 1 2023-02-08

*  The study was supported by the China Agriculture Research System of China (CARS-02-23), Platform Construction of Beijing Academy of Agricul-
ture and Forestry Sciences (PT2023-47), the Cross-cooperation Project of Beijing Science and Technology New Star Program (20220484204), the Sci-
ence and Technology Innovation Capacity Construction Project of Beijing Academy of Agricultural and Forestry Sciences (KJCX20200418).

Corresponding author, ZOU Guoyuan, E-mail: gyzou@163.com
Received Jan. 19, 2023; accepted Feb. 8, 2023

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20230038
mailto:gyzou@163.com
mailto:gyzou@163.com
http://www.ecoagri.ac.cn

% 8 1 AR FE JC 5 B B ADRHIT & 7 B K ) 1221

(2016-), attention has been paid to bio-based coated controlled-release fertilizers, and considerable progress has been made. Zeolite-
coated urea is an inorganic fertilizer that uses natural zeolite as a coating agent. Their functional characteristics were investigated, and
a series of fertilizer formulations and application techniques were developed. Resin-coated fertilizers are prepared by spraying a layer
of semi-permeable or impermeable material onto the fertilizer surface to achieve a controlled release of nutrients. The production pro-
cess of the polyolefin resin is divided into three parts: dissolution of the coating material in the solvent, granule coating, and solvent
recovery. In 1998, the institute developed spouted-bed coating equipment with an annual output of 2000 t of resin-coated fertilizer.
Thermosetting resin-coated fertilizer is another major type for which the solvent-free in sifu reaction film-forming process is com-
monly used. A high-efficiency mixed spraying method with a self-cleaning function was proposed, and semiautomatic and continu-
ous automatic production was developed one after another. Simultaneously, nutrient release prediction technology and online rapid
detection technology were developed for controlled-release fertilizers, and a series of special formula fertilizers and their application
technologies were developed. The innovation of slow-release and controlled-release fertilizers has served the precise nutrient require-
ments of crops from the field to horticulture and promoted upgrading the fertilizer industry, reducing the fertilizer rate, enhancing fer-
tilizer use efficiency, and even controlling non-point source pollution. To meet the realistic need for agricultural development in the
future, it is still necessary to continuously study biodegradable coating materials for fertilizer products, the multi-stage continuously
controllable release of nutrients, innovative large-scale and continuous production processes, online rapid detection technologies for

product quality, and special multi-component and controlled-release functional fertilizers for crops.

Keywords: Slow-release fertilizer; Controlled-release fertilizer; Formulation; Rapid detection
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Table 1 Research projects related to resin coated controlled-release fertilizers
T KU A [a] Tt H 445k FRA
Project resource Time Project name Project director
TR EEARZ R ATH 1997—2000 oy il Gl e S XFATF
Project of Beijing Municipal Commission of Beijing pilot base of new long time effective fertilizer LIU Baocun
Science and Technology
e R AR Z A H 2000—2004 BRI 5 7l A pUESES
Project of Beijing Municipal Commission of Development and industrialization of new fertilizer LIU Baocun
Science and Technology
R K BRI R SRR (86314) 2001—2004 FREE SRR S 7 Ak TREKEA
National High-tech R&D Program of China Development and industrialization of environment-friendly fertilizer =~ XU Qiuming
(863 Program)
RO H 2001—2004 BRI R 5 7 A BRI
Key Project of the Ministry of Science and Technology Development and industrialization of new slow and XU Qiuming
controlled release fertilizer
e TR AR Z AT H 2005—2008 F R R RS AR S 25 5 P it
Project of Beijing Municipal Commission of Development and comprehensive evaluation of high-efficiency CAO Bing
Science and Technology controlled-release fertilizer
FERTTTRR R AR Z B 2T H 2005—2006 AR B AR BT & B 55 7R P{EX3
Project of Beijing Municipal Commission of Key technology research and development and service system LIU Baocun
Science and Technology construction of new fertilizer
FEnTHR RS R T H 2006—2009 BEUEL AR R R 8 X FEAF
Project of Beijing Municipal Commission of Construction of scientific and technological guarantee for LIU Baocun
Science and Technology industrialization of new fertilizer
P SE aapIRilE| 2006—2010 RN S RO AT 5 TREKH
National Key Technologies R&D Program of China Study on high efficiency fertilization technology of XU Qiuming
slow/controlled release fertilizer
FERTTHTRf AR AR Z B 2T H 2010—2013 @7 4 0F PR ALX SO AR BRI RE R THROBTSE. RN
Project of Beijing Municipal Commission of Study on the improvement of nitrogen loss resistance and control ability YANG
Science and Technology of protected vegetable fields by applying controlled-release fertilizer Jungang
under high yield conditions
LRI AR e H 2011—2013 FERNEEHER 3 10 F AR SR & RO R 52 AR TT
Project of Beijing Academy of Agricultural and Study on the coupling effect of water and fertilizer in the application of ZOU Guoyuan
Forestry Sciences controlled release fertilizer on vegetables
R SR S 2011—2015 SHIBPERENLE AR TS50 ] Wi
National Key Technologies R&D Program of China Improvement and application of S-type controlled release fertilizer CAO Bing
FHEHCR LB 2 TTH 2012—2014 B R — (AR i S R T it
Agricultural Transformation of Scientific and Pilot test and application demonstration of intelligent CAO Bing
Technological Achievements of China controlled release fertilizer
AR MAT AL (ORI T 2 8% 2013—2017 B RPERENC 1 A SRR S 2T
Special Fund for Agro-scientific Research in the Public Ecological and environmental effects and evaluation of single basal CAO Bing
Interest of China application on maize
Jeati AARRL ARG BT H 2013—2015 w7 A RN IR S I ST S L B g RN
Beijing Natural Science Foundation Coupling mechanism and regulation of nitrogen supply of controlled YANG
release fertilizer and common fertilizer under high yield conditions Jungang
ER AABA R HFH 2014—2016 = PR 5 BEHE TS TR IR G IR RS R R R IE T T K 0t H i
National Natural Science Foundation of China AT 7 XIAO Qiang
Study on nitrogen release characteristics and prediction model
construction of resin-coated controlled-release fertilizer under indoor
variable temperature and protected soil conditions
FenTHiR R R BT H 2016—2018 FEETER AN 755 G B P2 G BRI TE S RHORTE ElEEb
Project of Beijing Municipal Commission of Research and technological demonstration of key technologies for ~ ZOU Guoyuan

Science and Technology

prevention and control of urban agricultural non-point
source pollution in Beijing
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Table 2 Research projects related to in situ reaction film-forming controlled-release fertilizer

T k8 ] it H 24 FR EXEIN
Project source Time Project name Project director
EEEt Y e 2017—2020 YK & EIRGAER AL -5 R LS
National Key R&D Program of China Preparation and application of nano-composite coated slow-release CAO Bing
fertilizer
Jentir ARG B H 2020—2022 UG AL RN RS AT G UM IR (O FEFIDL Se e 2R
Beijing Natural Science Foundation P LI Lixia
Mechanism and performance regulation of POSS on straw-based resin
coating material for controlled release fertilizer
HK AARE RS EiH 2020—2023  fESABERT R R HITE R SE R A MR A A LR 5 PR I U
National Natural Science Foundation of China Mechanism and performance control of siloxane on starch-based LI Lixia
polyurethane coating material for controlled release urea
R A AR H 2014—2016 YA RIS AT SRS S 17 F B B R R LRI 5 RN
National Natural Science Foundation of China Preparation and mechanism research of coating material formed viain LI Lixia
situ polymerization under nano-confinement conditions
Aentl A ARLA TR S I H 2014—2016  FREALHI AT e SR EBR % (L BN RLR i 4 S MERETRHEHLIOFY. 2
Beijing Natural Science Foundation Preparation and performance regulation mechanism of biodegradable LI Lixia
polyurethane hybrid coating material for controlled-release fertilize
JeETH R ER R Z B 2T H 2013—2014  BRIBALAr TR0 SRR I ST R UL ) K F e PR RE R S i
Project of Beijing Municipal Commission of Science and Effect of spherical mesoporous molecular sieves on the film formation CAO Bing
Technology mechanism and controlled-release properties of polyurethane in situ
reaction
WALE R TIH 2019—2020 S S U R NIE s 4 RITH|
Project of Hebei Provincial Department of Science and Demonstration and promotion of in situ reaction film-forming WU Guangli
Technology controlled-release fertilizer
SRV agp 2017—2020 IR B ARMAER 2GR ARSI SR ARICF
National Key R&D Program of China Integration and demonstration of technology for reducing the YI Wenping
application of chemical fertilizers and pesticides and increasing the
efficiency of summer maize around Beijing and Tianjin
SRV gl 2017—2020 B R ARPRNERL L e MR R it FHH AR ZEN R
National Key R&D Program of China Formula optimization and application technology development of LI Lixia

controlled release fertilizer for summer maize
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Table 3 Introduction to main special zeolite-coated fertilizers for different crops

TR (A +
AL HiTTR)
Special fertilizer Nutrient content (N-P-
K+microelement) (%)

E5 it 45k R P 1%

Characteristics

Application amount and method

/NAZRE 8-11-6+Mn LT L, BT kS 750 kg-hm >, FE AL
Wheat fertilizer Wheat needs more P, so P content is high 750 kg-hm * for base fertilizer with N topdressing
i Him 9-6-10+Zn R BRI, 8RR RIBHE AL ) T 15 FLjiti750 kg-hm *, T8 AL
Maize fertilizer Ordinary type N content is low, suiting for N topdressing habit of 750 kg-hm * for base fertilizer, with N topdressing
farmers
—KH 16-5-10+Zn R, HARSE, FEIRIE, ARHEL —UHE750 kgthm
Once type N content is high with long-term effect; used as base 750 kg-hm * for base fertilizer without topdressing
fertilizer without topdressing
i 9-6-10+8i+Zn IKFETRE . B AL H1iti 750 kg'hm , 7B &L
Rice fertilizer Rice needs Si and Zn as base fertilizer 750 kg-hm * for base fertilizer with N topdressing
AN 6-7-12+B FBAE . REMR AT RN, B h R $£1i5750 kg'hm
Peanut fertilizer I, Pl e By Aol b, IR &G A S s 750 kg-hm ” for base fertilizer
KEAE 7-7-11+B N content is lower due to N fixation ability of peanut

Soybean fertilizer

and soybean to control their overgrowth. P content is

moderate to promote N uptake. K content is high

B3N 9-6-10+Mn+B
(Bl BTIBRS
Vegetable fertilizer
(except tomatoes and beans)
RRAE 10-10-10+

Fruit tree fertilizer Fe+tMn+B+Zn

BRI Mg BRI
Vegetables are sensitive to Mn and B

A Z A T R U, By Th s imaRh i
TR 750 kg-hm * for base fertilizer, with N topdressing

BLifE750kg hm *, Z2H0E T B AT
750 kg-hm ™ for base fertilizer with N topdressing
for most vegetables

FETi750 kg-hm >, 7538 AU

Fruit trees are sensitive to multiple microelements,

s0 4 microelements are added to fertilizer
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SR I B N Ak 7 R TR = 8 32 U B RK 43 1
SZR, PR, ARV SR S0 T, SR A AL Rt i
FEOT BRI S AN R A, A5 Bl o P 8 (N5 .
ARt At X 2 S 2 AR AR I AT AE, IR T [
AT A R AR R R ZE A ) A I R, O K
AN RV 00 W EURAIE, A B S RY F I 5 DL e, T &% i
TIE A AR SR T RIS R L R
42.1 FEOBRBITMEAR

TEEM K B A KIAN, 20— & WiRE .
K2 NI RV BE A5 2% A I A8 Ak . SR, SR04 J5 B RS AT et
LA R0 TR 25 0 T R R AR 8, 7 v i A 1
TR R IR B R AE, B 22 B IR RE (GB/T
23348—2009) Fl ¥ B HE KL (HG/T 4215—2011) 45
ANREPR R | VR A 4R R IT B R A AR AR
W SR REGHE . PR, o T R i R R R 45 B
Y SE T S A, HEAT R O I A B, B T R —
A it FH 8] 254 38 A 39 A i — AR ok
U R A ARk 35 0 A I ) R () B AR R [ A 5K
(1) F1 (2) 7 SRR DY LA S B BN R IR 50 B
JHCTI g A 104, [ P e v R T A - R B
RERBCREN RBOCR o B EE 7 2 BRI

PR E R M, REAS 45 o BN R AN RFEY) Y
Fleaiti .

N, =N, X

l—exp[—kxzn:tx]] x & x100 (1)

s=1

N,:A/

1+B><exp(—k><ZtS]]>< & x100 (2)
s=1

AP N R E BB, B8 %; N, WA R i
R, PRI Yo ke oA HE B TH A S0 3R B i
WRG A T 25 C IR E AL, 4 & R
ESH WED 1.0~12;4. B ASHL.
422 ETRAERGREERHEEENRAHAR

BIF 5 il 2k AR A [ et T 1 2 4F 2 il
TEAE R NERHE R FAE W s bl 22 A6 R FH R
Pl JER L, A T AN R e 2 57 o0 W
LA PR L I TT L, SR 3] T AR 37 73 9 22 S A 4%
B, S T AR AR B LB L B TR R AR
WHERUF (R 4). TEILEER L, §E TREEK, ZXE
Ko ZANE L KRG IE B MLAR, i T i
Jit 578 3R AT B 3 WS AR 0 1) e R R Ao FH ML AR o
TR T B BT AT BRI S IE A B A 7= Al

F4 FREMNTEERETRERES RERMR

Table 4 Formulas and application effects of main controlled release special fertilizers developed

S FOREALA L
iiﬁﬂ Bl Proportion of I AR
crop Release period (d) controlled release Application effect
N (%)
ok 60 30 A FORFALF AP 52.0~12.0D F 73 a5, 17712.2%; B KR ZALFI A5 5.86~11.39
Maize AN YA, 777.3%~12.0%, T 10%~20%, WK 100~200 em -+ AR 25 2U5% P A1
35.1%~56.6%
The N utilization rates increase by 2.0—12.0 and 5.86—11.39 percentage points, and yields
increase by 12.2% and 7.3%—12.0% for spring maize and summer maize, respectively. For
summer maize, the N application decreases by 10%—20%, and the residual NO, -N in 100—200
cm soil layer after harvest decreases by 35.1%—56.6%.
KN 60 40 LU N RUEA A R 8. 14 E 4, H9776.4%~11.4%

Winter wheat

IKFE 50~120 (RO FL (R 40~50
Rice Collocation of controlled
release fertilizers with
different release periods)

Under the same N application rate, the N utilization rate increases by 8.1 percentage points and

yield increases by 6.4%—11.4%.
IR20%A T, AARMRIER10.1~17.6 DH A

Under the 20% N reduction, the N utilization rate increases by 10.1—17.6 percentage points.

HiE 60 50 I 20%, ZAEAIIAEE R 115D T2k, H9776.1%, H ISR & 1IK8.8%
Cabbage Under the 20% N reduction, the N utilization rate increases by 11.5 percentage points, yield
increases by 6.1%, and the nitrate content in cabbage decreases by 8.8%.
2 70~130 (ZFHREHUYIACL 100 A 50%, FICHIFHFHAZ R 10,20 H 4354, NOy -Nk I AIFR E L I AL 3 7%~55%
Tomato Collocation of controlled Under the 50% N reduction, the N utilization rate increases by 10.2 percentage points, and the
release fertilizers with amount of NO; -N leaching and residue decreases by 37%—55% compared with conventional
different release periods) fertilization.
FiIN 50~70 100 IR A0%, ZUR AR 520,60 F 435, 77 i 3 0519.4%; RSS2 S FE(K39.2%
Melon Under the 40% N reduction, the N utilization rate increases by 20.6 percentage points, yield
increases by 19.4%, and the nitrate content in melon decreases by 39.2%.
FHH 35 67 WAS0% A T, B AR, FILFI SRS, RRREh & i o AR, MR R
Spring FEAE, WORJG T J2 H5620 em b)) A 1 BUH A A R
cabbage Under the 50% N reduction, the yield is not decreased, the N utilization rate increases, the

nitrate content decreases, the ammonia volatilization loss decreased, and no NO; -N

accumulation occurs in soil below 20 cm after harvest.
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Tk A A 7= Z2 b vk 4 BE AR B, 5 0 I T o
HEAT PR EHORE MR I . HE A R AR R (HG/T
4215—2011) FrAER IR . RS BEAIG, M A = iR
RN 7 1 R R B R 22 K DR L R HE A A
FIO T 75 A Al 2 T A R A R R R e B
], WF 58 I TF T 98 8 N e 7 2 DRl A 2 R
AL T H FIN 2 4 R AR 5 43t A R () 0
B, RNk . ST ALY, b HEAE DS
fif e T ERA DN 2 P R R R s IR R KR . SRR
R A R AME R, TR VS AL RE B IE . 48 X I
5 R B AR ZS 5 07 2, M T 7RG R BRI R,
ZHAHRCAfE s BE . W, 752 FI0E
A HEAT TR AR R DA S 300 AR, AT
80%. A 90% LA L, FIAEHA EE A E) 90% LA L.

5 ERE5RE

P RENERHA IR o BT AR 2 T P i S AR s
L ) 3y 285 B A4 — K, DAL A 4R v AR
R AL 7 R R IROL I ET S AL AT
R B 8 7 5 BT IR IR BT T B L S ATBA 32
AR RS R G827 1A AT IR AT, i T — B,
LTIV T Wb AT ELANE A | SR s I £ R N
R LR, FE R T BCE M A ™ T2 524,
W] T AR L G2 4 BT, e AH AR AL IR 55 FER I
W T RIVSCER, ARG T SRR A
ARG | T 5T G B4 TARRY T o B AR
SR AR Ml it R A 5 S ARl i R AR ) B ST OR,
I3 2 35 LA ) it R AR A AR 7 sUR AR R R L R
PLAR 22 OB oK, BIFE ARG 2 5 PR Bk, 2441
) it 6 LA T J7 4522 00K T BT AT 5T AR ™ i
LA RE A W T A . AEAHR 0 B 22 B B i 2 vl
P R SEAL A TR0 . ALRE™ bl ot A
PRI HAR . R 202 S R REIL R
MIIT R SR o 85 AR RTRHE 7 RRE 5 B Ak 25 1
PR AL S, FENERE™ i B9 PRI A - 5 TR BE
SRR ST, L MR A A i 55 R A3 T g
R R
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