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Development and prospect on research and application
of micronutrient fertilizers in China
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Abstract: Lack of micronutrients in soil is very common in China. Continuous application of chemical fertilizers
in large quantity leads to accumulation of nitrogen and phosphorous in soils exaggerates the unbalance and
deficiency of micronutrients, in some areas, micronutrient deficiency even causes the mal-micronutrition of
human beings. Applying micronutrient fertilizers is an effective measure to alleviate micronutrient deficiencies of
crops. The large-scale and systematic research and application of micronutrient fertilizers in China began in the
1970s. Up to now, the micronutrient fertilizer products in China have gone through the development from merely
traditional inorganic salts to various types including chelating, slow/control-release, and nanoparticle micronutrient
fertilizers. And the application methods are continuously optimized with the innovation of micro-fertilizer
products. Micro-fertilizer has been promoted to almost all crop types. As of mid-April 2024, the 31 provincial-

level administrative regions in the mainland of China, except Xizang, have all recorded micronutrient water-
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soluble fertilizer products, Shandong and Henan provinces have the largest number of records, accounting for
29.7% and 26.2% of the records in whole country, respectively. The annual number of applied patents relating to
micronutrient fertilizers and preparation methods has rapidly increased since 2011, reaching a maximum of
67 pieces in 2016. However, the micronutrient fertilizers, including those containing micronutrients, that
registered and recorded in the Ministry of Agriculture and Rural Affairs of China are dominated by water-soluble
complex fertilizers in liquored and powdered dosages. In the actual production, quite a lot of local agricultural
technicians and users do not have enough and academic knowledge about the function and effect of micronutrients,
they distrust micronutrient fertilizers if without immediate and visible effect. The micronutrient fertilizer products
in the market are not selectable in dosages, and lack of specificity, impacting on the application and promotion of
micronutrient fertilizers. From the actual quo of China, more works should be done in very recent future, firstly is
to coordinate the comprehensive balance between micronutrients and macronutrients that is suitable for “region-
soil-crop” system; continuously innovate the product dosages and supporting application technologies required by
the trendy simple and less fertilization technology that is promoting across China; strengthen the popularization of
micronutrient knowledge and the necessaries of using micronutrients in the intensive crop production systems at
grassroots levels. In addition, more attention on the market supervision and product standard system of micro-
fertilizers still need paid. In one word, an integrated action on micronutrient fertilizer should be promoted
regrading to “production-academic research-marketing supervision-application” , for the healthy development of
China’s micronutrient fertilizer industry.

Key words: micronutrient fertilizer; fertilizer dosage; characteristics of product; efficiency enhancing carrier;

fertilizer supervision
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Table 1 Some monographs on micronutrient fertilizers published in China in the 1980s and 1990s

ARGy - ,
o LR /ISBN i (=
Publication .
Title of monograph / ISBN Press Author
year
1984 i STRALEHYNLIT / 16298-45 DU HRRABA i VU ARAOT LA A
Application of micronutrient fertilizers / 1629845 Sichuan Science and Soil and Fertilizer Department of Sichuan
Technology Press Provincial Department of Agriculture and
Animal Husbandry
1986 i TCRNLEMITS ST /16304114 WALRFEOR T R G R AR R
Research and application of micronutrient Hubei Science and Agriculture Bureau of the Ministry of
fertilizers / 16304-114 Technology Press Agriculture, Animal Husbandry and Fisheries
1986 FHPIMEILHRE IR SGHIIL / 16288-114 LRI AR AT IR
Plant microelement nutrition and fertilization / 16288-114  Liaoning Science and Zhang Zhijun
Technology Press
1987 fEICRMEMEHIEOAR / 7-80538-013-9 AR R R B, %%
Application technology for micronutrient fertilizers / Zhongyuan Nongmin Press  Cai Delong, ef al.
7-80538-013-9
1988 fHiTCRALEL / 7-5025-0183-5 AR Toll ik X #
Micronutrient fertilizer / 7-5025-0183-5 Chemical Industry Press Liu Zheng
1989 fiTTR SHUILHET / 7-109-01168-2 ARl i it ARIRAE
Microelements and micronutrient fertilizer application / Agriculture Press Zou Bangji
7-109-01168-2
1991 TR IR AY: / 7-109-01379-0 ARl i At XU, 45
Agricultural chemistry of microelements / 7-109-01379-0  Agriculture Press Liu Zheng, et al.
1992 WUEHEFHEEA / 7-80572-524-1 D At AR, BRAAR
Application technology for micronutrient fertilizers / Jinan Publishing House Zou Mingfu, Xu Congdong
7-80572-524-1
1992 FEMINCEE SRS UILHE / 7-5349-1100-1 TR RLEA R H A FRHE, 4F
Micronutrients of crops and application of micronutrient ~ Henan Science and Wu lJianguo, et al.
fertilizers / 7-5349-1100-1 Technology Press
1993 RWOETTRNUEHKIERS R / 7-5364-2562-7 OBk (PN
Function and application of micronutrient fertilizers / Sichuan Science and Chu Tianduo, et al.
7-5364-2562-7 Technology Press
1995 TR E IR SHALH] / 7-109-03720-7 AR ik X RE
Microelement nutrition and application of micronutrient ~ China Agriculture Press Liu Wuding
fertilizers / 7-109-03720-7
1999 RREITCEAEHEHOR / 7-80584-919-6 SRR AL DR, e

Application technology for micronutrient fertilizers /
7-80584-919-6

Guizhou Science and
Technology Press

Jiang Zhiyi, Huang Xiaoling

2 BRI AME ™ i H 15 2

20 tHad 70—80 AFEARIE], R FHUIE ™ M Wi 1] %
B, BRI BN, B A RIS AR
RITCHU S, A= Sl e sk ARl A
T A, AN . eI
TR MR R T U T R DL e R
R, HiFrEcReEE T, Sk
THERT S, R TR MRS R B IE W R A,
M, 7EEREHEE RO S ISR BT

RIGEBNT, & A RHIT R R AL R AT T R e
FE, I A R I B AL TR AR R

20 42 90 AFAALUR , BIE ™ ML T d & e,
A A AR R B AE R, 7 AR AR I
MR E, BAZILRSESRNR A, Halkrt
PERLBN, TEHARNKE, SR BT AT
£, WOEA P BAER™ . e TR AR 6 Bt
T, KR IR A YT IR 1 D o T R AR B
AT, WO TR AR . R B S R LA
BN, EERVKRZRBESH, WiFl M



1798 W) E SR 50 R 30 &
x2 EEWMERRENEEBARAR
Table 2 Fertilization methods and recommended dosage of micronutrient fertilizers in various crops
P " o X . A R .
M TE% O 4k +-4 27 AR NP =
. . . L Recommended dosage
Micronutrient ~ Product name Soil Crop Application method . Reference
/concentration
il SRR e i +- 4t 4.5~9.0 kg/hm? [59]
Boron Slow-release borax Boron deficient soil Rape Soil application
R T i Tl AL ] 478 9.0 kg/hm? [60]
Slow-release borax Boron deficient red soil Rape Seed fertilizer
iy B SR it it 12.2 kg/hm?+0.26% [61]
Borax Boron deficient yellow soil Flue-cured tobacco Soil and foliar application
e T JB +- 4t 15 g/plant [62]
Borax Boron deficient red soil Navel orange Soil application
BRI Nl k3 - T < 0.3% [63]
SOLUBOR Adequate boron Cotton Foliar application
LA I P T 5 0.15% [64]
Boric acid Apple Foliar application
B ZnSO, (S22 INE HERE 0.4% (4.8 kg/hm?) [65]
Zinc Low zinc dry land Wheat Foliar application
Zn-EDTA AR 4 INEE ok it Zn 4 mg/kg, soil [66]
Calcareous soil Wheat Potted soil application
ZnSO, 7R R HLIX. ESN et e 15 kg/hm? [67]
Southeast Liaoning area Maize Soil application
ZnSO, L N I 15~30 kg/hm’ [68]
Shajiang black soil Wheat Soil application
YK EE i+ 4 il I T M 200 mg/L [69]
Nano-Zn Greenhouse soil Tomato Foliar application
B FeSO, RR L AR ET S 0.3% [70]
Iron Reclamation soil Pyrus pyrifoliavar  Trunk injection
FeSO, AR KA R 2.0g/L [71]
Calcareous soil Ziziphus jujube Trunk injection
Fe-EDTA Eqa FHA BTl 0.36%, 500 mL [72]
Purplish soil Citrus Trunk injection
Fe-EDDHA AR N TG 0~9 kg/hm? [73]
Calcareous soil Soybean Soil application
AR SRA5 1 12| I T s 90 pmol/L [74]
Nano-Fe Chestnut soil Chinese angelica  Foliar application
B (NH,),MoO, IR 15 PN FFh 1~2 g/kg [75]
Molybdenum Low Mo soil Soybean Seed dressing
(NH,):M0O, AREH B £ P B A-HIB 0.1%+0.1% [76]
Low Mo yellow tidal soil ~ Peanut Seed soaking + spraying
(NH,);MoO, ([RaEE HRE FFh+IE 0.8 g/kg + 900 g/hm?  [77]
Low Mo clay loam Spring soybean Seed dressing + spraying
(NH,),M00, Lt 21 4 14 PR 2 g/kgi0.1% [78]
Mountain red soil Peanut Seed dressing or spraying 2 g/kg or 0.1%
(NH,);MoO, EJURH FEI TRt 0.1% [79]
Purplish soil Flue-cured tobacco Foliar application
(NH,),M00, i 14 FEh 1~15 g/kg [80]
Poor dry land Peanut Seed dressing
YRER Ak e - i 550 mg/L [81]
Nano-Mo Potting Rape Foliar application
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%3 2 Table 2 continued

P ; . . . HEAE vk -
(CEL3T S P4 B +45 (=7 AT 2 =2
. . K o Recommended dosage
Micronutrient ~ Product name Soil Crop Application method . Reference
/concentration
i MnSO, S T 2 g/plant [82]
Manganese Ziziphus jujube Trunk injection
MnSO, s HINE TS HE 0.2% [83]
Potting Spring wheat Foliar application
MnSO, Uit IKAE e 45 kg/hm? [84]
Sandy loam soil Rice Soil application
MnSO, -t BEXK +-3Ejit 15 kg/hm? [85]
Cinnamon soil Spring maize Soil application
MnSO, %t &N R | 45 kg/hm? [86]
Lou soil Winter wheat Soil application
MnSO, AR e T ECHE 0.1%~0.6% [87]
Potting Potato Foliar application
e CusO, IKFEL N AR 0.1% [88]
Copper Paddy soil Rice Dip in seedling roots
CuSO, KRG+ TG + 45t 7.5~15 kg/hm? [89]
Paddy soil Rice Soil application
CuSO, At Nz i 30 kg/hm? [90]
Stone sand soil Wheat Soil application
Cuso, RpUEL B S g 15~22.5 kg/hm? [91]
Light loam Maize Soil application
CuSo, Bt BN PR 2~3 g/kg [91]
Light loam Maize Seed dressing
CuSO, FrheeTige Pl R 0.1% [92]
Hilly red soil Peanut Seed soaking
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Inorganic micronutrient Chelated micronutrient Nano micronutrient Compound micronutrient

fertilizers fertilizers fertilizers fertilizer

Sulfates, chlorides, Natural chelating agents Nano iron/zinc oxide and Compound and water-soluble,

such as amino acids, slow/controlled-release soil conditioners and seed coatings

borates, molybdates, etc.

fertilizer containing trace elements

{

humic acids, etc.

{

FLH Early stage 21 42 LK Since the 21st century

BAHIE SRR FLABIE CHNGER 5
W BB 7 WO TER. £ B/ R B ] R 13
1 EDTA. DTPA 4 SR B 2 LA TR Al AR 2%

Chelated micronutrient Slow/controlled-release Other micronutrient fertilizers

fertilizers micronutrient fertilizers (epitaxial products)

Chemically synthesized chelating Polymer slow-release, biobased Such as rare earth, nucleic acids,

agents such as EDTA, DTPA, etc. adsorption, and coated and selenium fertilizers, etc.

E1 WMETRERFRELRRHE

Fig. 1 Development processes of micronutrient fertilizer forms
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Table 3 Numbers of newly registered water-soluble micronutrient fertilizers with different dosage forms since 2020

ARGy [ P47 i Domestic products AR i Overseas products

Year k3| Liquor  #3# Powder ik Granule  4:¥F Total K Liquor  #357 Powder ki Granule 423 Total
2020 3646 3402 1703 8751 140 83 46 269
2021 15986 13490 7261 36737 1129 970 603 2702
2022 10751 8517 4724 23992 1199 939 635 2773
2023 14710 12175 8774 35659 1870 1463 1033 4366
2024 4182 3456 1723 9361 605 512 355 1472

R R ARG T 20204 121 R, 20244F KR EA ] )
Note: The online application system of fertilizer product is opened in December 2020, and the data for 2024 is as of mid-April.
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Fig. 2 Number of annual applications for patents related to micronutrient fertilizers
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Note: The data for 2024 is as of the end of May.
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