552 B4 4 1) i oo Vol.52, No.4
2025 47 H GEOLOGY IN CHINA Jul., 2025

doi: 10.12029/g¢20231017001

SR, TR, AR AR, ARG, BB, JAIJRFE. 2025, 5P BUILEHR £ NEFHBTSE BUR 5 R SR R BEI]. T EIHLRT, 52(4): 13131324,
Zhang Na, Shi Zeming, Zou Chengjie, Zhu Yinghai, Zhao Kai, Zhou Zhaoyu. 2025. Characteristics, current research status, and development
prospects of mineral fertilizers[J]. Geology in China, 52(4): 1313—1324(in Chinese with English abstract).

THRERER NAMRIEREZREREE

Kyl MEEWA, AN, REE, RE, ARW

(1. RARTE LK F ik 547 2AF 28, Wl RA 610059;2. W FHAE K )| 5 EF &5 LHEFE, vl R4 610059)

WE: (R BM] 7 WALEHY &I LR eV 2 05 i T E R TTlk, BB 38 F 5= LR = = i1, 2

H KRBT K (MR E] ARG EZ I YR T SR, £ 067 IR L N B R S

KERBEMATTIEH, 456 E NN PR3 28 B B3 RAB S | Aok ™= i A= 5 i R, 550 P RE AL X 24

B0 DA B R S R Sk o [ R G R ] ARZE R FZA LU R IR (DA LB 4328, DR AT S

BT ECHT AN (2) 3R A ARSI, LLT ] A B4 LAROAS 2 5 (3) 38 W AE AL X 155 Ay 5 g LA

I J BRI TR i et R R AR AR o (58] 3 BE e 7 W B 2 7= A K i R i AR M R 8k )75 e,

e R AL B ZE AR} 2 At A SR U, SRS R

X # O 0 IEL R IR Ll AR Al b ST A TR

Bl A AURGME T T YIRS T RS B £ B AR FIFESR, 7E e bE AU T R TG ARA A
M) 243 g AU e PR ARG, JT TS M E N I B T 8™ 4 R SRk v ) W 48 R R i) S
RIPRESHLE . WIHRALRIT & | Fo R A R SR AL B IR B AL AR XS RUBE 1Y)
IR VA BN, AR ST 7 10 5 7 Ml T T V8 i 2 B

FESYHES:S143 XEMREE: A XE4HS: 1000-3657(2025)04-1313-12

Characteristics, current research status, and development prospects of
mineral fertilizers
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Nuclear Technology in Geosciences, Chengdu 610059, Sichuan, China)

Abstract: This paper is the result of agricultural geological survey engineering.

[Objective] The discovery and application of mineral fertilizers have made significant contributions in many aspects, such as
providing nutrients to the soil to improve yields and meet the increasing demand for food. [Methods] This paper systematically
collects and organizes research findings on mineral fertilizers, discussing their characteristics, current research status, and future
development prospects. By combining the classification of mineral fertilizers both domestically and internationally, as well as their
applications in soil improvement and agricultural production, this paper explores the environmental impact of mineral fertilizers and

proposes improved fertilization techniques for environmental sustainability. [Results] This review primarily entails the following
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understandings: (1) Listing the classification of mineral fertilizers to provide the latest knowledge on their composition; (2)
Describing the current research status of mineral fertilizers to understand their importance and limitations; (3) Reducing the
environmental impact of mineral fertilizers and proposing improved fertilization techniques for environmental sustainability.
[Conclusions] Excessive use of mineral fertilizers can result in the production of pollutants that negatively impact environmental
sustainability. Therefore, when using mineral fertilizers, it is important to follow the principles of scientific fertilization and

implement precision fertilization.

Key words: mineral fertilizers; nitrogen, phosphorus, and potassium; soil improvement; agricultural production; agricultural
geological survey engineering

Highlights: The core innovation of this review lies in systematically establishing a multi-objective synergy framework for the
environmentally sustainable management of mineral fertilizers. Assessing the multi-dimensional benefits and trade-offs of improved
technology portfolios from a whole-chain perspective, and identifying optimal pathways. Prospectively identifying and elucidating
key transformative challenges and opportunities for sustainable development within the mineral fertilizer domain. These include the
development of emerging fertilizer materials, the deep integration of precision nutrient management systems with circular economy
models, and Nutrient balance management strategies at global/regional scales, providing a clear roadmap for future research
directions and industrial upgrading.
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Fig.1 The global usage of nitrogen, phosphorus, and potassium
fertilizers from 1961 to 2019 (Bijay and Sapkota, 2023)
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Fig.2 Schematic diagram illustrating soil acidification caused by the application of different nitrogen fertilizers in crop production
DAP-Diammonium phosphate; MAP—Monoammonium phosphate; AS—Ammonium sulfate; CAN—Calcium ammonium nitrate
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Fig.3 Sustainable development process diagram of the phosphorus supply chain (Gong et al., 2022)
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Fig.4 Proportion of N, P, and K fertilizer production in different regions of the world from 2000 to 2020
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