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Abstract: Magnesium (Mg) is an essential mineral element for plants, playing critical roles in photosynthesis,
nutrient transport, stress responses, and nutrient use efficiency. However, the long-term ignorance of Mg fertilizers
in China's agricultural production has led to widespread soil Mg deficiency, which constrains crop yield, quality, and
the potential for further improvement in nutrient use efficiency. This study provides a comprehensive assessment of
soil exchangeable Mg status and Mg fertilizer use in China, based on integrated data from national surveys and field
experiments conducted by the National Mg Network. It also evaluates the effects of Mg fertilizers in improving crop
quality and nutrient use efficiency. In addition, it analyzes the national demand and usage of Mg fertilizers, thereby
advancing the understanding of the fundamental physiological functions and agronomic roles of Mg in crop
production. Survey results indicate that soil exchangeable Mg concentrations are generally higher in the northern
regions (average 271.7 mg-kg!) compared to the southern regions (174.6 mg-kg™!). The application of Mg fertilizers
remains below 9%, with application rates far below than crop requirements. Mechanistic studies demonstrate that
Mg directly participates in the light reactions of photosynthesis and carbon fixation, and regulates the circadian
rhythms of photosynthesis. It also promotes nitrogen uptake and assimilation through improved carbon allocation
and signaling pathways. Moreover, Mg exhibits multiple protective mechanisms under aluminum toxicity, salinity,
and high-temperature stress, and activates plant immune responses to enhance disease resistance. Field trials show
that appropriate Mg application can increase average crop yield by 14.6%. It also significantly improves the
nutritional and sensory quality of agricultural products while improving the efficiency of nitrogen, phosphorus, and
potassium fertilizer use. The estimated Mg fertilizer demand in China's agricultural production is 2.807 — 4.401
million tons (as MgO), yet the current application of Mg fertilizer is just 150 000 t. The insufficient development
and diversification of Mg fertilizer products remain a major bottleneck for the green development of Chinese
agriculture. In the future, it is necessary to strengthen the basic and applied research on plant Mg nutrition, expand
the production and supply chains of Mg fertilizers, and enhance policy support to promote large-scale adoption.
These efforts will contribute to higher yield, better quality, improved nutrient use efficiency, and the sustainable
development of Chinese agriculture.

Key words: Magnesium function; Improve crop product quality and nutrient use efficiency; Green development;

Magnesium fertilizer demand; Magnesium fertilizer products
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Fig. 1 Status of soil exchangeable magnesium concentration in China
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Tablel The input status of N, P, K, and Mg fertilizers in different crop planting systems in Chinall

A (EET. BRX) 7747 ¥ N & Nutrient input/(kg-hm?)
FE i 7R Yield/
Province (Municipality, {E¥) Crop )
Sample (thm?) N P,Os K,0 MgO"”
Autonomous region)
8% Fujian £ 430 56.3+20.9 1175.24535.4 909.3+312.5 971.0£297.9 67.5+30.2 (62%)
E3) 330 1.6+0.4 483.7+590.5 238.3+333.4 264.5+304.2 0
A 68 59.8+23.6 768.1+201.0 334.7+95.8 911.24321.9 0
"% Guangdong HiE 234 85.5+15.6 450.0+84.6 300.0+64.3 320.0+77.4 0
K 62 89.9+73.2 390.9+143.8 335.9490.7 372.1£104.7 10.3+5.4 (5%)
%7 Hainan W 290 56.1+36.4 1 103.0+544.3 707.3+292.7 979.0+410.5 23.2+17.8 (43%)
B 26 27.0£11.3 510.7+149.0 463.1£143.1 511.4+178.9 0
)1 Guizhou BRML 18 22.4%11.5 379.4+139.3 324.8+187.9 230.2+96.5 0
PY)Il Sichuan 47 126 27.8+11.2 654.1+335.9 372.1£275.6 554.2+298.6 0
L Hubei 3 92 2.4+0.8 389.7+108.9 542.3+197.6 242.3+89.4 0
YT.75 Jiangsu I 19 30.8+5.3 466.2+121.4 210.1£73.6 220.0+57.2 0
IKFE 41 9.1+1.8 300.3+98 .4 95.4+32.1 95.1+22.6 0
VL4 Jiangxi 5 # 128 31.2+14.1 315.7+114.5 200.3+114.4 323.7£98.9 0
WHL Zhejiang Fpt 558 0.9£0.5 520.8+637.5 361.2+353.1 209.24231.0 0
T8 Xinjiang k] 27 22.0+3.7 311.8+125.8 253.5+66.7 287.1£115.9 0
L JpIT Heilongjiang IKFE 179 6.1£2.2 156.4+67.1 66.3+34.2 93.1+40.4 0
111 %% Shandong & 71 115.5+31.9 1158.4+382.8 1181.2+455.4 1202.4+453.5 2.3+2.8 (42%)
F¥ Average® 561 406 456 3.1

A OFREAEIER P TPREER, 55 ABEIRHABERNR P 52 R P SEME S O PIENAREWENE R EECF4{E. Note: @ It denotes the average magnesium fertilizer application
rate among the households that applied magnesium fertilizer. The value in parentheses indicates the percentage of these households among the total surveyed; @This average represents the arithmetic mean of fertilizer application

rates across different crops.
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Fig. 2 Magnesium function in plants
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oh, 3 = R AL S AR 249,

T B d LAY (1) SR AR I K (R A R S Bk o SR, AL R AL B 52 BB AR B R BRI
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RO A R AR S G R, (R D) 2 R SRS S DA G, SECE A
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Ty EERIIBIUR R, AFEED R L H bk B S8 Bk Be A RRZE 7. 3k 2
Bz, gl HRE R IR M Bl A A B, 7309 40 mgkg ! AT 52 mg-kg ! KEL

IR ) 3 AT S PR B I 7 & A B, 0 )0 50~80 mg-kg! A1 81 mg-kg's PRI, Hisk.
TS ) T e R I A & BB s, 73008 102 mg-kg !y 125 mg-kg! F1 200~330 mg-kg"
Vo BRI, ARIE ARV EYR AT M B S B 5 oR 22 S AT 70 R PR AR U

R2 TRMEMEEM IR R FIRF S 2E

Table 2 Critical values of soil exchangeable magnesium concentration suitable for different crops

1E%) Il 5 RPN

Crop Critical Mg concentration /(mg-kg™) Reference
7K ## Rice 81 [48]
K. Soybean 50~80 [49]
3% Rapeseed 200~330 [50]
H 7 Sugarcane 52 [51]
AW Tea 40 [52]
B3 Vegetable 125 [51]
FA Orchard 102 [51]

2.3 KR SERESHEY 28950

IR E LI VE Y B R 5T AT I 20 4D 60 4FAC. RO ERIELIIE FITRE A
RIS A5 IR R, WA BEAE W AR AR . KGRI RIS ™ 20 thal 70 /R4, 4kigrg S5
el H 0K T AR R EE B HREIR S, RE SRR A: . e B B KRR EE e
(1) R S %1, 90 AEAR LK, BEEEMIREGE S, EVr- 8. mikEE & K=EH
DL AR FRAEAE B b, RAEPIEESEIR H 238 I eE, BRI~ Rk B, RHEEL
T R PE 33 [X T SRR K54, Wang 26541 1990 4F LR AZER A TF R K 1) 99 F3 H[H]
W SCRR PR RN, AP it BEAE T 3438 7= 8.5%, HhrrmtE 3% (pH<6.5) FI™E 5k
BRI Rtk BE<60 mgkg) ERIFRURTE AR, 40k 11.3%M 9.4%, B3 T8
o8 18 B 4.9%. 2016 SELLK, EEEMEME 103 AN 5U/4E I H RS S5 Rt — Ik
B, & Bt nl VYT A 14.6%, ANFEVEVIRIEPIREARR (£3) .

%3 HERAERERETRXEREIEY Lag R

Table 3 Effects of magnesium fertilizer application on yield increases of different crops in different provinces in China

7B Yield/(t-hm2) 7= 2
e AR o QIR e Yield

Crop Sample Optimize NPK Optimize NPK application increase

application +Mg rate/%
4[5 Rapeseed across China 1 2.1320.57b 257+2.57a 20.37
1T /KHE Liaoning rice 12 11.03+1.41a 11.93+1.56a 8.16
BT K F Heilongjiang soybean 10 2.63+0.64a 2.90+0.71a 9.94
VY)14iH Sichuan citrus 3 45.29+9.56b 57.07+12.59a 26.00
YL PB4 Jiangxi navel orange 4 32.2843.61b 42.70+9.32a 32.25
FEEEEHH Fujian bell pepper 2 57.99+2.82b 61.76+2.16a 6.49
RS B Fujian oolong tea 16 4.95+0.46b 5.89+0.47a 18.95
2 2 Fujian pomelo 13 49.57+12.96b 55.98+15.87a 12.94
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57 % % Hainan pineapple 8 73.55+0.73b 79.98+2.30a 8.74

15 5 B Hainan chili 3 36.58+1.53b 39.66+3.75a 8.39
MM Guizhou chili 2 36.28+0.94b 39.58+1.06a 9.09

J" -4 JK Guangdong winter melon 5 79.82+3.05b 94.39+6.46a 18.25
"% H 7% Guangdong sugarcane 14 96.05+13.30b 105.79+14.19a 10.15

e AT NG A RER R RN AR 2 )= 4 72 57 3%, P<0.05. Note: Different lowercase indicate that the mean crop
yields between different fertilization modes are significantly different at 0.05 level.
2.4 HE R SEREIHMEY M RAIR M

it FH B AEAMY B 2 P m A E W= &, IR RE s A7 i I i i o VR R RE AR ) 22 P AR EAR
W AR A OCER IR T R, BRidad s Aok A A AR B S A ORI R AR AR AR SR S I
7y BEEAR P IVE IR B BRI TS (R 4) o AERLE, FORAFRIH
EASERE 6%~15.3%, MIEHSEEIN 1.1%~1.5%, A& 2834 0.19%~11.3%[58,
PEAk, MEEEAMUER = TN R (R S, RS GE T R, T I LR A
IR B,

ek b, TEEE AR L R TR S EIRTT 35.4%~40.9%, SEEHEY g N
36.1%~53.2%, PR IR & BT 47.1%~48.50%I00, ix seAbqh i R T T SRS s FR (Al
AT 0T RRAEYD, a8k o 2 P I N 13.8%, B JTCEE 2155 10.5%00%; il fdi 4K
RELEAWEIR, SRR SE R AR 2 4 i s 02, RS- Y, SRt (e gt
MR AR R, AMUEM F RIUEIR G 5, EFRK T MR R, St e
At A S bR e,

3= 4 MR R A RS BRI E

Table 4 The influence of magnesium fertilizer application on the quality of different crops

1EW) il St Jita A 77 2% O ] SR
Crop Fertilizer type Application mode Quality response References
Tk Corn MgCl, 35t PREFFROEE A HUE . RARDT & & [58]
/NZE Wheat MgSO, 35t & IR OB o TR 79 R [59]
R AR . MENIR N AGR  R
F#i Tomato MgSO, 5 52%7] RELE. BRHY PRAAIFLR [60]
o
#JK Cucumber MgO 35t WA, FRE [61]
ESIN .
- MegSO, EEE BOMESEER R, s [62]
Winter melon
3¢ Leafy s R RS, SCEM R
. - Aiuu
vegetable MgO- MgSO: A PGSR #h A B [63]
. s WngEd: 2 ¢ ] b E RS R
. - Aiuu -
M4 Citrus MgO. MgSO, g AT B [64-65]
%l Pomelo MgSO, 35t P2 SR SO R L [66]
i %] Grape MgSO, V- T it DI e [67]
#¥H§ Bayberry MgO 35t HngEd 2 ¢ FinliE RS & [68]
1 SEREAR . ATV ENEFRERR L,
S5 Apple MgSO, A %ﬁi%i‘ﬁ WAE . TS HERERIRRR L, 22 [69]
e e PRt AR . MR AN A 2 By S I
Zm piid ,70-
HM Tea MgSO, 35 H BRI, BOZET T [54,70-72]
JHEL Tobacco MgSO, T T V5% Pem EAELLG), BEME, B [73]
#3% Rapeseed MgSO, + 3t FR R RL i [74]
K& Soybean MgSO, 33 A Ry [75]

FEARR L, RIS, A R SE P 4EA R C AR ATk

HERDERA, F

TR RE BRI L AR, ANTAT s 17 10 R I64-691 . i P B8 A [ A o e Aty SR SRR B I 25 i v 81,

PRI RK R TT T, Tt 56 AT A5 480 46 SR s v (0 Rk
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YRR C SR 15.5%, ]V PERE T4 S 9.9%I08, BEtd i s A EH . BA
RPFIEHF R AR BERE VEROBMNE. APNFIE . FTEERE S SR, S
TR,

WEEE G, ZRm i b R R R S AR R 5.9%, WINHERSAE I 9.29%054, #v A¢H- Fh bk K]
SRS &/, M35 B8 4517 RO, itk th e E 42 T 2 - i S R 1 5
(7%~88%, V33 55%) , B A5 M E FORANF BV, (EMHEAEY) b, SRR E 45 HH
FI 4 = 13.2%, S BRI RR R I R A <00 15 21 B S O 7). FESORMEY 7 T, T B (S =5
B ZESE = 0.19%~0.86%, A K& 5l &3 N 3.35%, XKLL B 248 T+ 7RI T
UIRIERIEZY & EritalR

3 SBECRH A 5 N T

3.1 REIRWAE=REREREGE

2 [E S TR FUUME N R AR (ARS8 45 SRR B, JKAE. e, HE . Rl BRSEFIAR
el ()8 A 7 FH 40 il 2 34.3 45 59.3. 77, 100~150. 85~250 kg-hm2-a-! (2L MgO i) .
AHRARE N Bk RGN SR B AR F & 707l 2 25~35. 19.3. 50~100. A1 75
kg-hm?2-a's WRIEFRERFEED XA HIESHMESES BB, IRt plfn
BERENL, VAR RIVEMIR I BEREHERE R &, G5 B arFRE ROl A = e BRI R SR B &
N 280.7 77 ~440.1 it (BLMgOit) (F5) o FilRfESEMRIE P E HuEE 3 X e
AR EERE I 75 SR E A Y o T AR A [ B TE FRAE TE VMUE I BRI SN W R R, 7R TR ] IR
BB B R SRS BRI b, SRR A = 5
WSO, A e X e HE A i BE A, DA R B I 7 4R I B ) rT e i R e — D A
AT LLE E, FRERO A = R BEAE SERR 77 R & — 2 3 .

xRS EEXTEREMSENZRERETN

Table 5 Predicted magnesium fertilizer annual demand for major crops in China

TR et = ek L BT PR Sk
1ED) Planting area Recommended Prqportion o'f Magnesium Demand fOl" .magnesium
Crop (10* h?) dosage/ magnesium deficiency deficiency area fertilizer

(MgO kg-hm?-a™") /% (10* hm?) (MgO 10*t-a™")
7K # Rice 2992 34.3 418 1250 42.89
/N Wheat 2257 25~3576] 17.0 384.5 9.61~13.46
T2k Corn 4332 19.3077] 132 572.0 11.04
KE Soybean 841.6 50~100[7! 10.3 86.24 431~8.62
442 Potato 733.4 750781 427 312.8 23.46
V=% Rapeseed 699.1 45 53.0 370.7 16.68
‘HJ# Sugarcane 131.6 59.3 53.5 70.41 4.18
HH Tea 330.8 77 326 107.8 8.20
#3K Vegetable 2199 100~150 50.5 1110 111.0~166.5
BB Orchard 1281 85~250 453 580.2 49.32~145.1
A1 Sum 15798 / 30.7 4845 280.7~440.1

VE: RIPBEEHER R 8RS ARSI, MRS HOok B AR SEE R AMER, —FAAEmriEE 2
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—RPPIE AR TGRSR R W K RS 2, 25 I8 B R E MR AR B 22 S EOR, BRI RE HEREVE I
WEAh, 51 SCRRH R N2 AN R GAHER B 45 12 — M HEFEVE . Note: In the table, recommended Mg fertilizer rates are from
references [76-78], the remaining values are sourced from the National Magnesium Network. While a single crop's recommended
application rate is usually given as an average value, a range is provided for multi-crop systems like vegetables and orchards, given
the substantial variation among species. Notably, the recommended rates for wheat and soybean in the cited literature are also
presented as ranges.
32 REHFRNDSHSHEE

WEBETHRFE, AR IR GBI (GR6) o iR, T
B AN ERIA K o K AR R, MR SEIL AR o BRI SR80 /K B B, TS
BRI TR B PR E X, CIRMBEREE 62914 t, IRARIR 51414 t, F2I)
AAEIR)Z B /K Pl SRR B R AR BR B AN AL B 70 0N 15.8 42 t 1 38.8 42 181, JHr
RIRMEEEWITRBR B 5 1 74.1%, SURITERISLBRAE R 5 64.3%. HAT, Hilghbinses
PREEM TR BB EILEE, BEBN A T 2L i e . BB iR ey,
FHEERI A O 7 AR BUC AR FT o b, LT IZ 30 M7 58 25 A1 Y ) 0 7 %
WP R EE 2. B E RS, LR DmaE, AR T, &
EAP R RIR A, 2019 )5 Ie iR Ehas i iR TV AR . M A U AR
EHAT BN, BRER R EOVRRIE, BUABIRAION T, (HBAA e MBI R,

U R RE FERGEY R, MEEE. CEVREEILD] 40.7 12 (84, FBAhLE
I AR, VR RTRAEM, I0 T G E LR R 90% L B JRER A EREEEEY R
KERKIESR, FIFREL 1800 /7t HEREER 69%. ZLEFAEEMTHhE.
T EEAEEATARER, AN B S AR R BT R AR AL T LA R r S A . B st
N —MEERSEET 4, JEAMELT Wb TR, SRR R X 200 12
t, R TASMEMITIL, A ERTRL AR H SRR KB 3R i O R
Bt L A 8788, /b B T BERRAS IR B it AR AR

®o TERKRNHSHE

Table 6 Distribution and reserves of magnesium resources in China

At ST X 45k By Bt SR
Resources type Distribution region Composition and reserves Reference
N3 AR SEIRAR M TiEREE 15.8 121, A ALHE 38814t [80]
Lake and sea . .
CR iRl TRIREE 58.7 141, & ALEE58.6 14t [83]
resources
ey WA, T BroE. WdbsE SEEEDT 40.7 14t [84]
WA B WG e FEL HAR MR LT . i
Mineral " H A 200 12 t [87]
resources .
U 7 N 37 T i JKBEF 2500 75t [88]

3.3 HEEHFANE IR

BEAE B SR B S Bee OB AR BRABEAE . LOKER R BE AN TO K IR IR BE5E, 1X L™ i mf
DL E 20t FH B N BRI Tk o RV 3R 2 A Bk B A A 7= Y B [ 5K, (EAR Y i k4t
THE#E (http://stats.customs.gov.en/) , FREA = (UBREREE 2 LR R . BRI ARG L9
SHIX, 2024 R DTEZ08 118 3 t (L&D , FAEH TIRE LM A = B RS =R D .
FRYE AR ERAT AR, 2024 FFIE SRS BERL S EL 13 75 t (& MgO) , it
T8 A B 2 R AR = SRR SR (R T .

® 72024 FHERMZEEAE

Table 7 Magnesium fertilizers use in Chinese agriculture (2024)

BEEFPS $it Quantity #E% i Magnesium Y4l & Purity Jite FH 5 2%
Types of magnesium fertilizer (10%t) concentration conversion amount Usage method
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1% (MgO) (104t Mg0)
— /KRS Magnesium sulfate
ABRZEX Mag 3 27 0.81 P
monohydrate
LK B EREE Magnesium sulfate
ABRZER Mag 10 15 15 P
heptahydrate
JEK R EE Anhydrous 10 32 32 VBN ERHR N T /K A
magnesium sulfate ' & e e
fiti#%: Magnesium nitrate 10 15 15 B
%4k Magnesium oxide 2 80 16 VE R B4R E R
T B2 B A AL BT EE Magnesium
potassium sulfate/magnesium 20 8 16 Bt T R
potassium chloride
EEEE A Magnesium-
- @%E A Mag - 200 1 2 I
containing compound fertilizer
B [ Magnesium-
- %ﬁm ! nestur 3 15 0.045 Bt A
containing organic fertilizer
FHEEREAE Calcium magnesium
PR nag 10 8 0.8 BB
phosphate fertilizer
15 & Total amount 258 13.1 —

3.4 ENSHNESFERZRM

AL AR E EE AR A 2 —, (RIEE SRR 2015 4E1 36%3E 5
2023 FEM 48%. R, EAMPBERINEZIEA L. TR, FREEE AL s ne:
REEWIES, ES5EAMAL, FE S BEMR SAR IR0l JTaEkR, R AT
(P ERRE AR o & B i R I — B s, i 2020 4F 5 H, B EITERKE
AEFE 3462 Fh, HA S AN 186 A, A7 EUAR 5.4%. IXEEHRER, REAEKETRIER
HHEE RIS I 7 B B AN 2 10T,

UbAh, FRIE AR B P S I AR A T E BR K B AR TG R IR B 38 7
BN 2.4%MgO, HAEANFZEAY (BRI AR ED I BERE = fh e, B0 2 B 22 e AN K0,
(B [ P9 R (e A R, A IR PP (9 B K 22 SRR T ™ P (1 BE R 43, AMIRBE N N
FAST > o i A MR AR R AN vk FE ol S I AL P I 7R R, B VR I &5 T 20K i rh B
HEKE 1.0% MgO LA RO, o756 52 IR 7= i r (1086 1 i M i A1

] P A0 TR AN B (1 22 e 2 A T 7 TR D, — R R 5 I 3 B D e R P
BCJ7 N, BNINBE AR BN R A . AN INBE M B R B P U B 0 S . R0, K
DA I3 9 STABE, Az Aol Ay B 2 7 BRI U A 55 2 U7 T 5 e I e TR o 11 I A A9
AEREZ 5 ) NPK S T2 & B A%, X OABEM IRt T 2 s8], 5 — i /R 2
i LIS BB FRL R I T2 . EAEE SRR BB (W Mg=1%) , WEEE R
(BRI . RAR— /KRR BE R T K IR IR BERENS | V2 N T R A IEAE R, Mi-L/KmiiRE T
TGRSR, Nt 22 i R RERS I A AR R e e A ORI R, BN A 7 R A
35 HEBRHEAMRIGELERNEEE N

bEE 5 R AN RAE TS K 13 s, SRR A = g T o i R, RITECRRRAR 1E
Y7 B [F) B B AR o, DRFR AR S IRE 22 4, SREILROD AR 77 H B R FE Y ) S (1R
BARNEAR . BRI S A SR 0 R R I B8 . B ZHFE I L AR, i
Tt P A LR A OO REE— D3 M B P~ 5, 2 51 AR 77 b i R B D0 TS
AR = SR HE SR EE 0 . RO U R AL I & i RN AN FE P A e &, RIEFR 2 1)
ST, A T R AR AR R FE I SRR o B A L 2 AR X B 1) 1) A 24 5
SRR XS VR = SR R T L R . bhAh, 78R fEEE AR 8 0 2 3R IR R,
U8/ B TR AR ARG AT A TS HE G, A A s i R A S A AR AR FH AN T 20
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AT E A A A F RO BRAE LLER BRI N =, o5 70% /540, T & B K E e R LR ER
BREESESLED . FRGEEESEERNEICR. EAILEEUESERFZER e,
PASE PRHESIBRALAE A B R, IR0 A P it FH BRI ) AR A T o 3B A B A A 7 i i
R IGHE R T Bt TEHA . T Ve FBUR SR 5 TS0 X5 ) e — e e
Esgm TBRAEROHE T R, RIS R ERHEC T ARRBRIE AR TR HESD AT ML AR E
1l & LA SIS B S RERAR BRSO RE S T i v ARV AR 7= R 28 2 AT AT R o

F AT E A 88 I R 7T L BRARAT Wb A e SRt P &5 5 T USRS HR D B A A2
RRASF RS SR R ORI o ROR, — U7 TH SRR N N B FR AL AR ST AN, st B
EFRINGER TV TR B RIAIN ., LI RSB, BT . SR, Bt
Wi RIEAE AN RIS B BT ALBRAE S L BEEAEYD-Bh - AR T A o
BN KA RAFEIT FEIR AN R G S S EORIT 7T 18 B BRI, NRERE 2 e
R SRR AR M A, (IR E Oy I e BREEE SR QB m . Sy —Ti i, MRS R
EEen Bt E S oA BRI, AR P i AN IR EE A ROR L B R A, 2 48— 1 KB
i, ISR WLE B, HESHERAL BRI G, o1 S @ s “ R )T — ik &,
B AN GANHEERITEUE, B VOSBRI &8 FIE WA . A2 In AL AT
PG T IFBGCRE, WOR RSP TTARARE, I PRSEIeHr = S S5 R o [RI, ZEBEBEIR
F 5 I XA R XA I TS Mk e, EEDIR SRS AR, T S B NTel/ 265 Rk
rEigk 25 TAMIEOUEE, S B 2 ML EE P R QR . BEAh, RIS XA BE L HI AR
A, JFE AR E TR GCE TN AR EMIEBUR, ) ¥ TRt e 5 8 0 W wh BT
BEAt R S B WIS 81 L, HEShBEE R Rh ¥ RN BRAE It P B R, 57
WARLRVEX, S EORIRSS N, VBRIE R S SRR . Bz, fEARLAE P P {RIE 7
JERERNEHEN, A7 Bh T4 THED - A BT, R RN AR, ek i, et
ANV 3 0 BRI s 26 7 R 5507 T A B RSN E

SEZ Ak (References)
[1] Chen X H, Wang Z, Muneer M A, et al. Short planks in the crop nutrient barrel theory of China are changing: Evidence from

15 crops in 13 provinces[J]. Food and Energy Security, 2023, 12(1): e389.

[2] Hermans C, Conn S J, Chen J G, et al. An update on magnesium homeostasis mechanisms in plants[J]. Metallomics, 2013, 5(9):
1170-1183.

[3] Chen Z C, Peng W T, Li J, et al. Functional dissection and transport mechanism of magnesium in plants[J]. Seminars in Cell &
Developmental Biology, 2018, 74: 142-152.

[4] Farhat N, Elkhouni A, Zorrig W, et al. Effects of magnesium deficiency on photosynthesis and carbohydrate partitioning[J].
Acta Physiologiae Plantarum, 2016, 38(6): 145.

[5] Shaul O. Magnesium transport and function in plants: The tip of the iceberg[J]. Biometals, 2002, 15(3): 307-321.

[6] Guo W L, Nazim H, Liang Z S, et al. Magnesium deficiency in plants: An urgent problem[J]. The Crop Journal, 2016, 4(2): 83-
91.

[7] Faust F, Schubert S. Protein synthesis is the most sensitive process when potassium is substituted by sodium in the nutrition of
sugar beet (Beta vulgaris)[J]. Plant Physiology and Biochemistry, 2016, 107: 237-247.

[8] Trankner M, Jékli B, Tavakol E, et al. Magnesium deficiency decreases biomass water-use efficiency and increases leaf water-
use efficiency and oxidative stress in barley plants[J]. Plant and Soil, 2016, 406(1): 409-423.

[9] Li J, Yokosho K, Liu S, et al. Diel magnesium fluctuations in chloroplasts contribute to photosynthesis in rice[J]. Nature Plants,
2020, 6(7): 848-859.

[10] Jamali Jaghdani S, Jahns P, Trankner M. Mg deficiency induces photo-oxidative stress primarily by limiting CO, assimilation

and not by limiting photosynthetic light utilization[J]. Plant Science, 2021, 302: 110751.

http://pedologica.issas.ac.cn



+ B

Acta Pedologica Sinica
[11] Drummond R S M, Tutone A, Li Y C, et al. A putative magnesium transporter AMRS2-11 is localized to the plant chloroplast
envelope membrane system[J]. Plant Science, 2006, 170(1): 78-89.
[12] Li HY, Liu C, Zhou L N, et al. Molecular and functional characterization of the magnesium transporter gene ZmMGT12 in
maize[J]. Gene, 2018, 665: 167-173.
[13] Wang Y J, Hua X T, XuJ S, et al. Comparative genomics revealed the gene evolution and functional divergence of magnesium
transporter families in Saccharum[J]. BMC Genomics, 2019, 20(1): 83.
[14] Grzebisz W. Crop response to magnesium fertilization as affected by nitrogen supply[J]. Plant and Soil, 2013, 368(1): 23-39.
[15] Grzebisz W, Przygocka-Cyna K, Diatta J B, et al. Magnesium as a nutritional tool of nitrogen efficient management - plant
production and environment[J]. Journal of Elementology, 2010, 15(4): 771-788.
[16] Verbruggen N, Hermans C. Physiological and molecular responses to magnesium nutritional imbalance in plants[J]. Plant and
Soil, 2013, 368(1): 87-99.
[17] Peng W T, Qi W L, Nie M M, et al. Magnesium supports nitrogen uptake through regulating NRT2.1/2.2 in soybean[J]. Plant
and Soil, 2020, 457(1): 97-111.
[18] Zhang Q F, Shi Y T, Hu H, et al. Magnesium promotes tea plant growth via enhanced glutamine synthetase-mediated nitrogen
assimilation[J]. Plant Physiology, 2023, 192(2): 1321-1337.
[19] Peng Y Y, Liao L L, Liu S, et al. Magnesium deficiency triggers SGR-mediated chlorophyll degradation for magnesium
remobilization[J]. Plant Physiology, 2019, 181(1): 262-275.
[20] Cao H R, Peng W T, Nie M M, et al. Carbon-nitrogen trading in symbiotic nodules depends on magnesium import[J]. Current
Biology, 2022, 32(20): 4337-4349.¢5.
[21] Bose J, Babourina O, Rengel Z. Role of magnesium in alleviation of aluminium toxicity in plants[J]. Journal of Experimental
Botany, 2011, 62(7): 2251-2264.
[22] Yang J L, YouJ F, Li Y'Y, et al. Magnesium enhances aluminum-induced citrate secretion in rice bean roots (Vigna umbellata)
by restoring plasma membrane H+-ATPase activity[J]. Plant and Cell Physiology, 2007, 48(1): 66-73.
[23] Chen Q, Kan Q, Wang P, et al. Phosphorylation and interaction with the 14-3-3 protein of the plasma membrane H*-ATPase
are involved in the regulation of magnesium-mediated increases in aluminum-induced citrate exudation in broad bean (Vicia faba
L.)[J]. Plant and Cell Physiology, 2015, 56(6): 1144-1153.
[24] Chen Z C, Yamaji N, Motoyama R, et al. Up-regulation of a magnesium transporter gene OsMGT1 is required for conferring
aluminum tolerance in rice[J]. Plant Physiology, 2012, 159(4): 1624-1633.
[25] Bose J, Babourina O, Shabala S, et al. Low-pH and aluminum resistance in Arabidopsis correlates with high cytosolic
magnesium content and increased magnesium uptake by plant roots[J]. Plant and Cell Physiology, 2013, 54(7): 1093-1104.
[26] Li HY, Du H M, Huang K F, et al. Identification, and functional and expression analyses of the CorA/MRS2/MGT-type
magnesium transporter family in maize[J]. Plant and Cell Physiology, 2016, 57(6): 1153-1168.
[27] Chen Z C, Ma J F. Magnesium transporters and their role in Al tolerance in plants[J]. Plant and Soil, 2013, 368(1): 51-56.
[28] Chen Z C, Yamaji N, Horie T, et al. A magnesium transporter OsMGT1 plays a critical role in salt tolerance in rice[J]. Plant
Physiology, 2017, 174(3): 1837-1849.
[29] Siddiqui M H, Alamri S A, Al-Khaishany M Y'Y, et al. Mitigation of adverse effects of heat stress on Vicia faba by exogenous
application of magnesium[J]. Saudi Journal of Biological Sciences, 2018, 25(7): 1393-1401.
[30] Boaretto R M, Hippler F W R, Ferreira G A, et al. The possible role of extra magnesium and nitrogen supply to alleviate stress
caused by high irradiation and temperature in lemon trees[J]. Plant and Soil, 2020, 457(1): 57-70.
[31] Carmo-Silva E, Scales J C, Madgwick P J, et al. Optimizing Rubisco and its regulation for greater resource use efficiency[J].
Plant, Cell & Environment, 2015, 38(9): 1817-1832.
[32] Hazra S, Henderson J N, Liles K, et al. Regulation of ribulose-1, 5-bisphosphate carboxylase/oxygenase (rubisco) activase:
Product inhibition, cooperativity, and magnesium activation[J]. The Journal of Biological Chemistry, 2015, 290(40): 24222-24236.

[33] Mengutay M, Ceylan Y, Kutman U B, et al. Adequate magnesium nutrition mitigates adverse effects of heat stress on maize

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

and wheat[J]. Plant and Soil, 2013, 368(1): 57-72.
[34] da Silva D M, de Souza K R D, Vilas Boas LV, et al. The effect of magnesium nutrition on the antioxidant response of coffee
seedlings under heat stress[J]. Scientia Horticulturae, 2017, 224: 115-125.
[35] Ota M, Imada K, Sasaki K, et al. MgO-induced defence against bacterial wilt disease in Arabidopsis thaliana[J]. Plant
Pathology, 2019, 68(2): 323-333.
[36] Fujikawa I, Takehara Y, Ota M, et al. Magnesium oxide induces immunity against Fusarium wilt by triggering the jasmonic
acid signaling pathway in tomato[J]. Journal of Biotechnology, 2021, 325: 100-108.
[37] Zeng W Z, Zhang Y J, Tian X Y, et al. Increased cytoplasmic Mg®" level contributes to rice salicylic acid accumulation and
broad-spectrum resistance[J]. Plant Physiology, 2024, 195(4): 2515-2519.
[38] O’Leary B M, Neale H C, Geilfus C M, et al. Early changes in apoplast composition associated with defence and disease in
interactions between Phaseolus vulgaris and the halo blight pathogen Pseudomonas syringae Pv. phaseolicola[J]. Plant, Cell &
Environment, 2016, 39(10): 2172-2184.
[39] Reza M H, Shah H, Manjrekar J, et al. Magnesium uptake by CorA transporters is essential for growth, development and
infection in the rice blast fungus Magnaporthe oryzae[J]. PLoS One, 2016, 11(7): e0159244.
[40] Gebert M, Meschenmoser K, Svidova S, et al. A root-expressed magnesium transporter of the MRS2/MGT gene family in
Arabidopsis thaliana allows for growth in low-Mg?" environments[J]. The Plant Cell, 2009, 21(12): 4018-4030.
[41] Li HY, Wang N, Ding J Z, et al. The maize CorA/MRS2/MGT-type Mg transporter, ZmMGT10, responses to magnesium
deficiency and confers low magnesium tolerance in transgenic Arabidopsis[J]. Plant Molecular Biology, 2017, 95(3): 269-278.
[42] Conn S J, Conn V, Tyerman S D, et al. Magnesium transporters, MGT2/MRS2-1 and MGT3/MRS2-5, are important for
magnesium partitioning within Arabidopsis thaliana mesophyll vacuoles[J]. New Phytologist, 2011, 190(3): 583-594.
[43] Zhang C, Li H J, Wang ] Y, et al. The rice high-affinity K* transporter OsHKT2;4 mediates Mg>" homeostasis under high-
Mg?* conditions in transgenic Arabidopsis[J]. Frontiers in Plant Science, 2017, 8: 1823.
[44] Tang R J, Zhao F G, Garcia V J, et al. Tonoplast CBL-CIPK calcium signaling network regulates magnesium homeostasis in
Arabidopsis[J]. PNAS, 2015, 112(10): 3134-3139.
[45] Tang R J, Meng S F, Zheng X J, et al. Conserved mechanism for vacuolar magnesium sequestration in yeast and plant cells[J].
Nature Plants, 2022, 8(2): 181-190.
[46] Tian X Y, He D D, Bai S, et al. Physiological and molecular advances in magnesium nutrition of plants[J]. Plant and Soil,
2021, 468(1): 1-17.
[47] Hu A T. Plant nutrition (Part IT) [M]. 2nd ed. Beijing: China Statistics Press, 2003. [ %, M=% (F) [M]. % 2 R
Jent: FES T ERE, 2003.]
[48] Yang R X, Huang W Q, Qiu C Y, et al. Effect of magnesium fertilizer on rice yield and the optimal application rate in Fujian
Province[J]. Journal of Plant Nutrition and Fertilizers, 2024, 30(8): 1515-1528. [# %0, 2 C, FE M, 2. fEaH /KRgEE
BN R MR FH B[], FEAE 3R S IERMEAR, 2024, 30(8): 1515-1528.]
[49] Yu QY. Soil exchangeable magnesium content in the Huai River area of Anhui Province and the influence of magnesium on
soybean nutrition[J]. Anhui Agricultural Science Bulletin, 2002, 8(6): 60-62. [ T-BE. 2N MEHL X 38 Bt & B8 Je i xet
K EFRIMI]. ZRUR S8R, 2002, 8(6): 60-62.]
[50] Geng G T, Ye X L, Ren T, et al. Optimal magnesium management for better seed yield and quality of rapeseed based on native
soil magnesium supply[J]. European Journal of Agronomy, 2024, 161: 127364.
[51] He D D. Distribution of soil exchangeable magnesium and the effect of magnesium fertilizer on the quality and nutrient use
efficiency of main crops in China[D]. Fuzhou: Fujian Agriculture and Forestry University, 2023. [fi] 4 4¢. 3% E -3 58 #uth s 4
ATRHE 2 T EAE Y B BT RSB A E D). A8 FR@ARARR S, 2023 ]
[52] Ruan J Y, Wu X. Productivity and quality response of tea to balanced nutrient management including K and Mg[J]. Journal of
Tea Science, 2003, 23(S1): 21-26. [Bi =, Rify. . BEE FRALRIN et & SR~ BRI T]. AR, 2003, 23(S1): 21-
26.]

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

[53] Huang Y. Plant nutrition[M]. Beijing: China Agriculture Press, 2014. [$% zx. fHAE FE24(M]. dbat: S E A H i,
2014.]
[54] Huang H X, Chen F X, Xu M G, et al. Research on soil magnesium status and magnesium fertilizer application technology in
red soil area[J]. Soils and Fertilizers, 2000(5): 19-23. [, BRAEM, MR, &5 ZEHIX 135088 Z0RML A BERL it B
FIRFFET]. E3EAEEL 2000(5): 19-23.]
[55] Wang Z, Hassan M U, Nadeem F, et al. Magnesium fertilization improves crop yield in most production systems: A meta-
analysis[J]. Frontiers in Plant Science, 2020, 10: 1727.
[56] Ishfag M, Wang Y Q, Yan M W, et al. Physiological essence of magnesium in plants and its widespread deficiency in the
farming system of China[J]. Frontiers in Plant Science, 2022, 13: 802274.
[57] Ishfag M, Wang Y Q, Xu J L, et al. Improvement of nutritional quality of food crops with fertilizer: A global meta-analysis[J].
Agronomy for Sustainable Development, 2023, 43(6): 74.
[58] Yin X W, Yang K J, Zhang Y F, et al. Effects of different magnesium application levels on maize yield and quality in western
Songnen plain[C]//The 2018 Academic Annual Conference of the Crop Science Society of China. Yangzhou, Jiangsu, 2018: 218.
(PR, B, RIRE, & AFEREKT R CT 5 P8 3 K™ B Kt BRI [CL/2018 HEEY) AR FE W0
CAE. TLIRAIN, 2018: 218.]
[59] Zhang S, Shao Y H, Shi Z L, et al. Effect of magnesium fertilization on dry matter accumulation and translocation and grain
filling under post-anthesis heat stress in winter wheat[J]. Journal of Triticeae Crops, 2017, 37(7): 963-969. [7k#l}, ABFHit, fi4H
B, 45, TBRXIE)E FEMHA /N TR RS R ROFES R 2], 22 RAEMS-AR, 2017, 37(7): 963-969.]
[60] Kashinath B L, Ganesha Murthy AN, Senthivel T, et al. Effect of applied magnesium on yield and quality of tomato in alfisols
of Karnataka[J]. Journal of Horticultural Sciences, 2013, 8(1): 55-59.
[61] Chen S L. Effects of different application amount of magnesium sulfate fertilizer on economic characters and yields of
cucumber{J]. Fujian Agricultural Science and Technology, 2019, 50(6): 30-32. [F/KF. B BREE AEAS [H] it A B Xt 3 R 57 IR
A= g W], fE Ao RHE, 2019, 50(6): 30-32.]
[62] Zhang B G, Cakmak I, Feng J C, et al. Magnesium deficiency reduced the yield and seed germination in wax gourd by affecting
the carbohydrate translocation[J]. Frontiers in Plant Science, 2020, 11: 797.
[63] Lin H Q, Li J, Li J W, et al. Effect of magnesium fertilizer dosage on yield, quality and nutrient uptake of four leafy
vegetables[J]. Chinese Agricultural Science Bulletin, 2024, 40(4): 74-82. [WifFHE, ZE#f, ZE3biE, . BEALHEXT 4 Fhmk255k
SR U FR RIS, R S A, 2024, 40(4): 74-82.]
[64] Wang Y H, Long Q, Li Y'Y, et al. Mitigating magnesium deficiency for sustainable citrus production: A case study in Southwest
China[J]. Scientia Horticulturae, 2022, 295: 110832.
[65] Wang Y H, Kang F R, Yu B, et al. Magnesium supply is vital for improving fruit yield, fruit quality and magnesium balance
in citrus orchards with increasingly acidic soil[J]. Journal of Integrative Agriculture, 2025, 24(9): 3641-3655.
[66] Chen X H, Yan X J, Muneer M A, et al. Pomelo green production on acidic soil: Reduce traditional fertilizers, but do not
ignore magnesium[J]. Frontiers in Sustainable Food Systems, 2022, 6: 948810.
[67] Zhou Y M, Wei R F, Lin L, et al. Effects of magnesium in fruit quality on kyoho grape[J]. Southern Horticulture, 2016, 27(4):
6-8. [JAlUkHE, FoRAm, MFS, S BRIRALHINS FIEH & &R ], BT, 2016, 27(4): 6-8.]
[68] Guo X Z, Jiang W, Huang P H, et al. The influence of combined application of potassium and magnesium fertilizers on the
quality and mineral nutrition of bayberries[J]. South China Fruits, 2017, 46(3): 72-75. [¥h75 5k, 2208, 0, 4. 418 BT i
X A7 i BB TR T]. A R U7 SRR, 2017, 46(3): 72-75.]
[69] Tian G, Qin H H, Liu C L, et al. Magnesium improved fruit quality by regulating photosynthetic nitrogen use efficiency,
carbon-nitrogen metabolism, and anthocyanin biosynthesis in ‘Red Fuji” apple[J]. Frontiers in Plant Science, 2023, 14: 1136179.
[70] Ruan J Y, Wu X, Hérdter R. Effects of potassium and magnesium nutrition on the quality components of different types of
tea[J]. Journal of the Science of Food and Agriculture, 1999, 79(1): 47-52.

[71] Ruan J Y, Ma L F, Yang Y J. Magnesium nutrition on accumulation and transport of amino acids in tea plants[J]. Journal of

http://pedologica.issas.ac.cn



+ B

Acta Pedologica Sinica
the Science of Food and Agriculture, 2012, 92(7): 1375-1383.
[72] Zhang Q F, Tang D D, Yang X D, et al. Plant availability of magnesium in typical tea plantation soils[J]. Frontiers in Plant
Science, 2021, 12: 641501.
[73] Zhou S M, Fu Y P, Zhou J J, et al. Effects of level and method magnesium fertilizer application on yield and quality of flue-
cured tobacco[J]. Research of Agricultural Modernization, 2007, 28(5): 637-639. [, fF=M, FE%E, < BEEHENE
FH 7 VR0 R 7 AR SR, RO B AR AIE 7, 2007, 28(5): 637-639.]
[74] Li X F, Li Q, Lei L Q, et al. Effects of magnesium application rates on yield and quality of rapeseed under high potassium soil
fertility[J]. Hunan Agricultural Sciences, 2018(8): 48-50. [Z=/NJ5, ZMf, HAIZ:, 5. i) NAS FBEALH EX e~ &
AR IR, IR AL RHE, 2018(8): 48-50.]
[75] Vrataric M, Sudaric A, Kovacevic V, et al. Response of soybean to foliar fertilization with magnesium sulfate (epsom salt)[J].
Cereal Research Communications, 2006, 34(1): 709-712.
[76] DEFRA (Department for Environment, Food and Rural Affairs). The fertilizer manual (RB209)[M]. 8th ed. The United
Kingdom: The Stationery Office, 2010.
[77] Noor S, Akhter S, Islam M M, et al. Effect of magnesium on crop yields within maize—green manure—T. aman rice cropping
pattern on acid soil[J]. Archives of Agronomy and Soil Science, 2015, 61(10): 1381-1392.
[78] Huang J C, Peng Z P, Yu J H, et al. Effects of different amount of magnesium application on yield and quality of winter
potato[J]. Guangdong Agricultural Sciences, 2014, 41(7): 74-76. [34k )1, 8T, TR, % AFREEHENLAMH DR E
FERAG BRI, ) ARRIENE, 2014, 41(7): 74-76.]
[79] Wang Z D, Shi Z, Tong H K, et al. Analysis and countermeasures study of guarantee capability of salt lake resources in Qinghai
Qaidam Basin[J]. China Mining Magazine, 2023, 32(2): 38-42. [ TR %, B i, BIFZE, % HILIER DLW PR IR GE
AT SRR A P ETE, 2023, 32(2): 38-42.]
[80] Bai Y X, Wang S B, Guo S, et al. Utilization and research status of salt lake resources in Qaidam Basin, Qinghai[J]. Journal
of Salt and Chemical Industry, 2023, 52(3): 1-6, 19. [E#EHE, FAME, EIK, 5. FHIGSOEA R ER B IR0 F A L5t
R[] BREAS 0T, 2023, 52(3): 1-6, 19.]
[811 Bi QY, Dang L, Cao H L, et al. Development and utilization of magnesium resources in Qinghai salt lakes[J]. Journal of Salt
Lake Research, 2022, 30(1): 101-109. [SEAK¥E, 5677, HRHRE, 5. 5SRO K S RBT FCdt R (). $hiswtit, 2022,
30(1): 101-109.]
[82] Cheng F Q, He C B, Dong C. The utilization status and development prospect of magnesium resource in Yuncheng salt lake[J].
Inorganic Chemicals Industry, 2005, 37(6): 8-10. [F£75 %%, PEE, &), EIRELHIEE S IEA FHIUIR KA LT [0]. THLE:
Tk, 2005, 37(6): 8-10.]
[83] Li H, Tang Z F, Liu C F, et al. Comprehensive exploitation and research of brine resources in the Lop Nur Salt Lake, Xinjiang[J].
Acta Geoscientica Sinica, 2008, 29(4): 517-524. [Z=¥, JEef L, XUFEAR, &5, Bram S A i sl oK RIRLEE R T[], Hh
FREEIR, 2008, 29(4): 517-524.]
[84] Ding J H, Chen Z H, Yang G J, et al. Metallogeny and resource potential of magnesite deposits in China[J]. Geology in China,
2013, 40(6): 1699-1711. [T 4, FRiEi, #ER, . o E 2280 B MU S BRI ) (9] P M5, 2013, 40(6):
1699-1711.]
[85] Zhao R, Su T L, Peng X G, et al. Analysis of the current supply and demand status of global magnesite resources[J].
Refractories & Lime, 2025, 50(1): 1-6. X3, #RiE e, @otim, 55 SEREEEHN SR TRILRA ] WA 5K, 2025,
50(1): 1-6.]
[86] Yang J F, Yu Y, Wang X. Research on green and high quality development strategy of magnesite mining industry in China[J].
China Mine Engineering, 2022, 51(4): 25-28. [#71R V&, RIK, Tt FREZFEED ket o m i SR B SR []. HEm 1L T
T, 2022, 51(4): 25-28.]
[87] Li M N, Jiang F. Utilization status and development of calcium and magnesium resources in dolomite[J]. Non-Metallic Mines,

2025, 48(2): 115-118. [ZEW4FE, L. (1A hESEETHIRR DR KR RE[I]. k&8, 2025, 48(2): 115-118.]

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

[88] Qin Y J, Zhu D S. Mineral processing status and prospect of China’s brucite[J]. China Non-Metallic Minerals Industry, 2014(6):
13, [, RAEL. REDKSAT BEAHBUR & RED]. P EAES R LLF T, 2014(6): 1-3.]

[89] Zhang D, Zhang W F, Ji Y X, et al. Development of medium and trace element fertilizer industry in China[J]. Modern Chemical
Industry, 2012, 32(5): 1-5. [3kFF, sk D%, ZIAF, 5. RESRHEGEERFILRIGRI]. BT, 2012, 32(5): 1-5.]
[90] Lu Z Y, Ji T T, Wang H B, et al. Analysis on foreign magnesium-containing macronutrient fertilizer products[J]. Modern
Chemical Industry, 2021, 41(3): 1-5. [&4R, #iFkr, o, 5. EAMSEREICE AR MR HT[I]. IR T,
2021, 41(3): 1-5.]

[91] Fang F Y, Wang J M, Zeng Y. The process mineralogy study on flotation concentrate and tailings of one phosphate ore in
Yunnan[J]. Yunnan Metallurgy, 2019, 48(1): 18-24. [J7#&Ek, F#H, HH. ZritBii iFiEky 5B 0 L2 YWm i
[J]. =FE1R4, 2019, 48(1): 18-24.]

(FfEHE: F )

http://pedologica.issas.ac.cn



