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Lit?ﬂ]ﬁ El 20y N SCu 206+207208
MER + bR 1.051 +0.345 0.177 £ 0.084 0.216 +0.101 0.225 + 0.050
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2Cr NST-3 64+3 659 660 — — — @ — 66.0 0.11 600 609 — — — — 60.4 1.05
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®3 FRESEATE NST-3 F1 NST-4 i, SFEELER
il e brife PRI 1 PRI 2
T 94 WS K
et i (L I 2 3 4 s ¢ THE R, s A RSD
(amu) (mg - kg") (mg-kg') (%) (mg-kg') (%)
®Cu  NST-3 21.5%12 206 204 — — — — 20.5 069 201 2001 — — — — 20.1 0.00
NST-4 263+25 249 245 253 248 246 244 2438 132 252 284 252 252 284 253 263 6.23
P NST-3  26+5 173 179 — — — — 17.6 241 184 186 — — — — 18.5 0.76
NST-4  30+4 247 248 244 243 243 242 244 099 299 256 260 257 256 255 @ 257 0.76
“Cu NST-3 21.5+12 195 191 — — — — 19.3 147 - — — — — — — —
NST-4 263+2.5 238 236 242 236 236 234 237 L6 — — — — — — — —
WR0m%pL, - NST-3 26+5 170 176 — — — — 17.3 245 — - — — — — — —
NST-4  30+4 244 246 241 240 240 239 241 3 - - - - - — — —
R4 AKX TUE GSS-17 1 GSS-20 FEASBLER (mg - kg")
+ R B i “Cr “Ni “Cu 200:2074208p},
GSS-17 FREE 25+5 9.6 +0.6 126+0.6 174+ 1.1
MEME + PrfEiRs 248+ 1.1 9.7+0.1 120 0.2 15003
(SS-20 FrifEf 43+3 20+2 28+ 1 13412
MEM + PrifER2E 448+1.3 20.0+0.2 27.9+0.9 10.6 +0.1
£5 HREEKXTE GSS-19 F GSS-20 HiE B4R
WETEE MR SRR g S MELTR
Camu ) PREM (mg - kg™) 451 (mg-kg')  FAF2 (mg-kg') I (mg - kg') RSD (%)
*7ph GSS-19  18.7+0.9 17.7 17.7 17.7 0.00
GSS-20 13412 122 122 12.2 0.00
20612074208y, GSS-19  18.7+0.9 19.4 19.5 19.4 0.19
GSS-20 13412 13.7 13.6 13.6 0.50
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52Cr\ 60Ni R 65Cu ;F[I 206+207+208Pb E"Jﬁ‘]ﬁﬁﬂj KE%%U%
0.060. 0.010. 0.045 F10.015 mg kg™,

JLERATS SrHT B (amu ) PRAELAETT LIPSEN g FERBR (mg - kg™)
Cr 52 y=0.014095x+0.007 0.999846 0.060
Ni 60 y=0.004285x+0.000 0.999996 0.010
Cu 65 y=0.004861x+0.001 0.999985 0.045
Ph 207 y=0.009892x+0.012 0.999786 0.015
Ph 206+207+208 Jil& y=0.040366x+0.093 0.999243 0.015
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%ﬁjﬁ?{‘ EP%}EH SZCr\ 6()Ni . 65Cu ﬂl 2()6+2()7+2()8Pb B@Ei‘
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20020T205ply ) 5 B AS: B3 514 0.060, 0.010, 0.045
10015 mg - kg'c AN, ZIEIE 1. R
AT IRIRCREE R R 89.6% ~ 112.3%,
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Determination of Cr, Ni, Cu and Pb in soil samples by inductively coupled plasma-mass spectrometry in the
standard mode

JI Tian-wei', YU Dan-hongz, ZHONG HangI . WANG Yu-lei', CHE Si-li' (1. General Station of Cultivated Land Quality
and Fertilizer Management in Zhejiang Province, Hangzhou Zhejiang 310020; 2. Zhejiang Agricultural Products Quality
Supervision and Testing Center, Hangzhou Zhejiang 310020 )

Abstract: According to the standard HJ 832-2017, the contents of chromium (Cr), nickel (Ni), copper (Cu ) and lead
(Pb) in the solution was prepared and then determined by ICP-MS in the standard mode. The experiments were divided into
three stages. The repeatability test of two soil reference materials were determined at the first stage from June to July in 2019.
The accuracy and precision of the two soil reference materials were further verified and analyzed at the second stage from April
to May in 2020. The performance of the instrument was adjusted, and the signal values of Mg, In and U were optimized to
determine the content of Pb in soil at the third stage from July to August in 2020. The detection limit and recovery rate of ICP-
MS (DRC- II )for Cr, Ni, Cuand Pb in soil were analyzed. The results showed that the accuracy and precision of [CP-MS
( DRC- 1T ) for determination of total contents of Ni, Cu, Cr and Pb in soil met the analytical requirements. The detection
limits of Ni, Cu, Crand Pb were 0.060, 0.010, 0.045 and 0.015 mg - kg_] , respectively, with the recoveries from 89.6%
to 112.3%.

Key words: soil; heavy metal; standard mode; inductively coupled plasma-mass spectrometry ( [CP-MS )
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Review of the interactions between magnesium and phosphorus nutrients in Fertilizer-Soil-Crop System

ZHU Xi-ru, JIANG Run, LIAN Yi-wen, HUANG Cheng-dong* ( College of Resources and Environmental Sciences,
National Academy of Agriculture Green Development, Key Laboratory of Plant-Soil Interactions, Ministry of Education,
China Agricultural University, Beijing 100193 )

Abstract: Magnesium and phosphorus are critical macronutrients for plant growth. At present, magnesium deficiency
and low phosphorus use efficiency are becoming the key limited factors for nutrient management in green crop production
in China. The nutrient supply of magnesium and phosphorus in soil barely meets the demand of crops which can result in
low crop yield and poor quality, especially in acidic soils in the south of China. There are complex interactions between
magnesium and phosphorus nutrients. For fertilizers, it affects the phytoavailability of magnesium and phosphorus.
For soil, it works on the nutrient fixation and release of magnesium and phosphorus. For crops, it does not only promote the
absorption and utilization of magnesium and phosphorus nutrients effectively, but also improves crop yield and quality. As
mentioned above, there are various types of interactions between magnesium and phosphorus nutrients in the fertilizer-soil-
crop system which requires recognizing and understanding the processes and mechanisms of Mg—P interactions systematically,
thus can provide scientific basis for innovative design of green and high efficiency fertilizers and efficient nutrient management
practices.

Key words: interactions between magnesium and phosphorus; nutrient availability; nutrient fixation and release; efficient

use of nutrients
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