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GBWO07413a, GBW07414a, 1154 A (185 5 B F i
W . HEHL GBWO07442 JE 25 A5 ME 9 I 31 5 Se Al
Zn B SRR (FHXHR2E, RE) FIIES 00
D7 HRE % (RSD). Se JL K i 5 45 A A X i
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Table 1 Detection limits, accuracy, precision and yield of

analytical methods.

KU A Kb WERREE RSD  ARREER
(mghkg)  (AlgO) (%) R (%)

4hE Se AFS 0.01 0.006  6.01 100
fHZn ICP-MS 3 0.006  5.32 100
pH ISE 0.1(CGHA)  0.003  3.88 100
AL VOL 0.17(%) 0.005  5.19 100
AR Se AFS 0.001 0.01 5.41 100
ARES Zn 1CP-MS 0.02 0.05  3.90 100

Location distribution map of study area and sample collection.

2 Sefil Zn LEBBE VR EIE

Table 2  Analysis precision of Se and Zn morphologic elements.

SR
x| sm
e B AL
HIEE BTE o mn ok wag ons

RSD (%) | 3.87 5.05

N

89 316 429 721 271

Se | &HEEM:
i (%) 7436 7179 53.85 100 9231 100 100
RSD (%) | 4.17 226 194 174 123 134 041
Zn | EEEM
i %) 4872 100 100 100 100 100 100

A3 T R A S R AS M ER AL A R RE S 2 BT
Ty AR EER )(DD2005-03). (£ H A% X Sk ik
PHA I (1 1 250000) ) (DZ/T 0258—2014). {11
i MR Ak 2 PR R )(DZ/T 0295—2016) AYEEK .
2.3 EfES58dRgET

A 5T ) R FHl MAPGIS67 %A% i /F 2R
JEEIE, MRS BT R B SPSS25 B kAT 4 A, HE
b A RS A R T EXCEL2010 3044
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3 giR5iie
3.0 bR, GRS NEARESRE
JCE LS EAR B Se N 86.54%, Zn N
93.59%, Se FEAEKEBLS . B FHE . mIREE &
A RAE . Zn BKEE SRR T 48.72%, HALIY
B 100% . A HECHE 2 RS BRI 172 1F
SR AR ORI GR BT e ) [
T B, AFFE X R R . 4% pH BV
PERRAE, JCFRUAGEE N 3=, m s AP R 3, g
EEIRYE . ARIEE 3PS R A LA
pH BAR S 55860 ; A5 LT DL A 57K 325 CEC LU

3 WXL Se fil Zn SRR (1=37)
Table 3 Characteristics of Se and Zn contents in soil of the

study area (n=37).

P AR5

WiH Hf RME ERKRE E BN
pH M 543 827 75 0.63 008
AL % 112 489 252 083 033
CEC mol/l  12.9  30.89 21.85 503 023
K mgkg 014 096 037 0.5 042
BRES Se mg/kg  0.005  0.049 0.01 0.009 0.88
IR Se mg/kg  0.0003 0.015 0.004 0.003 0.72
BT Se mg/kg 0.002 001 0.006 0.002 0.39
OKBB+ETE)Se  mgkg 0.004  0.025 001 0.004 041
RS Sel M 045 336 113 079 07
KRB+ T)Se ) ' ' : : :
TRIRELES Se mg/kg  0.001  0.023 0.006 0.005 0.8
OKBEB+E T+
B 25)Se mg/kg 0.006 0.048 0.016 0.008 0.49
AR SR+ T 026 153 065 031 048
B S HRIRERZS)Se : : : : :
JEAEIRES Se mgkg 0042 019 0.2 0.025 021
BRERAE 7S Se mg/kg 0.004 0.014 0.007 0.002 0.3
AP Se mg/kg  0.008 048 0.1 0.091 0.9
BRIt Se mg/kg  0.056 023  0.11 0.036 032
24t Zn mgkg 533 294 8535 39.61 0.46
AR Zn mgkg  0.02 221  3.63 483 133
JKIEZS Zn mgkg 0.004 0.5 0087 0.11 125
BT Zn mgkg 011 177 033 04 12
ORIEB+EFE)Zn mgkg 013 211 042 049 116
AR Zn/
OKiRS+ JTEHN 012 5254 1112 112 1.01
BEFA)Zn
BRARERZS Zn mgkg 071 1436 232 281 121
OKBB+E TS+
B4 Zn mgkg 083 1478 274 292 1.07
SIS VRIS
§f£+§g§§j§;; T4 0015 32 118 065 0.5
JEAERRZS Zn mgkg 216 1741 453 279 0.62
BRER LS Zn mgkg 4 6551 9.94 9.87 0.99
HAPLE Zn mgkg 126 3752 3.6 589 1.64
BRIt Zn mg/kg 412 114.06 64.43 14.65 023
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TEAE Se TIEMIFRME. Se RIFRIES . SRA ML,
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Fig. 2 Histograms of Se and Zn proportion in the study area.
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Fig.3 Comparison between the contents of available state and other forms of Se in soil from different crop growing areas.
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R Z, Hor 5 MR AL T 2 A A iR £
AN A LR, ZaCa sk BD, ARG

Zn #I{EH R 2.85mg/kg, 5 OKIESA+E TS+ R LR
A)Zn % 2.28mg/kg 1, LT 2 ARGE Zn ¥y
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WA Zn ¥ A 0.023mg/kg, 5 K & Zn ¥
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Fig. 4 Comparison between the contents of available state and other forms of Zn in soil from different crop growing areas.

i, R 3R i P A S Zn & S RAIG
E"J:)ﬁ, EARREERMEE . X= 00 H3ERE S
B, pH JE [ 7.23 ~ 7.45, R AEY) & 5 HAD Rl X
FHEE2E AN K, BEIH A 20 Zn 78 K aUA XA PR,
SR RVEY IC G
332 R[AFpAEAR MY 1 3 il e A s 5 HoAl
EARSEXTI
X T A S A BRI AR AR AR ) AT G, 45
RONF3 5, P/ L5 Se ARESI &Yy
{HA 0.019mg/kg, 5 (K B+ F A+ IR EEA)Se
FIIMH 0.019mg/kg AHIA] . FiE EAK . 51 ZHE. 46
Ao L LRSS Se YIME S OKIES+E T
2)Se HIMEAENT . AR Zn TEAR R RAED FAE X 1
iﬁ%qﬂiﬁ ERT OKIFS+ETE), 5 OKIES+ET
BAHRIRFE ) Zn 330 . ARFEARAVEY)FRL X 19 H 2L
A Se. Zn it R E S SRR R EAAERT I E R
3.4 THOPIEEA B S B SH b
PHEA R A W2 R FH ]
I3 RIVEBS &, 23T Se. Zn A RS S5KIER.
BT AMIRIREE SR, E 5. B 6 fimn,
K5 AR Se 5 OKBES+E F5)Se A
K RZB(RY) M 0.2258, B BAL T A 544 Se 5 OKIF
+ﬁ%¥*+ﬁ&@2fﬁ7§>8e AR H0.5602, LR
%ﬁx&%& Se T e 5 OKIES+E 1) Se #£3k, (HM
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T4 ZUAXKRHIBRARE Zn S RFHE

Table 4 Characteristics of available Zn content in farmland soil

in basalt area.

Tkt Zn & (mg/kg)
V() = e
M5 [Z7INEE
PN AR KEE BEBTE .

23 fEHE 4681 744 002 004 012 0.16
31 /M 3900 752 002  0.03 0.15 0.17
24 FK 5972 794 003 001 016 0.17
XM 4851 76333 0023 0.027 0.143  0.167

A GRS

Kl 6 Zn A S SKIES+E FRMHER
B R=0.0797, KT Zn A MBS KB E+E T
AR IR R A5 A 56 2B R=0.7858, 454 & Xt b

S5, Zn WA RBES T LACER Zn BRI S+E T8+
RIREE S . ATEZR AR E A H ek
AT LR Zn MAREE (R 4, % 5).

X451 Se BA B 5K B3 F A FUK T
BHEFEHRREE S ES T, B
A Se/OK BB +E F2)Se LW/ T 1B &5 L &1t
59.46%, WLAH KT 1 AT 40.54%; A3 Se/(7Ki
BAE FEHRREET)Se lLE/NT 15 AT
83.78%, WWERT 1 &1 16.22%. Se AL
IR+ AR U A 5 oM 341
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552 JED, %5 T % B B 39 R A 0 A RS ST A e 2R M N 2 5543 %
3.5 ZREX HHPENERESS HMWBES W 249.27mg/ke, AR Zn & 21 1mg/kg W2 B 5,

RE T RRA X L BAT S/ Cr. Ni,

HIRERE I —Hr 35 25 T3 Zn &2l

Cu\ Zn WA, WA E 2 W E 48 ki 2 7w 122.79mg/kg, 5 %7 Zn % & 18. 7mg/kg WK E,
o VTV R A X Mo A REE R B ErE ZJCFIX 22 77—;5 Zn &l 120.94mg/kg,
%Bﬁﬁ’K FIZERI A e X HA HIEE S AES Zn & & 5.99mg/ke, A A& & 4 LB
JE SRR RS AR RN I S B
M R 4 iR R I X aUE X Zn AR R LA XA RS Zn & AR 3 4> JFP Y
PERERIH R 2T SEFE X KR X Zn R Ao ANFE 2R Zn B R B BN 62.92%.
HAA RS Zn & B S IAFIE — B ERFREIX 51.86%. 75.19%, & T HIE S ARVEY Zn B4R
JEPRDLE N HRIX 5 5 R R Zn R A BOPIIE 43.6%, RAEW Zn SEEA . —T5
5 ARREWRRIX L5 Se. Zn HAUES HMBAS BXTLE
Table 5 Comparison between available state and other forms of Se and Zn in soil from different crop growing areas.
Se kL (mg/kg) Zn F it (mg/kg)
V(271
e ARE KESHETES  KESHETESHRRES | A8 A KESETE  KES+ETEHRIRIE
INAE 0.49 0.019 0.011 0.019 106.77 6.541 0.557 3.805
FK 0.30 0.006 0.009 0.013 77.28 3.061 0.622 2.819
&F 0.30 0.007 0.010 0.015 74.05 1.274 0.315 1.492
2 0.31 0.007 0.013 0.017 79.24 1.149 0.152 1.258
14 0.30 0.009 0.007 0.014 67.56 2.063 0.216 1.803
415 0.24 0.007 0.010 0.017 82.26 6.276 0.381 5.357
a 0.06 gxs 0.030
2 () =0.6416x+0.0096 Ey (b) =0.2134x+0.0078
& oost R=0.5602 . s 0.025} R=02258 4
a% = 0.04 | - < 0.020 |
Xa %ﬂ /_‘r/ .1:5 -
M E 003F ¢ - W 0.015 ¢ ¢ T
E.E EH I‘//’ 1\?.@ 0 % d__/--"__-'-’/- rY
Bén 0021 Lo, o 10010} Wase
& f’ ¢ ‘%ﬁ . ¢
\M"}, 0.01 ‘ + :% 0.005 + t‘ %
a 0 : : g o : - - - -
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FRL Se 7 it (mg/kg) FRL Se 7 it (mg/kg)
Fs WIRX 3 Se FARBESARBE Se ZAHUNHE
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Table 6 Correlation between soil available Se and various indexes in different crop growing areas.
SH Rt g INFZ 4 E = ] ESaE
S Se B Se BRI Se HRA Se A Se
pH -0.742 0.273 0.357 0.554 0.206
AL 0.526 -0.659 0.547 -0.045 0.593"
CEC 0.838 0.536 -0.364 -0.457 0.224
41 Se 0.679 -0.494 0.629" 0.248 0.728"
TR Se -0.695 0.217 0.727" 0.719 0.642""
BT Se -0.975" 0.133 0.535 -0.028 0.133
RIRERA Se -0.170 0.580 0.957" 0.506 0.802"
JERIIRZS Se 0.206 -0.719" 0.345 0.379 0.558"
BRARTS Se —0.365 0.385 -0.107 0.128 0.136
A LA Se 0.721 -0.106 0.686" -0.025 0.766"
FRIEAS Se 0.673 —0.446 0.102 0.433 0.340"
#7 ARREDAEX 3R A3Z Zn S&EREXN:
Table 7 Correlation table between soil available Zn and various indexes in different crop growing areas.
S ZRRtE A1 INFE +- 5P Sunt Eoint
AR Zn AR Zn AR Zn B Zn AR Zn
pH 0.407 —0.558 0.117 0.288 0.061
FHLE 0.563 0.190 0.409 —0.818" 0.429"
CEC 0.015 -0.224 —0.424 -0.038 -0.372"
21 Se 0.432 -0.133 0.844" 0.684 0.801"
TKIEZS Se -0.237 0.543 0.128 —0.440 0.204
BT Se -0.286 0.466 0.333 -0.380 0.291
RIRERAS Se 0.016 0.897" 0.861" 0.906" 0.872"
JEHIIRES Se 0.640 0.784" 0.848" 0.778" 0.888"
BREAAS Se 0.352 0.357 0.789" 0.767" 0.785"
AL Se 0.580 0.524 0.761" 0.147 0.726"
FRIAZS Se 0.279 -0.320 0.850" 0.637 0.582"
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Relationship between Available State and Forms of Selenium and Zinc in

Farmland Soil of Luoyang City and Its Influencing Factors

ZHOU Kan, ZHOU Jianchuan, WANG Xikuan" , LIU Junfang, HUANG Lan, HOU Jinkai
(Henan First Geology and Mineral Survey Institute Co., Ltd., Luoyang 471023, China)

HIGHLIGHTS

(1) The available Zn in farmland soil in the study area is equivalent to the sum of water-soluble state, ionic state and

carbonate state. The activity of Zn in farmland soil developed by basalt residual soil is low, and the available Zn

is equivalent to the water-soluble state.

(2) The available Se in wheat cultivated farmland soil is equivalent to the sum of water-soluble state, ionic state and

carbonate state. The available Se in the soil planted with corn, millet and sesame is equivalent to the sum of

water-soluble state and ion state.

(3) The available Se and Zn in farmland soil is significantly affected by the total amount, and is also affected by

cultivated crops, soil physicochemical properties and organic matter.
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ABSTRACT: The form and available state of elements are important indexes to evaluate the activity of elements.
Research on the relationship between the available state and form of selenium (Se) and zinc (Zn) in farmland soil is
an important basis for accurate land quality evaluation. In this paper, the available states and different forms of Se
and Zn in the soil of high Se background area in Luoyang farmland were studied. The results show that the available
Se in wheat soil can be replaced by the sum of water-soluble state, ion state and carbonate state. The available Se in
the soil of corn, millet, sesame, peanut and sweet potato can be replaced by the sum of water-soluble state and ion
state. Available Zn can be represented by the sum of water-soluble, ionic and carbonate states. The active Zn in the
farmland soil developed in the basalt area was low and similar to the water-soluble Zn. The available state and forms
of Se and Zn in farmland soil were mainly affected by total amount, but also by cultivated crops, pH and organic
matter. It is necessary to consider agricultural planting, pH and organic matter to evaluate the availability of Se and
Zn by using the form instead of the available state in farmland soil. The BRIEF REPORT is available for this paper
at http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykes.202308210139.

KEY WORDS: farmland soil; Luoyang City; ICP-MS; selenium; zinc; effective state; form

BRIEF REPORT
Significance: The evaluation of the absorption capacity of crops is mainly based on the available state and
morphological characteristics of the elements, but the relationship between the available state and morphological
characteristics lacks special research data. The research on the relationship between available state and form can
guide the accurate evaluation of land quality. In this research, the available states of Zn in farmland soil can be
represented by water-soluble state, ionic state and carbonate state; the available Zn in the farmland soil developed by
basalt residual soil is equivalent to the water-soluble state; the sum of the water-soluble state, ionic state and
carbonate state of Se in the soil planted with wheat represents the available state; the sum of water-soluble state and
ion state of Se in the soil of corn, millet and sesame plantation represents the available state.
Methods: 37 root soil samples and crop samples in the high Se background area of the farmland in Luoyang were
collected. Zn content was analyzed by inductively coupled plasma-mass spectrometry, and Se content was analyzed
by atomic fluorescence spectrometry. A seven-step sequential extraction technique was used to determine different
forms of Se and Zn. Precision and accuracy of available Se and Zn were analyzed by different reference materials;
GBWO07416a for available Se, and GBW07416a, GBW07412a, GBW07413a and GBW07414a for available Zn. The
reference material GBW07442 was selected to calculate the accuracy and precision of the total amount and the sum
of different forms. The analysis quality met the requirements of relevant specifications (Table 1, Table 2).
Data and Results: The results show that the average content of available Se in the soil planted with wheat was
0.019mg/kg, and the average content of the sum of the water-soluble state, ionic state and carbonate state was
0.019mg/kg (Table 5). The available Se can be replaced by the sum of the water-soluble state, ionic state and
carbonate state. The average content of available Se in the soil of corn, millet, sesame, peanut and sweet potato was
0.006mg/kg, 0.007mg/kg, 0.009mg/kg and 0.007mg/kg, respectively. The average content of the sum of water-
soluble state and ionic state was 0.009mg/kg, 0.010mg/kg, 0.013mg/kg, 0.007mg/kg and 0.010mg/kg, respectively.
The available Se in the soil planted by these crops can be replaced by the sum of water-soluble state and ion state.
The average content of available Zn in farmland soil was 3.63mg/kg, which was higher than the average content of
(water-soluble+ionict+carbonate) Zn 2.74mg/kg, and much higher than the average content of (water-soluble+ionic)
Zn 0.42mg/kg (Table 3). Available Zn can be represented by the sum of water-soluble state, ionic state and
carbonate state. The available Zn content in the farmland soil developed in the basalt area was 0.023mg/kg, which
was similar to the water-soluble Zn content of 0.027mg/kg and had the characteristics of low activity (Table 4).
There was a significant positive correlation between the available Se and the full amount Se, and the full amount of
— 325 —
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Se was the determining factor of the available state. There was a positive correlation between the available Se and

all the forms in all soil samples, but the correlation between the available Se and all the forms was different in soil

planted with different crops. Soil physical and chemical properties were important factors affecting the available Se

in soil, and crop planting types were also important factors affecting the available Se in soil. Available Zn was

positively correlated with total Zn and different forms. The total Zn in soil was the determining factor of available

state. The correlation between available Zn and total Zn was affected by planting crops. The ability of different

crops to affect Zn activity in soil was strong. The relationship between available Zn and pH in soil was significantly

affected by the planting species of crops. The relationship between soil available Zn and soil physicochemical

properties was affected by different crops. When using form instead of available state in farmland soil to evaluate

the availability of Se and Zn, it is necessary to consider the aspects of agricultural planting and soil physicochemical

properties.
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