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TEHUBMEA A E B 22 5, T DI REE I F 3L sh fE AN
[ MG, 2k MU RE . 2R m R R A= S FE B (an
BAEFEBEL. WIEFESINCR, BIEHMI. Z5HF5 %k
SIZE)REMR I HbFE /R A SR AL 3 S R g T
Jt O g xR 4 R v g AT RAaayma s, fn
TE 5525 5 va 3 4H Almalyk Tolb el X EATAOBTFSE 2 BE, i
FH R S5 R R (B 5 Y M As. Cd. Cu. Pb
MZo)FE RN, HIEZ AR AR i SOl
FERARE B TR, WAL SRk T4 R (As.
Cd. Cu. Po)AYV5/KHERE 18RS, AHAL T XFHRL, Hoxt
Doy M 2 Y R B R RROR A R AR B B R
Y B R BREBESE R, SN A ek ik
T FURE T S5 40 7 A 5 ﬁ[]Bakonyi%‘rf/\[m]ﬁﬁ%ﬁfﬂ,
5 X A AR L, S50 2H (I R B8 ED TA 2 JUS il
11 mg/kg) HHELL MBEE L dUREL. cp3-5FFELR dURn
T R RIS, X FE BRI T S e-plHZR
A LR AR AR, BE bR X v
Ty ) R T DA (BN E N 1 i S A S N /N T w57
B8 P2 O AT Ve B A A T 7 ) AH DG RIS

ABFEXS T P A XA T KSR & il X K
AL MREIE AT AT, LR R B BT LR
TEVEZEM 255, A0 HT 8l & i 5 2 A2k AU AR 48R
RSN,  DASYI3E A 1 9% 2 Xt - S e 8 25 Tk Fg e
N, XTSRS A Y ER bR, AR HZ s AR -
HER KT, T PEAL R AR B A0 A A S (AR R}
SARAE. RIS, FRITANZE A RRIE A 2, XS
3 A Y 2R A S T RE A A THTAGA.
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1.1 AEECREE

F5E XS 6 7 PR A X AR a8, 8
ARG R KU, AR PSRN 21.8°C, AP RE RN
O 1735 mm, 438 = EROANIE & Bk - AR IE A
+. 2018475 H (LA /KR b T4 BEI, 3k 43450, f8
FHEACREE), HEEEMITEIX REE0~20 cmfP) R ZHFE
H A ERE AR (&1 1), BEASRAE S REHLRAE3A LR, TRA
VER—ARERTA TG S 548, SEREREH451, IR
Pz IS E I 51 Fy, — 10 BT 4°CHEE PRI
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8 mLIR MR A2 mLm SR, Wik . 58 — RAGHIE
JHCFE R AR LR B A B (A, BCRAHL SRS,
LB TR AT SRS 5 PR L A — k.
BRI, IAS mLkERRR, AR HCE V.
HRE2Ss mLILEE W, ERBZIEL, FHETFIOL
ORVCICRET AT A I AP R s v
YI(GBW 07402-GSS2, Se = 160 + 40 pg/kg)# 17/
P, A RIACR 91.5%~107.1%. 13584 55
SrbiE% Zhao NPV 7k, (10,1 mol/LYHERR —
S A FEBGR BEBUS AN L 5 V30T 5

1.3 -3k AR /B
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HLEL10045£k A TR 422, DT 10052 LA FE i, XF
SRR TS . RIPE SRR iR AR
ZE (PF). 204 (Ba). £ E L L (Fu) F4% /46
LR H(OPYE FRASHE, FRHR I A= 16 s R AF I T3
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KA 2 R AL A A8 B2 L SRR R VR 25 A0 001 7
FREP AR T

BAETRE ML= v, x f, (1
iEfE% NCR = Ba/(Ba + Fu), )
EIGTEEC EI=100 x e/ (e + b), 3)
ZEAHREL ST =100 x s/ (s + b), (4)
E/B5%{ F/B = Fu/Ba, (5)
ZHAEIEEC H = -Ygin(g), (6)
WEE T = H/n(S), (7
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Figure 1 (Color online) Distribution of sampling sites. Sampling time: May 2018
Bas, Fuy~Fus;, Om;~Oms, Pr,~Prs) L K b(Ba,, Fu,) AL 2 4

FAL, nf XL AR 2 B2 g 8 i IR A X
FIE, SELHUBIREL, PoEafi M IE IR L.

14 Hiilobr

KRR 2R 7 25017 (one-way  ANOVA) 1 A
[R5 it TR B B AR L LS v A SR A
225, KM Duncanik# T2 HAL, BEMK Ve =
0.05, fiiHISPSS 25.08 78RS 1t 43#r, FIHOrigin
201 73R AR, FET AR 2R HU & 325 (1 Bray-Curtis
HURUPEAEFE, FIPRIMER 5.2 84Kl dF i it 2 4 R
#:(non-metric multidimensional scaling, NMDS)53- 7 /4[]
il 1 T Rk B IR 450 25 5. [T FHRIE = corrplotfil X}
BT R MAEFR AT 1 B IR ARAHSCHE M R4 4.

2.1 NS ERIE

9 TG 5 A AT o DL R 2. SRR, R
FHTE100~900 pe/kgiwF N, FHIE K360 ngkg, H:i
TH L - S S4 006 5 (400 pg/kg). ARIEZEZEEFITK G
PO A R A AT AT RO, TR
fICHIG +43(<100 pg/kg) KA +4(100~200 pg/kg).
fifi +-33(200~400 pg/kg) FHififi 3 (>400 pg/kg). AHFFE
IR SR AT A AR (n = 8, i HE17.8%) HlG
H(n =23, diLL51.1%) ISR (n = 14, (5 H31.1%). +
BEAT RO & R AR 1.2~43.9 pg/kgIE B A, SEHH N
17.4 pglkg, F 30 & HoRN0.6%~15.0%, FI{H M5.1%.
W AT 55 o, A AT S R BN (P < 0.05).
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Figure 2 (Color online) Soil total and bioavailable selenium contents. 100, 200 and 400 pg/kg were classification limits of soil with selenium

2.2 LRGSR RRAE

K2R HUEIE HEA TNMDS /3 #T, i &R /R (Kruskal)
N JER0.18, IR BNEBIRA I G K. AN [R] E £ Y o
RFARFE S EREAR, 52 (AR B8 3R 22 R (1A
3). SGEARERWL, AN i, ORER A IX o)
IR0 i i e S = i e = = N2 | TSR
VERALENN 5 f 52 B O RIS 25 25 57 i 3

FERTA 3RS TP I R I3 B L R (K4). B4
LA TR R AR R, w4 A 11
JE; B E R A B L R R, AR Y 43
SRATSFIAJE . TEMRARZE N, AL R 30)E; FhitzH i,
AL M27)E; AN, A%k bR24)E. BN
LR g SRR I8 (Hirschmanniella), TEAGHG. il
I ZH AR AR ) R 42.3% 52.7%F151.2%. Ul
T 2R J& (Acrobeloides) F1 22 R J) J& (Filenchus) 7 Il
AN R, 7B 11.0%F110.4%, 78 F ilZE AT
FEEW/NE3.3%H12.2%. [T & (Protorhabditis). HFF
J& (Mesorhabditis)~ ¥ J])@&(Aphelenchus)~ ¥ 5%&H
J& (Aprutides) F1% J& (Pungentus) FEARARG K Fhifi 2H 9 4H
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ANTRVAR 5t 2H B 2 SR FEARXT B WL R 815, R[]
c-plAML ST, cp-3 ML HIERE, HARXT EREETEAR
[T 2 G2 ]34 51 64.0%~76.2%, FHk Kep-22587E, M
X H20.7%~35.7%. cp-1Hlcp-48 I Fi A 250E, &
HH D, AR Hep-SIIZH. cp-1. ¢p-3
Fecp-42k HUMIRE 3 B2 7 AN [R) Al 25 2 4 1R) G (. 3% 25 5%,
ARG £H cp-2.4% HAH X = J32 408 25 v 7 e i 20 R v il 2
(P < 0.05).

B A PR PP AL SR, X R
67.6%~80.8%, W J& AHXF = BB R UM A B A R 2 e
Ba. B H WL HFu, Z+- B REEE0oPR/D, (KAl
B SRR, AL AL R R TR -Hl
B I F S AR e 25 5, midlh R
Lk L Fuf X 3 B B AR THIRANZL(P < 0.05).
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Figure 3 (Color online) NMDS ordination of nematode community in
soil with different selenium levels

100 g T, FPATIZH ATl 2 2 bR 2 1 2 v I 4,
35 h470.57F1543.66 ind/100 g+, KALIF/BIE Ny
0.52, W& Tri 2 A A2 AIRARZH . rhliZE A
Tl 4364k L STAr 51 M 69.83 . 48.561243.40, KL SI

0 TR R A2 A B A SR B
N [ 5 e 2] A ) T J 2 2

2.4 FEPES

REAREE il AR . pHAE 7K i) Sk
TRPRCE R . JmERE. R BEFE A SR T
Ktk ofr, TREfEEIGNT (#l6). I 5 JmZe AR R
R M T 2 G S AHOCOC R, MG R B —0.335
P <0.05); 4 EJE(Chronogaster)2k BAHXT F 1 5 13385
G R A 355006 5 e ¥ B W S AR ARG G R, (B 51 R 0.446
(P<0.01)#10.339(P < 0.05); [FI£H, MW & (Prismatolai-
nus) 2 AR = B 5 38 SR R AT 50T et B O
MFFEZR, HESHIN0.375(P < 0.05)F10.312(P < 0.05);
JFFEE . HAEE . Sk E (Cephalobus) PLLE4 R
(Anaplectus) ZRZEJE (Plectus) % MEET 8
(Psilenchus) .3 % pHA 3K 4381 (P < 0.05).

2t JR 0 b M R SR AR A B I TR A O
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Figure 4 (Color online) Relative abundance of nematode genus in soil
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Figure 5 (Color online) Relative abundance of nematode taxa in soil.
Letters a and b represent significant differences on soil with different
selenium levels at 0.05 level

0.01); £ F TR Lk HPwhfIXT =5 B K F/BAE AN 145 i 7
TE 35 A, HH 2900 —0.307(P < 0.05)F1-0.338
(P <0.05); ZEFFEESTA -3 Rl S A G E R, r{H
#—0.521(P < 0.01).

3 Wie

P EM IR B, (Bt AE2), ZRIF
Jir R MR X, - HE S B R 10~5300 pg/kg, -3
B 184 pg/kg”. TITEBIAL B Y —Sei rh 2 b X,
bR B ] 35594380 pg/kg™. RS X B -
i, LIRS G, BT ORIREMIX. K H 4%
F RS E AR TR, B T R, AT
AT AE — LT RN AR A A

Bifl AT AT R E b 0, AL A R TR B
AR, FETEAM G v B2 Y 9 (100~900 pg/kg),
S5t ] DA F 4 Lk i ZAE A K. WeissHlLar-

ink"xob A FH S VR N T RRIIS VRIS, AR g
B 198 me/kghi %360 mg/kg, 3Lk dUM EEE W
4481 ind/100 g4 %7216 ind/100 g +. Georgieva
2 N\ FiBakonyi®s N U &, X T RER
T 040 it PR R SR A A R e, T [ 22 i A
FTFAE LR BRI TR s 0. TEARIE G, 5
RS AL R R E g e R E I,
SENE AT LU, A FACAELL, S & g AR
JEZR R AT, VAR B 4 HGE W IR A A, Xl
T IR K R - L M K 2R 55 P9 B R A
VB g A A AT = B A A8 AR AR il 5 i 25 A
B E R MRREIE VR A, (R ) S s2 i R A R
E A A AR E A A K, Rl
LR RN, TEE A, TR A Tk
R, F A K e A, ™ e
LR U R R BRI R, S RS
RGUEREZ BT, LA e i, A%
R Sn R B FE AR L. R, SRR Er
AFDGE /e 36t = B RT AR S 2 W 6 s o W ) 4 498 =7 4
E. e EaEEY4(Cu. Pby Zn)IRGH 35, A
YRR, 045 g (Tobrilus) ML JE (Hemicrione-
moides)FIXF 31 B F /WY, X PIRRLE BT T4
JE 15 YRS R A . AN R R Lk HUE—Fhe-pfH
AN, [ IZ A T AR 3 rh. BT, &
4 e R T {2 T UL 5 T 4 T ) A K B B
He, BRI M G @k BEAR DY, Lass AP mrse
g v e 4 S V5 Y - 3 R UL R I AT
ARG Yt ARWFFED, A TR AN Al e, =
2 - 3 AR 28 £k HR AR R, UL S Rk
AEDXF 2 3 LT 22 8 25 SR DG OC R BB 8L 52 J ]
RS X AT AR 0 £ H I, 76 7 4 v W A T o - 38
DA AT i, et AR T = Bl 0 2 i 4k o
FIpH K A S K EAEAE B E M, AT VE A
) BR824 F /KR BT A 9 AR 0 R . ARG

1 FRAMEETIRERBEEESEY
Table 1 Nematode ecological indexes in soil with different selenium levels
TN F/B H S TD J MI ST EI NCR
fRAZH 24937 0.52* 0.80 15.63 a 1.63 0.63" 2.64" 69.83" 85.60" 0.66"
AL 470.57" 0.34° 1.14° 12.48° 1.64° 0.66" 2.74° 48.56° 89.12° 0.75"
TRt ZH 543.66" 0.32° 1.29° 11.07* 1.79° 0.61" 2.59" 43.40° 86.17" 0.76"

a) TN£k U85 3 (ind/100 g T 1), Fika. bAN[FFIRLLEETE 8. 2% F(P < 0.05)
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Figure 6 Correlation between environmental factors and nematode indexes. TSe is soil total selenium content, BioSe is soil bioavailable selenium
content, and WC is soil water content. * represents significant correlation at 0.05 level, and ** represents significant correlation at 0.01 level

BIZH, RN 22 FE 5 I SR 2 UM 2 BEl/ s, HURIZER
R AE A P A PTG BRI, R AT A
A5 2 W HC G il i o o i . 38 S i AR T
2L SRR X 2 B VAT A e 2 TEAR DL, X g
SRR, TEIEEIX R A, WNREVE A fi U R e %k
HAE R YTH.

TR A4 E TR B 7 A B TEATRY
BYIMSER, TEAFc-plEla #9707 R T2k HUR Y
AR LR, ASHTTE R, SR e, 2R
IIATAFAE 525 5 o ep-2 92 B S B LR SR Fu )
A BURR. AR TARAN L3, cp-22k i AE il L4
FEOS B2 BRI, cp-22k HUMIX = ERRAR AT RE 2 1h T
AR AEL T 5 o 1 2 2 £ I e 2t AR X 2 B T s Al
4, X PN JUR e-p (B4R 2. AR TARAMZH, =i 1

B FH 2 P R 28 TR, HLFu Bl
2 REFHSCHE. SN A dUE X Y
BES 5 LY MBE RN, B P uA
PR, T RES b B 3 A 2 A A LT it
T, JBAE A HETRMGER. B R Lk OGR4 i 3t ] fig
JEIE 5 R A A AR PSR BRSO R A
ARIVEF, AT B PR T R B A,
WM LR RN, U BoRTEit gk b HH 5
PRBCI EA TE AR, A SO 2 B LA
PIAZER Ty, DRI, 3 P Rl e JEE B8 i T e 2
SO T SRR, AT [R5 B0 R BUFu At X
S F/BIE U],

BRI ISR F AL, 2 i) 2 Fp A S F8 8ot mT
AR W IR R R Z R SE A 22 5. A
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AE A AT W, SC0 2H 4 3t N5 (5 mg/kg) Mok
(20 mg/kg)3 A JE, AL TXTREL, + ek du g etk
TERH . YIS ET RO F R E S TDY B 35/ N
MAFSE Y, SR i Lk USRS v %k
H'\ 5T B SRR TDI B 5. X
A RE R T S S e A R, B A A
Fe/NTFEREIRENGE, Bl & R AR AR X
SO R B, ZERIFE RS TR R R
SEAARED FEARTIS T, kRS RE RS TR+
HEO A i A OG, A A R, 25 AR BUST
I, X ATRESE T —R o Xl UsR i -3 sh s,
M4 EEE, FNEYINE R, SRATNEERE
W, Lidg \PImrs s, sz aminieny b 4e -
T PEL ROPHYIB/DBIH A FEAIL 1 I I iy &2 2%
P, FEEEHTEESUHERL. 58508 M e
YIMZ 2SN, EYIZ RS, ISR G RENE
WS, AR AR AR S RGO A U .
R, fE—ullpy, o LURI S te 5 SIE N A Mide
FrAg /s e A X B A S R G A T TR
. GEIEFEHINCRIE /S SN AP fRAR. tlAE
TEFEEOTC A, R R i T B IEFEENCR
KTF0.5, F8/n T4 2o R AN . — ROk, KRS
oK, MEBUEZ T HE, FrLAKRE %, f
WUBR M AR 2o . i 2 N2t i
TEFE RN CRES FAl 3 B /KRS -3 rp 2L 5 R AN A .

5% 3k

SRR RUETAT LS ke 358 2 ) I 5 5 ey A P 1 A
PGB A, RGN,
EHMIKTY TR AR I e-pla™, ABFITH TR
FERIN c-plE 23 AL B 36 2 o, AR AL
BRE2~3 2 [H], A ANZ R Bt G e 2 ARG

TERMAS RS, KENIERE L, LR
pH. /K it BB A0 e S 2 R 1 g
Hh, R EpH K F K M Z AL B bR BT AT,
WUESE T LA O 2 R AR . ARk Y
WE5ErR, S8 TR AIGRACADITENE, AT LU S 2k
Bl R MR, A b e T 30 2k Ul 9 7 &
2R /R R, S8 AT LS R e A0 i AR I, &6
o LB N Lk ORI A T 0 AT

4 e

FE T 5 5 100~900 pg/kg it [l P4 A R AR K e 3
h, MRS EAOIE et TR . E R
WA Jo A0S = B B B, S 3 AR DL 2 J A X
JE. BHEELRFuMN FEE . F/BIE S48 B SIH.
FALE TR, A2 /KR sk dog FEhg o, H +
S msitaffl, Rt PR IR, LRt
FA B N, 2 BUGRETRON EKRE A S R R
AR B —E RE /R T, SO 2 J 4k HUA R g
R KRR B KA A AT 1 IR b, Xk Al KA
ATV E BB
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Selenium is one of the essential trace elements for humans. Adequate intake of Se may reduce the body risk of some types
of cancer and protect the liver and resist oxidation. Agricultural products are the main source of selenium for the human.
Therefore, the development of selenium-rich agriculture is of great significance to improving human health. However, no
research on ecological security assessment in selenium-rich soils has been carried out yet. Soil organisms are the primary
regulators of the soil material cycle and energy flow process. Soil fauna has been gradually used in soil environmental
quality monitoring with widespread attention to the diversity of soil fauna and its ecological importance. Nematode is the
most abundant metazoan in soil, and its community structure and diversity indicate energy flow and environmental quality
in soil ecosystem. In this study, natural Se-rich paddy soils (100—900 pg/kg Se) in Guiping City, Guangxi Zhuang
Autonomous Region were classified into three groups (low Se group, medium Se group and high Se group) for nematode
communities analysis. Non-metric multidimensional scaling ordination of nematode community showed that soil
nematode community structure in different groups was significantly different. A total of 31 genera of nematodes were
found in all the samples, and the sensitive nematode genera (Acrobeloides, Filenchus, etc.) exhibited different distribution
among the different groups. Compared with the low Se group, the density of nematodes in medium Se group and high Se
group increased while the relative abundance of ¢p-2 nematodes, the relative abundance of fungivores, the F/B value and
structural index SI decreased significantly. Correlation analysis showed that nematode density, the relative abundance of
Chronogaster and Prismatolainus increased with the increase of soil Se contents, while the relative abundance of
Acrobeloides, the relative abundance of fungivores, F/B value and SI decreased. In conclusion, selenium increased
nematode density but simplified soil food web with inhibited sensitive genera. Our study primarily demonstrated that a
high soil selenium level might bring a negative effect on nematode community in paddy soil. It is necessary to regulate soil
selenium levels to protect soil biodiversity when utilizing natural selenium-rich soil or fertilizers to produce selenium-rich
agricultural products. Additionally, considering the sensitive response to selenium, nematode could be used as a
bioindicator for natural selenium-rich paddy soil management. This study provides a reference for the scientific evaluation
of ecological security of natural selenium-rich paddy soil. For further research in the indication of nematodes on soil
selenium, biological and abiotic factors of the soil should be taken into account in this system.

paddy soil, selenium, nematode, structure index, Acrobeloides, bioindicator
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