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Eco-toxicological effects of germanium stress on rice (Oryza sativa L. ) and their

critical value
LIN Kuang-Feil’z ’ XU Xiao-Qingz N JIN Xia3 N NI Hai-Yan"‘ yXIANG’ .thl—llil'lgdt (1. Research Center of Risk Assessment

and Management on Hazardous Chemicals, East China University of Science and Technology, Shanghai, 200237, China; 2. Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan, 430072, China; 3. Institute of Biology, Chinese Academy of Sciences, Wuhan, 430072,
China; 4. Agro-Environmental Monitoring Center of Wuhan, Minister of Agriculture, 430070, China). Acta Ecologica Sinica,2005,25(1) :108~
114.

Abstract; Germanium (Ge), a N b group element, exists in soil, rocks, animals, and plants in many organic or inorganic
forms. While germanium dioxide (GeQO;) is the main natural inorganic type, the organic type has three subtypes. The
application of both inorganic and organic germanium is increasing in recent years. Germanium has gradually replaced silicon in
modern electronic industry, especially in integrated circuit (IC) manufacturing; germanium tetrachloride (GeCl,) is employed
in making the optical fibres for high speed (digital corresponding) transmission of digital data.

Germanium compounds are discharged to the environment with solid wastes from the electronic industry causing potential
risks to ecosystem in different levels, i.e. , individual, population, community and ecosystem. Their fate and potential impacts
are so far still unknown. The aim of this study was to determine the eco-toxicology effects of Ge on the growth and scavenging
system of activated oxygen of rice (Oryza sativa L. ). Soil cultures were employed to study the physiological and ecological
responses of rice. Nine concentration levels of Ge (0,2,4,8,12, 15,30,50,100mg/kg) were used in the yellow-brown soil
experiments. The test results showed that a low level of Ge(<{4 mg/kg)added to soil enhanced rice biomass, chlorophyll a,

and antioxidative enzymes activities and increased SOD, CAT,POD, GSH-Px activity, while decreased MDA content. The
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results also showed a high level of Ge (*>15mg/kg) added to soil inhibited the biomass, chlorophyll a and had a stress effect on
antioxidative enzyme system resulting in significantly increased POD activity, increased MDA content, and, at the same time,
significantly decreased SOD and CAT. These results indicated that, under the stress of a high Ge level, the decline of
antioxidative enzyme activities broke the normal balance between production and elimination of active oxygen, resulting in the
accumulation of excessive active oxygen which aggravated lipid peroxidation and thereby caused toxic effects on rice. In pot
experiments, the concentration of Ge in soil showed significant correlation to the physiological indexes (roots biomass, shoots
biomass, chlorophyll a/b,MDA, SOD, CAT). The 10 % inhibition rate of shoots biomass. or EC,,, was found to be a good
indicator of the critical value for Ge in soil. For this study, EC,, was 7 mg/kg. |

Key words :germanium pollution;antioxidative enzymes ;ecological effect;critical value

I ER/E.1000-0933(2005)01-0108-07 HEHAAEE.Q142,Q945,X171 NWIRINE: A

Ge WBEHFEMAHFHNREEF I UVAMEXSEMT ZHNAE,F Ge WEASKRRBREAEARAZXE BELXITL2RESF
Ge BN 30~80t"  HFGe RF U Si AR URFHBL, AR 7 Lk e 2 5E B & BT Ge B Si,GeCl, fEHNE #
MEBREERFEENSKXEXKENAY, B FNIRE S Ge B, & Ge BEYXKEM L BMELETREWMHEZANIRE.
FEE BRI & Ge BB ARBEATHREA DS, A Ge WABEEZIHGIUEESS ., MEERE Ge MEBEDERKEW,
MG ERREMABARNE W, BENIMUERL EEYEREH AR ARAERTHEEEEEFHEPI . L1EH
W MEBEAOBRSE. SNEEYEREABE AENAEEENEHRAIR I mEEEEEA, B AXHFRH
XM ELEREMAMRREETETR . BH . BE RBEMENE BES RS, MEAYHNEREZHNELE.
REIEER ARG, FREE Ge FRIEYHERENEWMAT R GRDME", X ETEBT LH Ge WEREY
K ALK S ESE K SOD,CAT,POD,MDA ,GSH-Px & W IBF5 B 7 Ge MEYWH A LEMEESHEHREIEE, N
TH-HY RGP F Y B A AT RN A BT 5T R IR T R A P A A XUBS PR 1R L I IS AR
1 MHE5RE
1.1 BLilAr st

R AIEERLT . RALSKRBRAR A, 4t LB R pH 6. 46, AHLIE 24. 11 g/kg, £ % 1. 06 g/kg, 28§ 1. 62
g/kg, &8 15.8 g/kg, CEC 11. 23cmol(+1)/kg, & N 85. 2mg/kg, WX P 55. 2mg/kg, #H K 151. 2 g/kg, HWEE 142. 5
mg/kg, & Ge 0.82 mg/kg. AW ER/PAH 5. KEHEAE LGS AT EHAF SR RREE.
1.2 AEEIT

ABRABREERBRELEFERAZK GHT, KB RITEME I NEE, Ge &b % .CK,2,4,8,12, 15,30,50,100mg/kg,
ARER., RBRFRA 35X 28cm® WHKHEEL . B2%K T kg, MEAEEB N —ERENBEB REHSIBMBEL Smm iH)
T+, AR REERE EESGEWN::P:KH15:15:15)2.0g, BRI S5+ BWMBESHS, +IEHEK d G, BRAEHRY, S
4 ,
1.3 SR TE

KBHMEBR 304 5, 5L AL BEAH R —Dh e X 80t 0. 25¢, BHEE S 3K, i 721 A BEJCE it /0 3 W %€ 440,645,663nm
R BEE T EEEa, HEREDHGEEa+b FEHE PEIE (mg/g FWOF, @AY 1L B (SOD) {8 &, #¥&
Giannoplitis 1 Ries J7 8", BgE J7 SLA7 F 30 ) 20 05 s (NBTO 4GB IR S0 B BT B B R . S EALBB (CAT I HIE , R
AR SR 20CE&HT 1min B 1g M B 2RI EAIHNREN TR R . SELYECPOD)E N E , &k H&
8l KRB FERE Y, A H,O, 5, FEHKK 470nm 4 ] GBC-911A %8 4h 0] W43 06 Y6 B it # AT ad B 338, AA/ (g « min)B, R
(MDA) %€ , % FJ Health #1 Packer 7 1%, AEmMol(532~600nm)=1.55X10° #M , 8 {; nmol/g FW., &AM H Kd &Y
A% (GSH-Px) % £ W 5 , # Paglia DE 0%, DIR§ ¥4 /g 8 F (U/g) R BEIE . |
2 ZRE5iTie |
2.1 13 Ge BHEMKBERKHEH

T3 Ge BHRIIR T PHKBHERARER (B DEHMEEKE GeQ~4mg/kO XM KB L HWAERKRFEBRMREHIEH. H+
 Ge JE KT Smg/keg B, X ABEEAE WM, ST BHL,  EHTEOPHESHR 9.16% ., X1 Ge #KiEP] 15mg/kg
i, Xt KRS B (T EDMEFN 37.58% . Ge MAKBBAWAEERBR T EBNAEEFE D EEE Ge(2~4mg/kg) X} R H
KA R o Y+ Ge WRE KT 8mg/kg BF , MBI MER BT, 53 BRAEH ,Ge XKRFHRMBHRRK 9.16% . M=

T3 Ge WRE N 12mg/kg B KFERMHB BRI BEARZ R, WX 10.13%,FRREFKFP<0.0D), HEH Ge &
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Fig.1 Effect of Ge added to soil on biomass of rice a

a Hi FE A Y B Shoots biomass; b BE 4L HE Root biomass
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Fig. 2 Effect of Ge on chlorophyll contents of rice leaves

H 4t % a Chlorophyll a; b M %& X b Chlorophyll b;c
# a+b Chlorophyll a+b; d M2 % a/b Chlorophyll a/b
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il Tt % L4 Ge WeBE 15me/ke B, KM A MDA &R % "o 2 4 8 12 15 30 50 100

VXTI EF T 17- 1%, 35k 8B F K FE (P<<0.01),
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Fig.4 Effect of Ge added to soil on SOD, CAT and POD in leaves

of rice
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Fig.5 Effect of Ge on the activity of GSH-Px in leaves of rice

X AR BTEHNB S, HFE a/b,SOD,CAT AHREFMAMERXGE D, EMDA FREEZNIEAX . HIAT I, HEE
T Ge HHREM  AREYF=EBOEHBIREZ TR, ML EABREKR (SOD,CATHREZ T, MDA lZ EFf.
X1 IRGeREBESKBEERREFERAGE
Table 1 The interrelation among the physiological indexes of rice and Ge concentration
A IS PR (Y) a5 5 #2 s A {E
Physiological indexes Equation § ’ ECy
i E3FE Shoots biomass Y=—2.10X+105 8 —0. 96 % * 7.1
BT & Root biomass Y=—1.99X+4105 8 —0. 96 % % 7.8
H42E a/b Chlorophyll a/b Y=—0.01X+41.98 8 —0. 89 * % 18
ML = MDA content Y=0.16X+45.96 8 0. 96 * % 15
SOD & SOD activity Y=—1.25X+96 8 —0. 89 * % 15
CAT 15 1% CAT activity Y=—5.97X+524 8 —0. 92 % ¥ 10

il e S
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% 1 AT E, KRB A TR HE AR 4+ 3 Ge W5 R A /NS B B % B 6 KRS EAEHR - Ge It FAE HOB

a/b>MDA>SOD>CAT. | el 4 CAT LI, Fig. 6 Comparison of Ge criteria for physiological indexes of rice
Widh FEFEMHES CAT B SURA BRI EIEUR. B = H |34 B Shoots biomass, b. B A ¥ Root biomass,c.
FRMEGABHAELR, BER g5 — ) 5 T 35 KR AE o s Ll M4 E a/b Chlorophyll a/b,d. MDA & # MDA content, e. SOD
B R TR T & W L B T B B fk oy Lo s T2 8 SOD ectivity, £ CAT i CAT activity.
BHEHRKEFEAESES. REEH & EMTEMEH 10%EHR Ge B L His R IE45, EC 0N 7. Img/kg.
3 it
+ RN Ge ZRIABHREY EEE Ge (<4 mg/kg) M/KBRAMB LEVE HE K SERARAER,  FBEERT
Ve B L EE8E 1, MDA FPB%,SOD.CAT.GSH-Px IEHEHN R E . MEEE Ge(>15 mg/kg) X /KBER M E AP R .0
BESEEVBHMEER, ARSI &A%Y, # POD 8 FH MDA F#,SOD.CAT S B TR, 7
BWRE Ge ha T YR P REAERBREANZHRTB THYIRABHEAZESERENERX FERS . RAIEN
EHE, IRMNELESIEEEIEABENE NMXNHEY4EFE.

RIARIEFS 3 Ge bR EZRMHESITER, T EGe kESH EHTEHRAMNELSEZ R TEESE . HEER a/b,
MDA .SOD.CAT Z[BH B E %, LB AR 10 % E R IEIR ECoE R, /EY i b 7T 23 & R AR T =M 5 R 4E
Sy 4 ks FE 6 WK E el 8, ECo o 7 mg/kg.
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