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Effects of three nanomaterials on the growth and rhizospheric soil fertility of rice seedlings

YIN Yong"?, LIU Ling"*

(1.Key Laboratory of Ecology of Rare and Endangered Species and Environmental Conservation of Education Ministry, Guangxi Normal
University, Guilin 541006, China; 2.College of Life Science, Guangxi Normal University, Guilin 541006, China)

Abstract: In order to explore the ecological effects of nanomaterials in the soil environment, three exogenous nanomaterials (nSiO,, nTiO,
and nZnO) were separately added to the paddy soil of potted rice seedlings. The effects of the three nanomaterials, with different
concentrations, on the growth and rhizospheric soil fertility of the rice seedlings were then analyzed. The results showed that the fresh

-1

weight, dry weight and plant height of rice seedlings treated with 0.5 mg -« g™ nZnO increased, but both 1 mg+¢" and 2 mg - ¢ nZn0O
treatment had the opposite effect. The dry weight and plant height of rice seedlings treated with 2 mg+ g™ nSiO. decreased significantly. The
nitrogen content of rice seedlings treated with 0.5 mg-g™ and 2 mg- g™ nSiO, was significantly decreased. P content in rice seedlings treated
with three concentrations of nZn0 increased and K content decreased significantly. The effects of 1 mg-g™ and 2 mg- g™ nTiO, treatment on
plant growth, main nutrient (N, P, K) content, soil available nitrogen, available phosphorus, and available potassium were not significant.
Soil pH and organic matter content decreased after treatment with nSiO, and nTiO, at three concentrations, soil available nitrogen and
available phosphorus content increased significantly after treatment with 1 mg-« g™ and 2 mg+ g™ nSiO,. Soil available phosphorus and
available potassium content decreased after treatment with nZnO at three concentrations. The activity of soil acid phosphatase was
significantly inhibited and that of catalase was significantly promoted after treatment with all three kinds of nanomaterials, and the activities
of soil invertase and urease were significantly inhibited under three different concentrations of nZnO. Among the three nanomaterials tested
with rice seedlings, nZnO treatment had the strongest influence on growth, nutrient uptake and rhizospheric soil enzyme activity.

Keywords : nanomaterials; rice; plant growth; soil nutrients; soil enzymes
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i 42 18, 2012 4% [ 38 2 SOM 7L A7 1 nSi0. 2
5237, L EEH THF B B ARG
B, Keller St AA TG H 2010 44K nTiO M
nZnO B 743514 83 500~88 000 t F131 500~34 000
t, X PARR AN KA E AT BT B W R O TR
AL RS il e

Bl AR T2 L, AR il i K 25 N
TTAE 36 1 ok 25 Ak B [T B, o X A2 28 R G0 7= AR W A E Y
Fo EJUAE, BN AR SCERIGE T 99K bR 3R 5
AN (A Z B R FORIREEES il b A e
T2 KA R B AOK M b A 58, I3 ARk 25
FGOKNEEH  FH L 2 T KM R A 8. BT
YRR EHE T IE P IT R R R ss  HAE RIS
T T AR, a4kt , 2010 4E 4 BR 2145 86 500 t Y
YRR A L L 25 R AR R B R o ey
10 600 t nSi0,.38 200 t nTiO,F1 8 700 t nZnO?, Gott-
schalk 2558 1< A5 R T +- 38 vh nTiO, il nZnO 5 4F
K R 5 0.3~1.3.0.03~0.09 g - kg A A
7R, nTiO, Al nZnO 7€ 1 P 15 e v (14 & 5t 43 51 35 5
57.0~64.7 mg-kg ' F1433~802 mg-kg' ",

- BE KA L AT R A P A, 3 e R A
JaR B 7 A T A O A T Y ) A A I 4
VEFIXT A ) RO A 0 7 A 5 308 T R i) - 48 78 55
TR A Y R DN S AR ) ) AR K
P 3o 37 S E A LA X SR BRI A B, T
JnE) 3 (1) nTiOo, 23 UE AP 2= A4 P AR SR 40 7, I

(A)nSiO,

http://www.aed.org.cn

S TR 2R 20 I Y P S AR 5 X 55 3Rl e B
JNE] L3 P 1) nZn0 23 FE A EKRAR AT 7 4l v, 7
SRR R A P T A A H R (ROS) 75 4 1 580
Dimkpa S5 V% B nCuO Fl nZnO 7EVD = Hh 2343 5 i
CuFl Zn, FEXSAEY) AR B AR s, R AR A 5 2k
BT I, nTiO X L3 S A A TR G AL T L
Az R B IR RIS R AIG T H R e 2R
ity HPRIL St S BTG 1 . (HAT BRI nTiO,
A LAREAROK RE AR XS Cd A M A, 9/ Cd 7R K A - 9 AR
2,0 CARAP R

I G TG4 KA RE RS - 3 PRI 14 A 2800 Y F
FEAAXFERZ , R, AT 52 BOK AR F 18] R T 8 52
56, 38 3 1o S TS I R AR BB, PR L
PRI R AR KR AR A 3R 93 S 13 NE T Y
SR, LU R 9K bR SR T v i A RO DA
TR A o

| MRS

1.1 RBE

= Fh g K A4 8 (nSi0, . nTi0,  nZn0) ¥ 14 [ % 45
YRR () A RA R . GBS HEE (TEM) B I
K1 CRR S B OK B A R vl it ) HAA P 5T an
1.

LKA SR T 845, K ZF#>90%, 1 AT
PO BB s ik R IR B PRSI AE K R
(ZRZ:110°11'59", 64 25°05 11") , £ FR 2 1+,
RAE 5~20 em TREE ) 48 AEE N RT, RBR/ANVE B
LTI L), 3 2 mm 0545 . Al 4 S A o
A pH 5.74, B HLIT 4.86% , &R 3.37 g-kg ', =Wk
191 g-kg', 2B 16.1 g kg ™'

(B)nTiO,
1 =Fhgy KA R TEM B

Figure 1 The TEM images of three nanomaterials
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Table 1 Basic information on the three nanomaterials

KL S X afify Zeta HL oL KIJHEAR

Name Size/nm Purity/% Zeta potential/mV  Hydrodynamic size/nm

nSi0; 20 99.9 -24.8+1.6 396
nTiO, 5 99.9 =7.4x1.0 712
nZn0O 20 99.9 -13.3x0.4 220

1.2 R FH*

Ay FREL0.5 .1 g Fl1 2 g 4K B4 RHIA 400 mL JC
PRI K HF SR FH R P 0 A0 PR A R A SUHE 400 W 254 R
P43 HE 20 min, 2R )5 #5400 mL Q8K BOR N A 1
kg1 2 mm G (KRG o iR AT, RIAS 810501,
2 mg- g SRNOIG R VR BEEGRA RH 3

T EUAT 10 3 A/ INRR T B KRR R, e A Rk
e, TR 10% (1) Ho0,32 9 10 min, SR 5 G
Kk 4~5 Uk, TG R KR A 12 h, 8 5 A [k B
(0.0.5.1.2 mg-g™") =FhGOKABHY L3R ARG
(B R S XTExE =18 emx13 cmXx6 em) , B 12 L 4f
FARP TR ZE O B8 1200, B 3 RiRh 1, Ak
F3ANEE 304, T 25 CHLE R OB
14 h, &5 10 h) K555 30 d, 5 3 d #Mill—IK Hoagland &
FEW, FF AN 100 mLL, 55 3% 4 0] 45 H 587K 100 mL,
PRI FAENR L N 65%~T5%

5557 30 d YK AE 4 i ] 25 8 oK IE Uk 3~5 1K,
FAM K AR T, FE AR B 25 J5 BB RO 2 ek &, It
7 BV e S, 105 °CA T 30 min, 75 CHET 24 h
ZE i, BOH I TR M TR RS AR 0.21
mm i , R & Qa8 ) Oy g K RE i F NP LK
T

B RE IR KR 0 - 58 R 50 B —3R o KT B
5% B B /K R AR 2R 2o 07 5 2R FH 8 A Sy v -
HEpH A ML A RUA A RO SO R 6
FATHT B T V5 D 3 5k A Ak U L R L DR i A
P P TR Tl 0 12
1.3 IS

H Excel 2003 #b 2 %% 45 , & H SPSS 20.0 1 (1)
ANOVA #4750 R 7 245087, 3 H Duncan 2 8 HL
Wil 25 5 2 4B, Origin 8.0 4],

2 HRESH

2.1 R BIXIKFEL £ KB

SRR X KA 41 A 25 A AR PR A 5
Wi 25 AR (] 2) o 5 ANER IR B X BEAR L
— 738 —
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differences among different concentration treatments (P<0.05).
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Figure 2 Effect of three nanomaterials on growth of rice seedlings
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5¢0.5 mg- g™ nTiO, ) i EFE KA L i bk =i, 43 51
BEAK 7.12% F14.01% ; B MG HR BE 19 nZnO 8 2535 T14))
IR K 9.7 1%, ds b = e BE A nZnO 2 2
REARSI T AR L 23 IR T 8.51% F16.67%.
22 MAMBNKBHEEFRTESENFMN

WE 3 PR, =GR b L nZnO 4 215 K A5
YW NP K =FEFRTREERVE MR, 5T
KAL R A X6 BB AL AR L, W5 045 b vk B ) nTiO, B X 7K
FELII T N 5 3t JC S 2 5 ) 5 S IR L 5 v 9 nSi0,3
S E BRGNS, 56 B A E 4 BRI 10.16%
H118.83%, 1M 1 mg- g™ ) nSi0, 4 PR B N & 1 48
AN nZnO A FEXT K AT LN N & 552 1 5 nSiO. 4
8L, 5 5% BEAH BL I i R B2 A B4 T N 55 i 0 Sl A
10.50% 1 15.32% , H ¥ FE (1) nZnO Kb PR FE AN G N &
TN 7.96%, 55X REA L, PR AY nSi0, .nTiO,
F nZnO Ab BRI HE AN KFE L) 8 P &% 18 (2 mg - g™ nSiO,
AEFBEAN) o nSi0. b BEKFE L) W P 5t bl 5 3
VSISO 38 M0 T 328 9 R AT, L2 5 Ak 3 Ach 381 ) 2
SEHEAR B3 5 nTi0, &b B 5 nSi0, kb BRAE4F A 2, K
LI HT P B A AN N A nTiO, 3G T I 8 4 1
s KRGS P& 552 nZnO S i 535, 5 00 BEM
Fb, A 38 HR s i = Rl BE 0 nZnO 34 535 5 i 4 P
S B AN 12.75% . 20.59% 1 17.50% ., 5 A5
TR KA A 1) 4b BRAH EE , A= 458 HR R I nSi 0, Fl nTiO, X6
IKAE ST K % 0 B 3 5 ) (KRR 4 1 K & 52
nZnO 5Z 00 S 35, = Al B2 A FRAJ T K % 40 S I
15.38% .13.08% #117.08%.,
2.3 kiRl xd kg LR AL M R AR

AR R AR X L 3 pH BRI HAg 22 5
(F2). FtigE L HEP A INE nSi0 1R B i, 43 pH
BHTRRAR, S PN 1.2 mg-g ™' nSiO, A, 13 pH
AR B 5 B A 3 RS I nTiOL R FE 1 o
158 pH &2 E I B LI pH AR & /N TX)
2 5 VN0 B B nZnO 25 14 358 pHL (BIG vk
FE nZnO Kb HEXS 3 pH (2 W A B % . B3P
TN nSiOFEAR T 3T HLITT 5, LB 735 ik 24 () 384
VT HRRRARG , W A 1.17 %~4.48% ; YR I = Fh i B 1y
nTiO A0 H 5 AT HLT & HEH /N X BRAR 3L, e HL2:
I P FE A b B 2 S W 2 43 BRI 6.43% .6.43%;
INI00.5.1 mg-g™ i) nZnO AL LA PR &, (32
WS nZnO MR BESEINE] 2 mg-o ' B, HHEA P 2
1o T BEAR B, (B = FP iR B nZnO Kb 2R A BT &
5 X REAR PR 22 I AN
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Figure 3 Effect of three nanomaterials on the nutrient content in
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S REAH B, WS R R B 1 nSi0. A0 BRI 2
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N 4.88%~7.90% , MU IR EH N E) 2 mg ¢!, L3
A R R T B A B - O
TR 35 P aTiO, RS I3 0 5 P2 7 R A 4
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Table 2 Effect of nanomaterials on the physical and chemical properties of rice soil

R i HHUR AR A A
Nanomaterials Concentrations/(mg-g™") pH Organic matter/% Available N/(mg-kg™")  Available P/(mg-kg™')  Available K/(mg-kg™)

nSi0, 0 6.09+0.01a 5.13£0.03a 258+7h 86.1+0.8b 170£12a

0.5 6.02+£0.02ab 5.07+0.09a 256+4h 91.0+1.8ab 174£5a

1 5.94+0.07bc 4.99+0.09ab 272+7a 90.3+3.5ab 168+2a

2 5.87+0.05¢ 4.90+0.05b 270+4a 92.9+5.0a 177+3a

nTiO, 0 6.09+0.01a 5.13+0.03a 258+7ab 86.1+0.8ab 170+12a

0.5 5.81+0.04¢ 4.80+0.10b 273+7a 90.0+1.7a 175+17a

1 6.00+0.02b 4.80+0.14b 251+7b 88.1+0.5ab 168+6a

2 6.02+0.03b 5.04+0.03a 258+8ab 85.3+3.9b 180+10a

nZnO 0 6.09+0.01b 5.13+0.03ab 258+7a 86.1+0.8a 170+12a

0.5 6.09+0.02b 5.05+0.03b 250+8a 83.0+2.0b 147+18a

1 6.13+0.03b 4.94+0.10b 259+7a 80.6+0.7¢ 165+10a

2 6.29+0.03a 5.28+0.16a 250+4a 79.7+0.2¢ 149+9a

T[RRI AN [R]NE 7 E R AN R e BE AR BRR) 22 57 5125 (P<0.05) .

Note : Different lowercase letters for the same nanomaterial indicate significant differences among different concentration treatments (P<0.05).

Xof 48 A OB B B A IE BT 5 nSi0. A BRAH I
Bl nZnO P ¥ 5385 T - 38 oA e i) 7 i S I
R B a3, 23 AR T 3.60% .6.39% F17.43%., —.
Tl J3E ) = 0 40 Kb AR X = 3 v A RO e T 3
NTE N
2.4 KA RIS L IEEETE R T

WE 4A PR, 5 AU AR An] 40 K B4 R A8 X6 B 20
ARG, =R BB S B 2 e et b A
PG 1 o A S Ak U T 1 B nSi0, VR B 3G %
AR, nZnO 4b B0 2R B 1 35 38 K A #a 3, {H nTiO,
Ab R 22 S OR B . Bl nSiO W BESE AN, - HE R b
T P 2R T 1 5, P APV A T 00 2 A A Ry
PR AR 5 - 38 T 8 5 B n'Ti0, b R v B AR b 1Y)
G nSi0 AL BRI, H -5 X REAH L, 35 i = Fh ik 32
i O, F AN [7) i b 34 M - 38 TR 055 2k , 40~ 310 38
15.54% . 14.21% F17.75% ; 5 %F BEAR HE , nZnO &b 3 X%}
R Tl 2 3 A 50, B 28R 10.59% . 14.20%
F11.75% LS BRI 1 52 nSi0, Fl nTiO, b B 5 1
BN AR AL S X B 2 R (1) 22 AN 2.3 5 nZnO (1)
VS JINORT - S8 JOR B A 7 2 S 2 A A R, B A I
QIO V1 QAR B T By N 1 I B 1 B
17.60% .19.24% F124.52% . 5%} BALBRAH EE , —Fi el
KBBR8 d 2 B AR T S R P IR G P 9 L B
nSiO, ¥ FEIE I, 398 P M 1l e g 1) 3 ekt i e 1
H O 25 32 A U [V0) - 458 1 ol e G 140 3 14 25 S
AN mg-g' 1Y nZnO % 1 ERR P B R 6 1) 16
PEIN IR e =8 17.49% o
— 740 —

3 g

3.1 gkl X AE Y A K B R

YR KA AR X A B0 194 55 T AN S I 40 K Ak
(R BE AT 56, S GOR MR R A 56, F A
WFFE 2 B, it ARG e 32 8 nZnO o K 2 Rl Akl | 3
H R T ot et o BH I 52 M, {H Yt i £ 75 %) 3 000 mg -
kg™ nZnO B} I 2 BEARAE A% T 3 i 5 53 4h, Bl nAg (44
KA ) it i BE 3 n L BT A R G AR B b B3R A AR
AT BE ST F Y TR, PRBEE LI,
Jite 40 K i 349 AS [ R St 36 o T AR AR AR R AR
Siddiqui SRR ST 0, FH 8 g <17 nSi0, A FH 2R 55 A
T, AT DA S FD 7k 28R P 3 k 2RI R 2R A
T T8 H LA Je &Iy i i ot o AT oo . ASBIE Y R AR
VB8 119 nZinO Ab B {68 7K A i S5 Sk R T S5 S S0 T
W FE 1 nZnO i 7K A 6 o7 15 R0 T BT A BE AR, 5 E
HEPOI 28 JEARARL 5 1K | i B 1) nSi 0 Kb B e 6 Jo ot
AT S Siddiqui 2820 25 F AL

FEAE 2 S 5T S PR, AR EE X R A B W i A [
TR MUK EEEE L AOK AR SE T
0 ) B 43.49% F114.9% , W W) AU BR 0 )
PER T 36% M120%, Li %P 2551 5] Wang 6P
A nTiO, Ml nZnO R RS BAR AR , & B0 H AT i 2%
HEARRAR 22 A3t B3 N P K O A IR, A
% & I nSiO, Al nTiO, X 7K FF 4l 1 P AN K 75 & 1452 i)
NGB A nZnO B2 IAERR P P& B REAL T K
i, BRTEPE 5 nZnO 1 nSi0, % K o B
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Figure 4 Effect of three nanomaterials on enzyme activity in rice soil
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