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Effects of ZnO nanoparticles on the germination and seedling growth of four legume seeds

PENG Qing—qing'?, YANG Jing—ya’, ZHONG Min-zheng’, XING Yang-yang’, LI Zi—yan'*, MAO Hui'?, ZHOU Li—na”

(1. Key Laboratory of Plant Nutrition and the Agri—environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling
712100, China; 2. College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China)

Abstract: In this study, the effects of different zinc oxide nanoparticles (ZnO NPs) concentrations on germination, seedling growth, and
zine contents with edible and feed legumes (pea, mung bean, alfalfa, and white clover) were investigated through germination trials. Results
showed that, no significant differences in the germination rates of the four legumes with ZnO NPs concentrations (10, 50, 100, 200, 400,
800 mg - L") compared with the control. The biomasses of pea and mung bean seedlings increased first and then decreased with the
increase in ZnO NPs concentrations, while alfalfa and white clover tended to decrease. Pea, mung bean, alfalfa, and white clover seedlings
showed different sensitivities to ZnO NPs; the dose—response thresholds with root length were 200, 100, 50 mg - L', and 50 mg - L.,

respectively. The four seedlings’ root length decreased with the increase of ZnO NPs concentration when exceeding these thresholds. The
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root growth inhibition rates with the 800 mg« L' ZnO NP treatment for pea, mung bean, alfalfa, and white clover were 68%, 75%, 83%, and

85%, respectively, indicating phytotoxicity. The malondialdehyde (MDA ) content in the seedlings was also determined. The stress effect of

high concentration (100~800 mg - L™') ZnO NPs was stronger for pea and white clove seedlings than on mung bean and alfalfa. Zinc

contents in pea, mung bean, alfalfa, and white clover seedlings increased from 9.17, 12.04, 8.98 mg - kg™, and 17.84 mg - kg™ with the

control, to 83.96, 82.96, 212.48 mg - kg™, and 263.21 mg - kg™ with the highest ZnO NPs treatments, respectively. In summary, the

sensitivity of different types of legumes to ZnO NPs differed in the order of white clover, alfalfa, mung bean, and pea from high to low.

Keywords:ZnO NPs; pea; mung bean; alfalfa; white clover
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Figure 1 TEM scan(A) and hydrodynamic dimension(B) of
ZnO NPs particles in DI water
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Table 1 Effects of different concentrations of ZnO NPs on germination rate of leguminous seedlings

b % ZFE Germination rate/%
Treatments Bt Pea #¢ 17 Mung bean AL EHE Alfalfa 1 =% White clover

CK 85.00+4.08a 96.70+2.72a 90.00+1.63a 89.00+1.63a
N10 90.00+4.00a 96.70+2.72a 90.50+2.04a 89.00+2.45a
N50 90.00+4.20a 100.000.47a 94.00+4.08a 93.50+2.86a

N100 95.00+4.08a 100.000.82a 90.50+0.41a 93.00+2.45a

N200 90.00+4.10a 96.70+2.72a 90.50+0.41a 90.50+1.22a

N400 90.00+4.02a 93.30£0.31a 86.50+2.04a 86.50+1.22a

N800 90.00+4.02a 90.00+2.72a 84.50+1.22a 83.00+1.63a

1 R A —FURRNG 71 R 45 A B R 25 5 8.3 (P<0.05) . T[],

Note: Different lowercase letters in the same row indicate significant differences among treatments (P<0.05). The same below.
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Different lowercase letters within the same column indicate significant differences (P<0.05) among treatments
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Figure 2 Effects of different concentrations of ZnO NPs on dry weights of leguminous seedlings
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TSR R AL CKZE KGN T 28%, Hoaphh AR SE/EAT, Hoirb N10 Zb P I S5 14 hn 1 i &7 SR AE B AE

CK NS Oipme NlOO N200  N400 N800 CK N10 N50 N100 N200 N400 N800
Fet ; 2% Mung bean
Wi 5. Pea

N50 N100  N200 N400 N800 N50 N100 N200 N400 N800
LA E 5 Alfalfa : 1 =B White clover

Es ;f_|_.|:4'f3 ZnO NP%&EEXT_L*‘I'@ E*sz /IL.\EI] ﬂr]

Figure 3 Effects of different concentrations of ZnO NPs on root morphology of leguminous seedlings
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Table 2 Effects of different concentrations of ZnO NPs on root length , stem length and specific surface area of leguminous seedlings

e Wi Pea £ 5 Mung bean
Treatments LilSIS ENIS R R MR LilSIS 2K HRLE R T Specific
Root length/cm Stem length/em Specific surface area/(cm’-g™") Root length/cm Stem length/em  surface area/(cm’+g™")
CK 19.55+1.01d 1.48+0.19a 311+24b 8.08+0.86¢ 4.54+0.10b 331+13b
N10 22.03+1.76¢ 1.50+0.14a 329+19a 8.87+0.33b 4.62+0.15b 335+33b
N50 23.78+2.21b 1.52+0.21a 309+15b 10.00+£0.99a 5.02+0.16a 379+39a
N100 25.48+1.96a 1.54+0.21a 304+15b 9.78+0.89a 5.02+0.25a 392+30a
N200 18.24+1.88d 1.44+0.15a 257+4c 4.89+0.82d 4.18+0.17¢ 313+17be
N400 14.22+1.14e 1.28+0.19a 141+13d 3.27+0.32¢ 3.84+0.10d 298+16bc
N800 6.31+1.02f 1.30+0.14a 109+6e 2.05+£0.41f 3.80+0.14d 288+21c
pham AL E T Alfalfa [ =15 White clover
Treatmonte K =K ML B! K =K H LT Specific
Root length/cm Stem length/cm Specific surface area/(cm’-g™") Root length/cm Stem length/cm  surface area/(cm®-g™")
CK 5.48+0.35b 1.45+0.12ab 1 595+199h 1.49+0.28h 1.76£0.17h 1692+182a
N10 6.50+0.53a 1.13+0.14bc 1 770+58a 2.50+0.42a 2.26+0.19a 1 712+86a
N50 6.64+0.33a 1.25+0.08b 1 869+155a 1.73+0.16b 1.52+0.17¢ 1767+180a
N100 4.98+0.44¢ 1.55+0.10a 1 552+140b 0.79+0.29¢ 1.62+0.15be 1 076+95b
N200 2.47+0.41d 1.13+0.16bc 1 090+88¢ 0.53+0.14c¢d 1.46+0.10¢ 959+60b
N400 1.64+0.12e¢ 1.18+0.15bc¢ 969+108¢ 0.32+0.03d 1.16+0.19d 880+76b
N800 0.91+0.17f 1.10+0.14¢ 598+67d 0.23+0.06d 1.18+0.10d 646+103¢
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Qb PRISTHE N T Wi EL 41 1 MDA & & B & ZnO NPs
W Y T, B S 4 B MDA 5 52 SE 10 S b Y
EF NS0 40 F 5 4 1 MDA & fE e K. [F] A, NSO
Ab BT S G A E ) MDA 5 (B R AR B
5 BUE ZnO NPs 2 FRXT 2846 T 78 41 MDA &
RS AR IS B i 25 R m R (2100 mg - L) Zn0O
NPs &b B 23800 T 1 = B4 ) MDA 5 i 4%
b, B HE (100~800 mg- L) Zn0O NPs 4b 3 %) i
G SENG R oY o] SRS e I e AR VA= i
PAtE SRS

F3 REVKE ZnO NPs BT 4 TS R4 8 MDA &2 HIFM0
Table 3 MDA content of four legume seedlings treated with

different concentrations of ZnO NPs

MDA %+ MDA content/(pmol-g™)

R e Gu BEER Ao
Treatments FESs ~ - —

Pea Mung bean Alfalfa White clover
CK 3.68+0.18d  12.73+0.94a  8.30+0.48ab  4.24+0.44b
N10 4.10£0.34¢c  11.65+0.51b  7.95+0.16ab  4.40+0.12b
N50 4.96+0.62a  13.01+0.46a  7.54+0.47b  3.93+0.06b
N100 4.64+0.17ab  11.75+£0.50b  7.42+0.54b 5.25+0.29a
N200 4.52+0.29b  11.60+0.24c  8.39+0.36ab  5.76+0.30a
N400 4.26+0.21bc  11.43+0.80c  8.88+0.38a 5.75+0.32a
N800 4.42+0.47bc  10.49+0.11c  8.85+0.27a 5.11+0.15a

2.5 AERER ZnO NPs B 4T ERENHESE
= M

R4 AT, 5 CKALFAR LY, BR T N10 A B 51
TR EE S S CK A LT B3 22 7 00, 4 Fh G R4
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ik LhG VERAEE T E MRS R B CK
9 9.17.12.04.8.98 . 17.84 mg - kg™ T+ 5 %] N800 f¥
83.96.82.96,212.48,263.21 mg- kg, N10 &b Hf 147
TP A CKALBRE) 1.6 65, 4k 29 2.0,
EHETEL 4,645, =329 3.84% . {E NSOALFRN , %

R4 REIREZnO NPs B ER S EESENTMN
Table 4 Effects of different concentrations of ZnO NPs on Zn

content in leguminous seedlings

BEF & Zn content/(mg-kg™)

JOEL

Treatments B BE SALE By =
Pea Mung bean Alfalfa White clover
CK 9.17+2.15f  12.04£1.59g  8.98+1.02g 17.84+4.86¢g
N10 14.49+1.32f 24.07+1.69f  41.64+3.28f  68.10+5.30f

N50 25.10+2.05e¢ 41.22+3.10e  107.76+8.21e 131.02+13.67¢
N100  39.97+0.96d 53.27+1.63d 129.51+13.51d 150.35+3.07d
N200  47.83+2.73¢ 60.63+4.37¢ 176.98+12.24c 210.42+8.18¢
N400  75.17+8.65b 73.55+3.94b 193.04+23.70b 236.18+22.16b
N800 83.96+13.79a 82.96+1.83a 212.48+14.53a 263.21+9.94a

SRS S0 = TS R R TS g o B 4 p o
HOF W N10 AR HAY 1.7 1.7 2.6 51 2.01% . [ ZnO
NPs V¢ B ()38 1, 4 %0 2 BHE P 401 6 10 B 3 1 1 in 2%
8, WU (10~50 mg- L") ZnO NPs A A B T 5
FHED A B o i B BIRE 4R GRS T
FKUE ZnO NPs AL BER | (4 = B4l (0 B B R 2

e
3 it

3.1 ZnO NPs Xt #F & ZF4 A KA =0

AR By AN 7] Ve BE 1 ZnO NPs &b B %t 4 Ff 17 R}
Fl—F % 2R 2T 5 0, X6 4 Fh SRR i AR ) 5 )
FAR S PRI S AR o Lin SN 1 & 2R
W D s R AR ORISR YRR 50
TR THE } 2 000 mg- L) 5 Fh 4k AR (MWCNT
Al NPs . ALLO; NPs . Zn NPs . ZnO NPs) /1, & B (&
Zn NPs 1 ZnO NPs i 3 B T R 22 B FOKFh 1Y
REZERAN AR R BEXT 6 FAE P K 256 1
JC B M . Khodakovskaya 26238 o 76 % A Wk 40 K
B (10~40 pg- L) B85 37 Hpill sl e i A 19 & 28
AR R BRI K S RE A5 28 175 T h A 2 A E 1
N FRIK A3 WAL, {853 38 3t o 2 25 R A 0 i S 2 1
Tno AR I o &k B ZnO NPs 20 B S RHE ) &
ZEVIROA W52, AT el R A R R B i RS
7 I B ] 0 K UL [ E AR R IR IR S 2
ZnO NPs B2PE, B 2 Fh A4 AR 5 85 7 3 (i 40
KUk B AR, B ZnO NPs WO THE Bl o
e IERAI TR O RIS Taw D)1=/ A P A S | =
I ) T o o S IR e A DG S R AE A K
REXTAE P A ) i B s AN IS AR ] . Salehi 820 52
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AR B B R B TP S 25,50, 100 mg - LAY
Ce0, NPs, 45 H A5 VR i CeO, NPs 20 B4R TR T 2%
FIHE 37% F1 19% () A= 9 5 o {H Wang 52 & B 200
mg- L7 F1300 mg- L™ ZnO NPs 21 42 K B W0 4
B, BEARE A 850% (0 480 B I 19 A6 4 2 43 ) ek 2 20%
M 80%. L5 b, G ASEURL XA ) 4 ) ik (1 5 W) — Ty T
PRI BEL RS AR e A < A SR IR A, 5 — T v R B A
Yt B G A R i e A . — A A AR P R
JEIRF 100 pg- g B REFR B i, W M 400 pg- o'
Al B E B FE, ARG T ZnO NPs il oh % Z Rk
AR 2R A AR R A AR A A T R4
B A

A, & PR ZnO NPs b FRAEA S0 o
Bl AR R 25 19 4 K (H 5 R (400,800 mg - L)
ZnO NPs Zb BRI T 4 Fh SR AR FIZE B9 A4
[T AR T AR LR TR, AR f KR AR PR T 4
FHEY AR ILT-#-5 1E TP, RIS EE ZnO NPs
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ZnO NPs FL %42 fil 4 i 25 0 ffi A= 32 204027
HWFFEHGE T ZnO NPs [ EEHERON , Wan 55258 1 A
T 2 RV 53t 20 2 7 1 HUAE ZnO NPs Fl Zn® X481 G IF
125 Sk, 45 R E W] ZnO NPs 1 Zo> 830741 T #I55
WA B A K, Zn0 NPs X HLAHH X il 28 KA
SR AR L T Zn> % 23 A 2H 220 B A 0 5 )
YT, {3 ZnO NPs &b B (AR ) LU Zn> kb 31 FE ) g
PErg MR8 FF K 2 . ZnO NPs BRI TP R T 40K
B H B, R Zn WA SR A K A R, Zn
St B ZnO NPs ¥ B 19 = 46 B S T %, 200
mg+ L7 ZnO NPs &7 H Zn™ & B fcm , = T ULk
JE 1 ZnO NPs 27 i 2o & il FhaoeE"™, WA
A TE 20 K 0K 3 3 R AT 00 200 6 AR AR K
Kurepa 252 fF 5% 3¢ B #2 /]N R 458 2K 0 78 TiO, NPs BEWS
HEAS R TR AL, FRRAE W R AR 20 A A% G 2 7
S 57 ", I 550 20 L G R I, DT A o AR
K . Loepez—Moreno 255 12k & B0 5Y ZnO NPs
FER G W PR AW AL 45 R W ZnO NPs kb LAY
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R A 118 52 1 ] B8 2% Fh 40 K 0L AR B A ZnO NPs
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T i AR, T S L AR N i R . SR
SRS TR AR B R AR R, A
o 4 S RHE ) B fE B ZnO NPs ¥R /Y T i 1T



SN ZnO NPs RFUFH ELRHFI T 25 9 K 0 1181

BTG, [A]— b S B A R
KT B GFERE . MY BAFAEA R T ZnO NPs &7
VO AT VA R e, R X 4 R s IR
I 4 @ e 2 1] AR e DL R AR P R i A7
A 11 DR I AS T A 400 %ot A 198 W2 A0 1) R 3550 R A 7 22
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