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Effects of imidazolium —based ionic liquids with different hydrocarbon chain Length on growth of maize
seedlings

YANG Miao', HE Jun-ya', SUN Yu-zhou', HAN Zhao—xue?, CHEN Xiao—hong?, LI Ya—jun", WEN Xiao—xia""

(1.College of Agronomy, Northwest A&F University, Yangling 712100, China; 2.College of Life Science, Northwest A&F University, Yangling
712100, China)

Abstract: lonic liquids(ILs) are considered as ideal solvents in various chemical processes including organic synthesis, catalytic reactions,
and separation engineering. However, the hazardous nature and poor biodegradability property of many ILs increase the risk of becoming po—
tential environmental pollutants. Studies of the toxicity of ILs on crop growth could help assess the potential risks of ILs to field ecosystems.
Maize has the largest planting area in China. Herein, the effects of three imidazolium—based ionic liquids ([C;mim]Cl, [Cgmim]Cl, and
[Csmim]Cl) on the growth of maize seedlings, as well as some physiological and biochemical indexes, were analyzed. The results suggested
that the three ionic liquids had significant inhibitory effects on the dry weight accumulation of maize seedling roots and shoots. According to
the logistic regression equation, ECs, of ILs for inhibiting maize showed a tendency toward an inhibitory effect: [C,mim]Cl <[Csmim]Cl <
[Csmim]Cl. In addition, shoots were inhibited more than roots. Antioxidant enzymes play central roles in plant defense against reactive oxy—
gen species(ROS). The activities of antioxidant enzymes (SOD, POD, CAT, and APX) in maize roots and shoots were analyzed. Generally,
the specific activity of the four antioxidant enzymes declined with an increase in IL concentration when exposed to the three ionic liquids.
The contents of malondialdehyde( MDA ) were significantly increased. The results indicated that oxidative stress may explain the toxic effects
of imidazolium—-based ILs.
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Figure 1 Effect of three ILs on morphology of maize seedlings
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Figure 2 Concentration—inhibition rate curves of three ILs

treatment on the growth of maize seeding root/shoot

R B B SRR , TR M S D R A5, T A )
PR B AR IR AT T RIS SR, =Rl
TLs Xof & R MR 25 A K A 400 1 1 22 B4 [ Camim ] Cl<
[Comim]CI<[Comim]Cl, EIUEERACEE BB, TEpim .

& 1 REIRE[Cimim]|Cl 4bIE X FRIR/ZEHAUEERAIFIT

Table 1 Effect of [C;mim]Cl at different concentrations on antioxidant enzyme series

[Cimim]C] ¥k i/ SOD i 10 -mg™ B H POD HiE S1/U-minT mg? 4 CAT HEJ)/U-min"-mg? &1 APX HIE J1/U-min™-mg™ B
mg- L 1 % A % 1 % Ui %
0 48.8+0.7a 14.4+0.7bc 1593.5+12.6a 85.6+3.3a 2.27+0.96a 1.83+£0.39a 91.8+12.4a 22.7+1.2ab
200 42.8+0.4b 15.0£0.1b 788.6+3.7b 67.4x17.8b 1.86+0.16ab 1.49+0.40a 85.3+£3.1ab 20.0+8.3b
400 39.6+3.0b 13.4+1.8bc 654.2+36.7b 59.1+£3.4b 1.16+0.34b 1.56+0.05a 81.8«13.1ab 26.6+5.3a
600 25.6+0.7¢ 13.1+0.5¢ 596.2+36.7b 53.6x1.7bc 1.58+0.10ab 1.45+0.35a 70.3+4.6b 19.9+8.4b
800 29.1+3.1¢ 16.5«1.1a 737.7+56.4b 38.8+9.0c 1.89+0.10ab 1.49+0.26a 84.1+2.1ab 10.4£2.9¢

T FFIARR NG FHE30R 0.05 KF F2R8E. TR,

Note: Different small letters in the same column represent significant difference at 0.05 level. The same below.
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Table 2 Effect of [Csmim]Cl at different concentrations on antioxidant enzyme series

[Cemim]Cl Y i/ SOD Hi& J3/U-mg™ [

POD G J3/U »min™ - mg™ 251

CAT HIE /U minmg' 251 APX HIE /U min™-mg™ 25

mg- L™ i B U B i £ R £
0 48.8+0.7a 14.4+0.7¢ 1 593.5+12.6a 85.6+3.3a 2.27+0.96a 1.83£0.39a 91.8+12.4a 22.7+1.2a
10 35.9+3.0b 13.6+0.6¢ 1 267.1+24.3a 73.3%5.0a 0.66+0.14b 1.49+0.67a 84.3+14.2ab 8.9+0.5b
20 26.5+10.1¢ 16.8+1.2b 908.1+63.3b 47.2+3.1b 0.76+0.42b 1.66+0.50a 59.749.2¢ 6.0+1.7b
30 28.6+2.8¢ 18.9+1.6a 754.7+56.7b 37.6+7.7b 0.46+0.20b 1.39+0.44a 71.8+6.6bc 6.6+2.6b
40 28.2+1.0c 14.1+0.8¢ 656.5+34.5b 53.5+6.7b 0.47+0.16b 1.60£0.29a 72.5+3.1abc 7.5+4.3b

R 3 AEIRE[Comim]Cl B3 EXKIR/ZEMELEE RN

Table 3 Effect of [Cgmim]Cl at different concentrations on antioxidant enzyme series

[Comim|Cl )i/ SOD Hoi /U mg™ 11

POD tti& 71/U *min- mg’l EH

CAT [:I_’,?ﬁj]/U'min"'mg’] ®IH APX [:I_’,?ﬂ‘jj/U'min"'mg’] EH

mg-L" 1’ e # 1’ % # %
0 48.8+0.7a 14.4+0.7a 1593.5+12.6a 85.6+3.3a 2.27+0.96a 1.83+0.39a 91.8+12.4a 22.7+1.2a
2 26.2+2.6b 13.2+0.4ab 764.7+43.8b 58.5+3.1b 0.42+0.22h 1.30+0.23a 91.2+0.7ab 4.1+0.8b
4 26.5+6.7b 11.8+1.1b 758.3+42.8b 63.4+7.2b 0.47+0.31b 0.96+0.24b 77.2+8.1abc 2.3%0.1¢c
6 24.9+1.6b 12.9+1.0b 588.7+69.5b 55.9+7.3b 0.39+0.26b 1.04+0.13b 68.4+7.6bc 2.6x1.1bc
8 24.0+5.0b 7.8+0.2¢ 720.3£2.2h 69.8+3.3ab 0.62+0.11b 0.92+0.58b 65.1x19.4¢ 2.7+0.4bc
R 4 ILs W ERREB MDA S ERIFNT
Table 4 Effect of ILs on MDA contents in maize roots
[Camim]Cl ¢ J&/ MDA 5 £/ [Comim]CT ¥ £/ MDA 5 &/ [Cymim]C1 ¥ £/ MDA &4t/
mg- L™ pmol -g™ FW mg- L™ pmol - g™ FW mg- L™ pmol - g™ FW
0 0.003 9+0.000 6¢ 0 0.003 9+0.000 6¢ 0 0.003 9+0.000 6¢
200 0.010 5+0.000 8b 10 0.009 6+0.002 6b 2 0.009 4+0.001 2bc
400 0.018 7+0.001 6a 20 0.011 7+0.000 7b 4 0.011 3+0.000 9abc
600 0.023 2+0.003 9a 30 0.013 3+0.001 7b 6 0.013 1+0.010 lab
800 0.024 0+0.005 4a 40 0.021 6+0.007 6a 8 0.020 0+0.004 6a
&5 ILs X ERZEH MDA FEHIZE
Table 5 Effect of ILs on MDA contents in maize stems
[Cmim]|C1 ¥eJEE/ MDA &/ [Comim]|C1 ¥ J&F/ MDA {5/ [Cemim]C1 ¥ J&F/ MDA &/
mg-L! pmol-g FW mg-L! pmol - g FW mg-L! pmol - g FW
0 0.004 8+0.000 8b 0 0.004 8+0.000 8b 0 0.004 8+0.000 8b
200 0.011 8+0.002 0a 10 0.006 3+0.001 Oab 2 0.007 6+0.001 3b
400 0.011 1+0.002 3a 20 0.006 0+0.000 7ab 4 0.011 7+0.001 la
600 0.009 5+0.001 8a 30 0.008 4+0.004 2a 6 0.013 4+0.001 3a
800 0.011 0+0.001 1a 40 0.006 6+0.001 3ab 8 0.013 4+0.004 4a

ILs XA K A2 m e 52 4 A Fll . Chen S521% 21
[Comim][OAc]ZS AT LIXT/INAZ Cd™pipae e 21 BH I 1Y) 2%
e s R [Comim][OAC] BT 5 Cd> 454 T fi
Elift. Pernak SF"VE B TLs A SHEY A K455
B2 (CCC) ZEARL A &5 4 1 o8 LA AL 1) 2 4
Yo B SEPFSE[Camim]Cl X 3288 1) s I &
B TEBARH BETE LT, [Camim]Cl 754 FHLR T 4R 1) —

BRI xR M ) AR KRB R e e A
Z )5 BT ] X R T TLs X A2 W) R A ST
AIREHA A 2R LR B

PRI H A A R O RSt e 4
FAETETESA(ROS) W) R R, (4% H,0,,~O0H 0; -
55, ROS Jl H ORI T LR SRR S ik, —
B AR R = AT R R TR R



1724

RAIMERF 2R ERIET R

LERRBEELMT B0 k4 ROS it LR, 5
YA & A HEE N, WK AR IR 43T I 2R e A i
Bt AL S IE RO A E PR A R S
(111 SOD ,POD .CAT 1 APX 2§ ) —sudip &4k 5 (4
A HRE OO m ER 55 ) Wi ER B SR A2 1 ROS, fifi
AR AR KT, b e 2 XA ROS AR5
FEAE R AR . — 7 T, 3 e 2500 ROS 1Y
K= 5y —J7 T, 5 W aE ALY B B A BEALAR
iR, ROS WiBRAE 1R 3Z 2 R,
BLEALEE R SR ROS VR B b R ¥4 %
FAER, Horp SOD 2 5% 07 -84k R 0, F H0,°, 11
POD .CAT M= 5% H,0, 43R 0, Fil H,0,APX 25
BB M BRAE A H AT B H0, A RN, ZEATT
L, Bl A s ARPRMR R A3, HR/ZE SOD,
POD CAT Fl APX Fbi& 1 IR S0l Rt s, nr il
SR =F ILs TR/ INRE], (E RGBT AT e A
AHFI A EEMEALEE , RIS BT AL B PR . iR 2R ik
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XMW SPUEAE R GG T RS AT . 25 BT
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XTFE A AR 5 R A VAR B H T S IR
HEAFARIRE RS . B IEBIARR ILs [RHR 1
S B AR Tl A= = i B BEE A, A 6 Tls Xl
AW ZE A5 I A R R FIIR AR -
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