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Abstract ; The single and combined stress effects of the long residual herbicide chlorsulfuron and cadmium were e-
valuated on the growth and metabolites of Spinacia oleracea L. in this study. The metabolites of Spinacia oleracea
L. in different treatment groups were identified and analyzed by GC-MS technique. Combined with the results from
the control group, there were individually significant differences in the detection of metabolites from the three treat-
ment groups. 1) Chlorsulfuron prompted a large increase (* P<0.05) in the content of multiple-amino acids, the
three carbohydrates involved in energy metabolism, malic acid, y-aminobutyric acid (GABA), lactic acid and pu-

trescine, otherwise, an obvious decrease of inositol (* P<0.05). In the other hand, cadmium caused an increase (* P<
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0.05) in multiple-amino acids, five energy-metabolism-related carbohydrates, malic acid and citric acid, however a

decrease (*P<0.05) of putrescine and inositol. 2) Unlike the results of single treatment group of chlorsulfuron or

Cd, the detection in combination treatment group showed a decrease (* P<0.05) in multiple-amino acids, multiple-

carbohydrates and malic acid and et al. Summarizing the results mentioned above, we concluded that the combined

effects by soil residual chlorsulfuron and cadmium could obviously impair the up-effects on the amino acids and

energy metabolisms induced by any single one of them; in addition, the combination effects by chlorsulfuron and

cadmium also did not demonstrate an synergy but an antagonism on some metabolites.

Keywords: chlorsulfuron; cadmium; Spinacia oleracea L.; metabolities; GC-MS
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1 ## 57k (Materials and methods)
1.1 R AR I 7]

SERGHE AT B AR B (L P Sk A
Fil A BRA R, R R | L PE A KR T /NS
X 0~20 cm VRAY 158, SCUG AR RS Sy LA AR
18 cm, HE 16 cm, JIEFRAHEAKFL, #2400 g
BOH A —3 43 1 8 T b ) I, S B 25%
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fe2ER A R A
1.2 SEEGL Rk

HRAE 1S011269-2(2013)!7 14 75 325, I OGS 24 Y
Bk, TR A ZE A A KL, IR E
i 2 mm G, WEE, S, BRI+ pH H
8.08, A AL i 1.21% , FHE FAcH it 254 cmol -
kg, BTN 400 g AYSELG 1, %8 A B[R fE 2
SRS b SCI R v R R E | 4G
ANEERBIN AR, Sl a2 A
J& B ERE 5 MR, T IR S UER A SE LS, Seae AL
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H25+2) °C o AHXHBEELRIFLE 40% ~60% ZIA],

1.3 FESLERBUAL R 3BT S5

FRBGE A Y B K 30 mg T 2.0
FIA 0.5 mL B9 B BERTZK (1/1, V/V), #5482 B 30
min, 10 000 r - min™ 0> 10 min, B 100 pL FER
TR/ AR T, IIA 50 nL $h R H 4 e
MEBERI (20 g - L™),37 °C R 90 min, FEITA 50
pL N-HZE-N-(= B 3R be ) — 5 & BE % (MSTFA) +
1% = W RLERELE(TMCS), 37 C R 30 min, &3]
J& , ¥ 4F GC-MS 2r#r,

ZE[# Thermo Fisher 2y ] DSQ H DU AT AH {4,
HEFT AL, J&W DB-5MS 4045 K5 (0.32 mmx 30
m,0.25 pm); HEEE DR 280 °C ; 2R (He) ik 1.0
mL - min~' , A5, FHEREF 50 CAARF 1 min, LU
B4 10 CFFHE 100 °C,FAAFF 1 ming AAE5r8h 10
CHZE 200 °C, 4445 1 min, LIE5348h 10 °CFHZE 280
C, 5 Ja EEr4P 10 CHF 2 320 C, P/ FF 1 min,
FAER A [E] 4 5 min, #EFEE 1 L,

HL P2 EDE TR L TRER 70 eV B HZR
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Fig. 1 PCI1/PC2 scores of Spinacia oleracea L. in

different treatments
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Table 1 Component score coefficient of metabolites of Spinacia oleracea L.

)2 5 A3 1 2% BT 2
Metabolites Component] Metabolites Component2

WiREE Phosphoric acid monomethyl ester 0.990 &R Proline 0.953

JE R Threonine 0.989 v-ZAF TR y-amino butyric acid 0.937

L7 B¥ Galactose 0.973 N M % 254 Glucopyranose 0.917

FLE& Lactic acid 0.950 4-¥2 3L W EERR 4-hydroxy cinnamic acid 0.924

PR Phosphoric acid 0.932 SEIRMR Malic acid 0.910

filk — ¥ Carbodiimide 0.930 WEBE Sucrose 0.908

%M Glucose 0.924 115455 Sorbose 0.900

JE % Putrescine 0.897 HE M Mannose 0.850

2% Phytol -0.806 H4 8 Glycine 0.833

W BERR Gulonate -0.801 55 HR Tsoleucine 0818

- - D-It i 25§ D-Glucopyranose 0.801

R2 TREMNEBHEREERIENTUDH (mg - g’ FW)
Table 2 Changes of amino acids of Spinacia oleracea L. in different treatments (mg + g”' FW)

N [ Arb B R R e M A (5 % A HE)

The changes of amino acids content in different treatments (compared with control)

o ) o XERe —
HAEMFIIE Amino acid St Rt A% i A% R4 .
Control ) . . RS AE /%
Chlorsulfuron Metabolites Cadmium Metabolites Chlorsulfuron
o o . Metabolites variations/%
0.0005 mg - kg™ variations/% 5.0 mg - kg!  variations/% and cadmium
N4 2 Alanine 0.239 0.139™ -42 0.344™ 44 0.019™" -92
%R Valine 0.022 0.030" 37 0.030" 35 0.021 -7
2258 Tsoleucine 0.048 0.073™ 52 0.074" 54 0.060" 25
Jifi% % Proline 0.001 0.069™" 6 796 0.121™" 12 049 0.055™ 5 400
H4# Glycine 0.022 0.044™ 99 0.047" 112 0.019 -13
2258 Serine 0.149 0.105" -29 0.131° -12 0.080" -46
&R Threonine 0.036 0.107" 198 0.009" -75 - -100
B-N %% Beta-alanine 0.075 0.045" -40 0.035™ -53 0.169" 124
A%’ Glutamic acid 0.026 0.007"" 273 0.003™" -88 - -100
KA E R Aspartic acid 0.044 0.060" 38 0.056" 29 0.068" 56
1 #P<0.05 *¥#P<0.01 ***P<0.001 FR A0 5525 1 0 B ZH 22 1) 22 5 (4650, SURKRER)

Note : *P<0.05, **P<0.01, ***P<0.001 statistical differences t-test (two-tail) compared with control.
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WE A G, MR &8P E T &, R X R4
55~121 1%,

AR | H 2R FN 22 2 R 2 6T T £ B IR i A2
W3 FOCHE I R R . USRI A Y S BT &
R ML AR TR EE TR, AR S /D ET &,
F U SRR A A X H &R B A A R, (EX
ARG 2 AR AT HIER . &8T5 N2
AR AR ML & N R 2 Fh o
ARG YL I G W 7 21 T B0, BD 2 9 3 37 B
UEAh 1P 2B 5E 3 3 W 22 B2 RS2 Al ) %k A ) sl A A=
Yy 38 A5 R N R B AR RPN X 1S 4F
(2010) B AME 22 F IR RE S S Y &, LR
A SR S LA S ST A 1 Y 38 A i 0 S v 24 T
(AR B8, DI AT AR B SRR R 40 A B B A 15 Yot ok
IR = %

ooz 4R ERVE
1.87 . - Bzglﬁ)ﬁyﬁnﬁe
1:2' % 4 1134 Sorbose
1.0 & %’ HEWE Sucrose
~= 0.81 % [ H#%H% Mannose
= 06 .
B '_h‘ 0'6 % ekt Kk
2L o |
L & 005] Y
2E |
h %
& |
L
i %
XPRRZE SURGMEREELE SEAbTRA] 2 A kbBEgH
Control  Chlorsulfuron  Cadmium  Mixed group
[ 2F7LBEEF Galactopyranoside
6-
; /;é\ 4 | B
e
&0 0.084
g
EVE 0.06
Eﬂ 2 0.041
= 0.021
2-b
0.00 T T T T
Xt RZH G REAL A FRALTRA] G ALHA
Control Chlorsulfuron Cadmium Mixed group
[ ] #%ik# Glucose
*?LﬁCalactose
0.254 sokk
x %
T 2 0202
w & 0.05] o
E—0.04]
i é 0.03
<2 & 0.02] ok ok
0.01 iﬁ% I
0.00: 2

MU GURsREAb I ALERAL 434 ph e
Control  Chlorsulfuron Cadmium Mixed groun
B2 AEGEBAERSKLEMRETEVHIETL
T :#P<0.05 **P<0.01 ***P<0.001 F/R b #4525 1
Xif B =2 1) 25 5 (- 560, SURB A3 o
Fig. 2 Changes of carbohydrate and derivative of Spinacia
oleracea L. in different treatments
Note: *P<0.05, **P<0.01, ***P<0.001, statistical difference t-test

(two-tail) compared with control.
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B —E KA S I HERE S G G R T
[ Kieffe Z2PY(2008) W78 45 3 o | 55 M K 1k
HYRR BRI AR A EERER,

WD BT LU HY , SRR e rPos R Y o Y
SN HAT I AU Y & it 2 A 3 (P<0.001) FF
o AT YAEIRA WY ot iy 7 1 B A B A
2R R AR TR R A A S5 T R X B BT
ip=Al0N

M 2b AT LA H 2 FUBE R 3 S rh e — A
SR ZUBET AR, HoAE S e A 38 T b 3 AR 4k
R R A B 11 B U)X BB ALY 93 5, H G154
AR IA T REAS  ABAT R XS BRZLAY 59 £

&l 2¢ I 7 i 26 W I F FUBE AR AS 7] b 2 v ) A
RSB, AT, SRR R A A 525 T AR Ad
FRFNZ A AL HEN 80T 2 R RS0 B R,

Zi L2 RR MY Z BRRNS Yeaa i B

BRI AR ARE AR, B2 Fs Y mE
BB PR AR K AL G W) T AS S B R = Y
RFR R 2 5 Y Z RIS PMRIVE AT A B 2 Fh
YA ER K AL P (0 B8R 1 R BRI S T, i
HLIBEMNA T S R — RN BT R, a0
AR (G5 S0 T DS B R
AR, I 7 Ry R B 1Y AE R A
R e R A 0y 4 FHR AR B i — A AR
Zabalza(2004) %5 P iF 58 3 B AR bR T 5 AR 3 e 7K Ak
BV R RN £ W FLER A U (ALS) SRR B
FR P 3 A BN
234 A[FEACFEA LR & =R

T LU — A 10 2 FRAE 2 A AR A & = 8K
15, 3K AT BB R AT LR ZE A 1R 9 B AT Y AR
DIREFTHCE W, A ALIREE T 6 & 18 F g £
FH 3BT A ACHHE M T, P85 83 I, P i
EAIN] R (VPO 37 S o 1l SER D WS E SN
MR-t T A Y- TR s BAE AR AR L
HURR SR AE N AL 5y S S5 P B AN A 3
AP S RS R 3,

®3 TRAEBEFRFAENBERBEYESEETL (mg - g' FW)
Table 3 Changes of organic acid of Spinacia oleracea L. in different treatments (mg - g FW)

AT A BEAT LR 35 o S A (5 % A LE)

The changes of organic acid in different treatments

A LI PR Xt B

. SRk R R Ab/% ] Rt/ SEEREHR AR AE%
Organic acid Control
Chlorsulfuron Metabolites Cadmium Metabolites Chlorsulfuron Metabolites
0.0005 mg - kg variations/% 5.0 mg - kg”'  variations/% and cadmium  variations/%
SEIRMR Malic acid 0.059 0.126™ 115 0219™" 273 0.143™ 144
FrEEIR Citric acid 0.085 0.068 -20 0.241" 182 0.158" 85
2-F TR . .
] o 1517 1617 7 1.753 16 1.720 13
2-Amino butyric acid
- TR . * *
) o 0.185 0215 16 0320 73 0.230 24
y-Amino butyric acid
4-FR IR
o 0.010 0.011 14 0.011 10 0.011 12
4-Hydroxy benzoic acid
FLM& Lactic acid 0.242 0.367" 52 0.082™"" -66 0.070"" 71
K HIR Benzoic acid 1313 0.028"" 98 0.759""" 40 0079 04
4-FIE MBI - .
] 0.007 0.007 1 0.135 1855 0.017 150
4-Hydroxy cinnamic acid
TIEHERR Gulonate 0.006 0.005 -19 0.0417" 618 0.050"™ 287
B2 Saccharic acid 0.004 0.003 -29 0.030™" 684 0.021"" 451
F75%efiZ Hexadecanoic acid  0.024 0.025 4 0.065™ 164 0.070™ 186
+/\ MR Octadecanoic acid  0.026 0.025 -4 0.009"" -67 0.006"" -76

1 *P<0.05 **P<0.01 *** P <0.001 FE/RALBILH 5525 (0} TR 22 1] 22 S (A0 56, SUB K)o
Note: *P<0.05, **P<0.01, *** P <0.001, statistical differences t-test (two-tail) compared with control.
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M2 TR, 5 xF B ALAH Eb, SRR R | A
BEGEBEFVIRR 2-2 TR y-2 5 TR
(GABA) 4-F2 L AR A /S i i & 2 i 3% T,
IR R AN /R i 0 TR, SRR b S 30
TR AN LR B BRI AN B S Y e )
ffRK 2 PRI & i B35 TR, FLIR BA7E 4
P, SR AR AL, R B, v TR
BRI T E R R AE FIE B, W & IR % ik
ARk TREZ M, ¥ aes ] EEY AN GA-
BA /KT ARBEF AR R TSR, A
TR 4 S A5 435 1 T3 SR I GABA 7K
Thim o SERER AR R R R P9 = R R IR 2
ol LA LR , GG 4 A B S S SR i 5 T
T PP EIR B i 0 T s AR AN A2 5T G IS 2R
PR FFP I IR 7 s[RI 3 LT, M A mIFGT e, 2228
FE )2 BVEREE I, 39 L R FNAT A 1R 1) 53 b 2 F2 2
PIBTERPLIIY 25 R R, ST 4 2 3 i i 5
2% AT BR 5 118 e g A AR
235 HAbW & =281k

S Hh LA I B A 2R 5T 9 B, AL 4R B — 1
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