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Effects of Zinc and Cadmium Stresses on the Germination
Characteristics of Four Weed Species Seeds

WU Yuchen, DENG Xiaoli, ZHANG Jiayang, MAO Xuefei

(School of Science and Technology, Xinxiang University, Xinxiang 453000, China)

Abstract: [ Purpose ] In order to investigate the effects of heavy metal zinc and cadmium pollution
on weed seed germination indicators in farmland soil. [ Method ] Using 4 species of seeds as test
materials, the difference between a series of germination indicators of weeds (Buglossoides arvense,
Silence conoidea , Cirisum setosum and Descurainia sophia) were compared under the single stress of
zinc (Zn>") and cadmium (Cd*"). The subordinate function method was used to comprehensively eval-
uate the tolerance of 4 species of farmland weeds under Zn and Cd stress. [ Result] With the in-
crease of Zn*" and Cd*" mass concentration, the germination indicators of the 4 species of weed seeds
decreased to different degrees, except for S. conoidea, which showed a certain fluctuations in its ger-
mination rate, germination potential and germination index when the Zn*" mass concentration of 50-
400 mg/L and Cd*' mass concentration of 25-200 mg/L. According to the comprehensive membership
function analysis, the tolerance of 4 species of weeds under the Zn stress was S. conoidea>C. cd
setosum>D. sophia>B. arvense, the tolerance of 4 species of weeds under the stress was C. set-
osum>S. conoidea>D. sophia>B. arvense. [ Conclusion] The S. conoidea had the strongest toler-

ance to heavy metal zinc, C. setosum had the strongest tolerance to heavy metal cadmium. However,
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B. arvense had the weakest tolerance to both zinc and cadmium.

Keywords: zinc; cadmium; Silence conoidea ;

arvense; germination

UEAFR, bR G TS YL B K HR L
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X B . 55 U (Portulaca oleracea) ¥ [F] F£ 1£
Cd 8 T R AR L SE = 30 5 R e A5 B
K& Wk (Kochia scoparia) F1HL & (Echin-
ochloa crusgalli) 2 Fh A W FhFAAXT T/ NEFp 4
BRI Zn F1 Cd GE 75 RGeS R B0 .
i ALY 4 225 (Pogonatherum crinitum) AT
BORPYPLET (Pb) MHARE I FIE ERE S . ZRXA
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Tab. 1 The selected weed species

4L weed species #}4 family name

434 distribution

485 Boraginaceae
F17#%} Caryophyllaceae
%%} Compositae
+54EF} Cruciferae

K Buglossoides arvense
FIWE Silence conoidea
HJLZE Cirisum setosum

WEURES Descurainia sophia

#£4t North China
ek, 74k, PiFg North, Northwest and Southwest of China
4=[® nationwide

=4k 44k, Pidb. PF§ North, Northeast, Northwest and Southwest of China

1.2 ARk E

YT 2018 4F 4 H kAT, WEERA . %
B RS RS T, SHEEE TR
—JRUEAR R SR IL AR BN Zo® VR A
0. 50. 100, 200, 400 . 800 Fl 1600 mg/L F¥
Hoagland & F2 ¥, Cd™ & kE R 0. 25, 50 |
100 . 200 . 400 1 800 mg/L Y Hoagland % 33

W BT 25°C. 90% FH XTI B i 1H 8 B 35 46
o, BRIMALY S mL AR IE W, PR IE 4RI
Mo EHKJE 7 d HEPR R R 2] 0.1 mm) X14)
BB ZE RO A3 B R4 70 I GE 1] 4 FhAp 28K
RE KRR, KR E 3 NEREE, BRI 50 ki,
1.3 BdEAbr S5 8T
RPN & ZEBO T AR OCHE b
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R 2 A= 1 25 B R T E0)x
100%:;

RS =(EH K 2R 10 B0 B A8
Y 43 ) > 100%:

AFRS R A =(Ak 33 A - S AR A 0 R SF- 2 AR
£)x100%;

AR 27 =k B3R - 28 27 4K /%) B P 24 25
£)x100%;

AHRE IR 25 K =(4b B 5L IR 25 < /0 BRIR 2
£)x100%;

AHXS RAR A =S P F Ao AR A/ Kb S R e AR
£)x100%;

KM =P G,/ D;s

K, G B F BB (¢,
D, R HAHR ) J 2 g0 it ]

K H Excel #EATH1 0 40 B f s B di g, iz
FH SPSS 19.0 FAF XS A K ZF 1R bR AT SE T 0T
I FH one-way ANOVA 43 #7145 4b B 6] fY 22 5 I &
P XHREFE I R Y R SF R bR ﬂ%Eﬁﬂﬁéﬁﬁﬁ
RIS E, UM HESEHENT ., R
AR 5w PR XT 4 Bk I 24 B b 1T iS5 e
J153#H7 4

d) W5 ZFHL,

Xi - Xmin

iﬁ Xmax - Xmin ;

ﬁ (RXl) =

{ob, O EMZWEY; XS EY R R
BRAIIUSEE s X A1 X 539000 BT AT B R 29
[ANINECONIR IR 2N =18

2 BERED

2.1 Zn. Cd et 4 FpoR M 2% AR YY) R 25 3R
REFH BOR SRR R
2, 301 TEATR &k BN Zn™
CA&*bHETN, 4 Fhfe FIAR B Rh T K255 . L2
PR ZEFE B Az B, FLREE R
() T e AR 2 IR U B RS R R VR S Y
Zn AT, ZRA . FRE . FLSEAERE IR )
KPR BRI W 50.70% . 80.97%. 82.92%
F170.63%, HPER|REES, Hrh Zn o xf
LSRR K 2EF58 M i K
Zo WA R 2 SN R ZF TR ZFRAE 0~
100 mg/L Z [0] ¥ 7C i 3 25 5 (P>0.05), #£ 200~
400 mg/L Z[H] 45 A& 2 e bn 15 i 2 I T B A (P<
0.05); Cd™&b3 i ik B AF 50~200 mg/L T & %K
ON Tl 45 K 2R AR AR 3 3 I T R (P<0.05),
M Zn> QBT R B 50 me/L i, 2 AR T
RHFALL A BRI —F, BE5 (100~400 mg/L)
RHRIEA T (A LT X IR (P<0.05); Cd™
JUp 38 T 2 BP0 R 28R 25~100 mg/L J5t
VO N B S, KPR 50 mg/L Bribik

R2 Zn X4 MREEMALALTR. KFBMLFEBHNTE

Tab. 2 Effect of Zn on the seed germination percentages, germination potential and germination indices of

4 species of weeds during germination

R bR Jet p (Zn*)(mg'L™)

germination index weeds 0 50 100 200 400 800 1 600

FHXABA  6597+575a  56.97+4.36a  54.00+3.32a  41.04£225b  33.03£2.79b 0 0

, FMH SC  63.26£526a  36.99+4.14b  47.97+435b  45.99+6.79b  43.02+4.38b 12.04+2.76 ¢ 0

R FIJLHECS  68.73+6.40a  59.83+6.83b  48.27+4.42b  46.78+7.82c  36.88+3.26¢ 11.74+3.45d 0

FEIRE DS 47.84+496a  42.96+556b  38.75+1.76b  26.61+426c  14.05+2.75d 0 0

FHABA  4770£1.01a  42.03:099a  36.00+2.55a  20.97+3.87b 9.99+1.39 ¢ 0 0

. FMH SC  6147£1.99a  36.99+3.13b  45.99+5.69b  45.99+6.79b  41.04+2.97b 26.1242.77 ¢ 0

oV LK CS  58.83+1.72a  52.1242.09a  47.13+4.32b  22.03+232c¢  16.35+2.19¢ 8.36£1.39 ¢ 0

IR DS 42.74+2.15a  38.83+1.87a  27.45+325b  22.84+3.24c¢ 7.63£2.01d 0 0

FRABA  2031x066a  15.73:0.86a  13.84091b  10.46x1.12b 8.19£0.53 b 0 0

. EMH SC  20.83+2.02a  11.57#0.70b  1431+0.73b  14.14£1.13b  12.82+0.71b 4.56+0.81 ¢ 0

v FJLE CS  19.74+2.69a  1638+1.17a  12.44+1.57b  10.92+0.74 b 8.55£0.82 ¢ 3.74£0.49 d 0

FEIRE DS 18.45£3.04a  14.38£.064b  10.23+0.83 b 6.36£0.59 ¢ 4.26+0.79 d 0 0

: GRKHR; GV. KHFH,

GL K 4R%L. ARG T RN RIS [ S AL PR 2 A 22 57 2. 25 (P<0.05); R Al

Note: GR. germination rate; GV. germination vigor; GI. germination index. Different lowercase letters indicate significant differences of the same plant at
different mass concentrations (P<0.05); the same as below.
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BE R AR AU AR T HAB B =R S (P<0.05), T
55200 mg/L i R B I & SRR B A AN B
(P>0.05), Zn* W38 Xt H LR TP F 45 & 248 br e
100~800 mg/L Jit 2 ik 8 715 il P 35 St e ik e 45 HL 2L
i EMEESR (P<0.05); C& Wi FHRLSEFR 1%
ZEARTE 50~200 mg/L 5V FE O Rl N 25 S 00 I 2
(P>0.05), K ZFHMK ZFHEEAE 25~100 mg/L i
HIREEENZERAEE (P>0.05), Zn”PHHE T
FRAUR e PP 25 38R R ZFAEEUERTE 50 A1 100 mg/L

B EE T 22 A B (P>0.05) Ab, Hofl a4 ab B
R R B R A R 2R HR AR ) 25 5 3 B 2 (P<0.05);
Cd™ e N HE U E Fh T & ZEH6 BU7E 25 A1 50 mg/L
BT E T 2R A B3 (P>0.05), HARAS R
JE PR 0T B W 2 PR R B (P<0.05), 2R K
R ORFFRMKZERRL 3 WHEIR, 4 Pl I bpf
FHIEINPT Zn WRE RE T BRI A L2200
S GNSFRIRE 4 Rl R BT Cd Mt BE
IR RRESN T A A2 >0 ) LSRR IR > 22 RN

R3 CAdX 4 MRAREFLMLTR. LFBMLFEEOTMN

Tab. 3 Effect of Cd on the seed germination percentages, germination potential and germination indices of

4 species of weeds during germination

RFHT B p(Cd)
germination index weeds 0 25 50 100 200 400 800

FHEABA 67445322  47.01£5.09b 3724142 ¢ 6.16+2.56 ¢ 3.04+0.56 ¢ 0 0

. FEMH SC  64.7845.13a  53.1846.74b  46.00£4.67b  54.19+44.85b  47.01£3.75b 20.82+1.48 ¢ 0
oRe LS CS  63.28+6.65a  57.8248.23a  48.73%3.96b  42.14%1.33b  37.5242.73 b 18.43+1.55¢ 0
HIRE DS 66.74+7.19a  56.29£7.32a  40.37£3.75b  32.8442.15b  14.83+3.12¢ 0 0

FHRANBA  48.76£3.72a  42.96+4.86a 1.01£0.35d 5.17+1.69 ¢ 2.84+0.39d 0 0

, ZME SC  62.8448.43a  48.0246.76b  43.98=4.14b  48.02+3.78b  30.64+2.02 ¢ 14.75£1.71d 0
oV FJLKCS  60.3246.10a  49.25£5.90b  41.0443.15b  37.45£1.44b  29.45+1.64b 12.33+1.15¢ 0
HIRE DS 50.25+6.75a  44.25+£5.19a  37.84+579b  20.55+1.77c¢  13.38+2.33d 0 0

FHXABA  20.76x1.35a  13.28+1.01b 0.31+0.11d 0.75+0.21d 3.95+0.49 ¢ 0 0

- FEME SC  21.2941.47a  15.6943.08b  13.71=1.71c  15.99+1.58b  11.17+0.94 ¢ 6.55+1.07d 0
FIJLHECS  2045t1.79a  16.84+1.86b  12.74+2.45b  11.46:0.94b 9.62+0.81 ¢ 4.24+0.89 d 0

HIREE DS 17.3742.17a  1248+£1.75b  11.661.44b 7.39+1.02 ¢ 3.02+0.58 d 0 0

2.2 Zn. Cd BEX} 4 Fhhe B YR A ZF K 1)
Al

AL 1T AT UL . 4 Ff e H 2% 0 A AR AR S AR
XPZERKBER Zn®™ . Cd™ & Wk B i 3 & 2 2 ik
WHEHE, UiH Zn*, CA* YN 4 R B Y AR
FZERTNHIVERT, L3 v 5 sk v 390 ) FH sk
Fo Zn¥ AN 2 G800 AR X AR FIAR X 2R AR
100~400 mg/L i [l PN 2% 5748 i 3% (P>0.05), {HIY
B LT 50 mg/L (P<0.05); Cd*Mhrit FHEEA
FEXTARAC FIARR 2R AE 45 LR T T 2 R
E (P>0.05), Zn™ [P0 T 22 HA X AR TE 100~
400 mg/L 7 [l N 22 5 AN B 3 (P>0.05); T AHXT 25
KA TR E B N T2 5 B (P>0.05),
Zo* 38 T LS A 2R K FE 50~200 mg/L B i
FE T HAG R (P<0.05). HARX AR K FIAH
XFZER B IR T LIE H . Zn, Cd i Xt
4 Fofr 2 BORR A A AR FH I v T ZE 4
YEH o 4 Bl H 2 B AR R B Wk B Zn® e T

A AR A TN 2R A1 AV FH A T 32 A 436 T s > L
KSERESE RN, AR FTREEE Cd™ b T
AR A A ZE R 0 R FH A I 34 A 3l ) L3> 4% R
F> A RN
2.3 Zn. Cd ia Xt 4 Ff ok SOk Y0 AR AR 25 1
Al

HHIE 2 T Zo® HE N2 50 A Al
LSRN 0 785 B A IR AR AR 1R 4391 R 21.07%~
0.84%., 37.66%~9.77% . 35.93%~9.44% F120.73%~
8.39%, Zn™'WiB T 2 Z o M IR ZF K AE 100~
400 mg/L 5 [l N 22 4R 3 (P>0.05), Cd*
B AR R AR FIAR X IR ZE K FE 25~100 mg/L i
Bl N 22 R B35 (P>0.05), A HEAE Zn® e
W E R 0~200 mg/L i [l P AH X IR 25 K 348 i
80%, FE Cd* i N 0~50 mg/L i [Fl P AR X
WRZER YT 60%, AT HAL 3 FhAx s iE Y
T B HPT Zn, Cd BHERE S . Zo” E T
LS AH A IRAR K AE 200~800 mg/L 315 [l 4 b 2%
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W EFKN B. arvense o FHREL S. conoidea
O HJLZE C. setosum & #EUE D. sophia
90 120 ¢
a
80 aa
a 100 a aad a
£ 70t e} 0 ' .
S5 60t ¢ £EB sop 2
W e i W3
=g b wE 60f a
Z g d0r b =7
=5 30t b b d FZ 40t c
2 20F Z b be Cc e 20l b
ol AN b b b E
0 2 N N N 0 F: PR M L L I
100 200 400 800 1600 100 200 400 800 1 600
p(Zn*)/(mg-L™)
100 a 100
90 90 |
g 80 a gb 80 F
= :cf 70 - = 5 70t
W g 60 a a b b W g 60
ZEos0f a Be sorf]
E’é E 40 | A a la = .g 40 F E
<3 s0f a a TE 300 f
= 20F c g 20t M4
10} Igﬂ 10} b
0 1 1 1 1 1 1 0 i [ L[ 1 1
25 50 100 200 400 800 100 200 400 800

p(Cd)/(mg:L)

T AF/NG PR AR A R BB 2 7] 22 53 25 (P<0.05); 1A

Note: Different lowercase letters indicate significant differences of the same plant at different concentrations (P<0.05); the same as below.

1 Zn. Cd BBt 4 #AREEYEA L AEXRKFEN KA

Fig. 1 Impacts of Zn and Cd on the relative root length and relative shoot length of 4 species of weeds during germination

T 50~100 mg/L (P<0.05), #HXJ k2 K 7E 25~
200 mg/L i [Fl 22 7oA B 3 (P>0.05), Cd”' e T
AFR VR R 7 2% o Ik 32 0 Rl 22 5 W 3 (P<
0.05), Zn*". Cd* i T 4 1R & AH O IR AR FAH
Xof R 2K TR 45 T R VR 25 R A | 3 (P>0.05)
AR L Zn, Cd B— i T AR IRAR K A2 2 5%
i) b AR R 2E K S, B IRAR A2 21 A i 5 T
R,
2.4 Zn. CdHHExt 4 B sl ymsR &
R BRI BCE SR Jm pR A, ) 4 e mifh 7
BRI R AR RS RAFRE. MR
oo AR | AR IRAR K AR X IR 2 A 75
JE RBUETT A (R 4), 151 4 Fh e SRy A7
SRR TR Zn JrE RE ) A 22 B> ] ) L3> 45 R
BE>AZ RN, T Cd e RE 1 AL 22 >
ISR

3 Wig

THOEARYIB L AT R, R REIE R
KZFRARY A RARATER . JCH LR T £ 2%

Jr B, AT R gl AR K R S
FEL, AR T 4B XN ] B R0 AN TR] 9 5
X ] e I 4 JE X AN R R AR 0 W 3 A K
PE DL K i 4 S X R (R M S g A DR AR
FEHY 4 PR RIRT-, HOW SR PRE B Zn™
Cd™ Wk FEVa B N R B Rt s, HXFRAE
F B ] BH R0 2 AR K B, X R T
SECOXT/NE | MR R X B PR BA S
A /NG AR GARL 7 FBCE AR 00 25 S — 2.
IR B 11 B 4 2 i AR P P & 25 22 BRI RE

FRA, SRR E 4R W EE TR, 8 AR A T
PESPLtE, SEsEY e ek kK AFae ). B
BRI R i A R P 2 v R N
YRR RN i Ak, (AR AR P A TR SR R
(ROS), FHALA B H ARG Z HIH KA, M
WAL IE H B 2P, MYR S 2 HE R
SEMRAKZM, EREN Zn Fa iR RN
0~100 mg/L WJHIFLT , 4 FhA i Fl— oo 22 i &
AXFAR MR, XY Zn™ R 100 mg/L
BF, ZEMRE AR LT AE R, (U 1.67%+
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Fig. 2 Impacts of Zn and Cd on the relative radicle length and relative plumule length of 4 species of weeds during germination

R4 AMBAEEYMHFHLEAN Zn, Cd WAHERERBE R) REATNE
Tab. 4 The value of subordinate function (R) and comprehensive evaluation of the growth indexes of
4 species under Zn and Cd stress during seed germination period

R
g RHFH REWH  RGFRM MHRK HXEK MWK dmEk
stress weeds germination  germination  germination  relative root relative shoot relative radicle relative rank
percentage index index length length length plumule length

KN BA 0.4493 0.3025 0.1046 0.0580 0.2135 0.0390 0.1818 0.1927 4

FMF SC 0.4519 0.5291 0.1264 0.2646 1.0000 0.2246 0.8095 0.4866 1

& HILE CS 0.4991 0.4106 0.1119 0.3836 0.9295 0.2446 0.6767 0.4651 2

IR DS 0.2804 0.2639 0.0712 0.4354 0.7576 0.1142 0.1696 0.2989 3

#% A BA 0.1103 0.0940 0.0000 0.3002 0.4734 0.1818 0.4312 0.2273 4

cd FIMH SC 0.5468 0.4503 0.1207 0.1579 0.4672 0.8095 0.4846 0.4339 2

L CS 0.502 1 0.4075 0.0986 0.6799 0.6395 0.6767 0.462 1 0.4952 1

FE 4R DS 0.3396 0.2633 0.0438 0.3543 0.5794 0.1696 0.4834 0.3191 3

0.25%, PNHYIRAHE T ESmE A H
SRR R RE )y, HAR RIEAEYY) T i
PEFHBRACH R JEm, B UL PP AR R R AR Y
ATV 2 S P Y B R AR —

16 Zn AT, ZRAFT7E 100~400 mg/L
Frim vk B T & UK R R 2 T Rea s, B
#im T 50 mg/L Bk, UHA 2 AR
WE TR, BEE Zn® R R T 31— 1

I, ZREEaREIFRT), FBICT; #
IR AFIE C R, WA ZHEHRTE 50 mg/L
Jo R e FE AR T AE 100 mg/L R, 1A
rP I B B VR B 1Y Zn (100~400 mg/L) Fll Cd**(100~
200 mg/L) AERIBAZ T K 2F, TR ZFRE
febrA — R T, LR R ] BE 5 2 e
TN B SO R A, BT
TR B 2 BT AR R 2, P I v
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(1) Zn* M Cd* AT RE S ERY R A S, FhF PR
SRR, TERYEE AT POD BESE RSB AL,
fre HEFP TIRHRAEBR , A 280 sh A1 N i AR
W, AR R R BURRER, AMTREER XS TR 1k
ZRRYRRE, AT LT F A TR 2E— B4R 5T
B I REECE 4 R T 2% B 4l i BT ST 4 2R 3R
W AL Zn, Cd B R i, Uil
IR AT A B A AT Zn, CAA—E /Y
Mtk et E SRR A —E RN ST o

4 #Eip

Zn, CAdMMASIERN . A JJLXK
AR E AT A& . ZERAR ) A1 2207 A A il 1
Mo TEMIFEBREWEE T, Cd™ X F 18 & B3l
YEHBR T Zn® . TEREY AP+ & A Cd* . Zn™
Jolp 36 A FH 2 R R e AR T A2 R B AL, ¥ 0K
4 P FRbrh, R A RN Zn WaE fE
71, FDLREAERAE CdMHafe )y, ZRA
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