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Effect of Ferulic Acid and Attapulgite on Seed Germination,
Growth and Seedling Chlorophyll Fluorescence of Codonopsis pilosula
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(1 College of Life Sciences, Northwest Normal University, Lanzhou 730070, China; 2 College of Life Sciences, Lanzhou

University, Lanzhou 730000, China; 3 College of Pharmacy, Lanzhou University, Lanzhou 730000, China)

Abstract: By using the seeds of Codonopsis pilosula as the experimental material and by cultivating C. pi-
losula with different concentrations (0, 0.01, 0.05, 0.2, 0.5, 1.0, 2.0, 3.0, 5.0 and 10. 0 mmol « L ")
of ferulic acid (FA) and the growth medium with different volume ratios of attapulgite clay (attapulgite)/
vermiculite (0/1, 1/120, 1/80, 1/50 and 1/20) under indoor condition, we analyzed the effects of FA in
the growth medium on the seed germination, growth, and chlorophyll fluorescence of C. pilosula, and
studied whether the negative effects of FA on C. pilosula could be alleviated by different concentrations of
attapulgite presented in the growth medium. The results showed that when the concentration of FA was
higher than 1.0 mmol « L™, the activity of C. pilosula seeds were inhibited and the germination of seeds

was delayed. If FA was applied to the growth medium before cultivation, the biomass accumulation and
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photochemistry reaction of the C. pilosula seedlings were increased by lower concentrations of FA but
were decreased by higher concentrations of FA. During the growth period of the seedlings, short-term
treatment with different concentrations of FA also significantly decreased the photochemistry reaction of
the seedings. The attapulgite presented with different volume ratios in the growth medium can effectively
alleviate the negative effects of higher concentration of FA on C. pilosula during the germination and
growth. And, the volume ratio of attapulgite/medium at 1/50 seemed to be the most optimized content in
alleviating these negative effects. These results indicate that high concentration of FA in environment can
significantly inhibit the seed germination, growth, and photochemical reaction of C. pilosula seedling,
while the addition of attapulgite into the medium with appropriate ratio can alleviate the damage of FA that
would emerge at different stages during C. pilosula growth.
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Table 1 The seed germination of Codonopsis pilosula treated with different concentrations of ferulic acid
FAWKE i B RIFEM R YA R
FA concenlra}:on Poak value (xerpllnat1()n (‘oe[h‘men't of Germination ) Mean 'lengt'h )
/(mmol « L™1) index germination value of incubation time/d
0(CKy) 20.0840. 91ab 28.97+1. 24ab 29.2740. 65ab 1.8540. 14a 3.41+0.08b
0.01 21.2340.83a 30.73+0. 74a 30.15+0. 23a 2.00+0.08a 3.36+0.04b
0.05 19. 87+0. 89ab 30.4440.77a 29.9340. 31a 1.8740. 14a 3.38+0.04b
0.2 20. 0840. 59ab 30.88+40.91a 30.6340. 22a 1.89+40. 06a 3.26+0.02b
0.5 17.45-+1. 29bc 28.52+1.00ab 28.25+1. 29ab 1.7440. 06a 3.54+0.17b
1.0 16.19+1.95¢ 26.96-+0.70b 27.05+1. 25b 1.4740.16b 3.7+0.17b
2.0 5.22+1.97d 18.99+1. 81c 19.67+2.01c 0.2440.15¢ 5.14+0. 55a

TE BB 3 Wl 3 YL bl a7 a8 0 (B AR k22 L 1) 51 AN ] 2 B R OR AR B FE 0. 05 KA 5 M2 575 T IH

Note: Values are given as mean £ SD from three times or more independent experiments. The different normal letters within same column

indicate a significant difference among treatment groups at 0. 05 level; The same as below

®2 AAREMBRBETLETESYELEYERRNTL

Table 2 The seedling biomass of C. pilosula adding with different concentrations of ferulic acid before sowing seeds

FA Y Hb I i b0 i Hh b oK i Hh b Hi T i T K
FA concentration Above ground Above ground Above ground Above ground Under ground Under ground
/(mmol « L™1) fresh weight/g dry weight/g water content height/cm fresh weight/g length/cm
0(CKy) 0.40-+0. 04c 0.05+0.00b 0.87-+0.01a 9.05+0. 30b 0.15+40.08b 14.95+2. 27c¢
0.05 0.61+0.07b 0.10+0.01a 0.85-+0.00b 10. 00-+0. 10b 0.18+0.02b 18.25+1.03b
0. 50 0.76+0.09a 0.10+0.02a 0.87-+0.01ab 11.8+1.07a 0.30+40.08a 22.08+1.82a
1.0 0.22-+0.05d 0.03+0.01c 0.86-+0.00b 6.78+0.51c 0.15+0.03b 15.50+1. 4bc
5.0 0.10-+0. 00e 0.02-+0. 00c 0.85-+0.01b 5.43+0. 49d 0.10+0.01b 13.25+0. 16¢
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BIfE R B 1/80.1/50 B3k 24 KAH s fr A M1 4 4b
PRAJ B A O R R B s TR A 6 R (CK,) L 1/
80.,1/50 #A B [k b 3 1 i 357 34 ) W 3 AKOF B A4
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M S KEB B EET CK,. Al . mAR
91 14 11 - 357 R 6% AS () 82 B o 1K o B 1 T 3 2 4 i B
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N 119 22 fif% A FH o B
2.3 EHMAEBRMMNILENRESHENHEE
EENEIE

hE LA EL B R AT A FA fE7ER . 58 5
M st E S TE 0.05 1 0.5 mmol « L' FA
SR X IR CK, 23 EFF.7E 1.0 mmol « L'
FA Q3R JC W #4846 . 7€ 5. 0 mmol « L' FA 4b
PR A CK, B FEAL. [, 508 4 5% B (CK.) A
P A AR A ) B 90 60 191 349 R W 35 08 hn 4% 2 4 B
WA E S IR RL 1/50 MR L A 3 AR B i e
SR F P E B 2 0P B R W 38 X B (CKD) B 7K
o AT DL 3 RV B B R i R A S 4t
SR A L AR MR BE R v BT s A G B s TR AN [\ L

151 9 TH1 - 247 F36 608 A [ 7 52 3 AR BT B 19 3F 5 5 4 i
SRR R OF LM A AR FR L R 1/ 50 B Y 2 il

YER B o B

2.4 MEBMMTLAENRESHENZRENXS
9 %M

2.4.1 PUERERFNM T ACIBEFZFEFF  FE AP AT AR R

5T PO 0 [F R B FA SO 56 S 4 AR
KNS HAEREL W (E O, L, 7 0. 05
mmol « L' FA IR T, 58 2 4 i it | B 1% 88 3
FETR 3 CK, &% EJt, HAEb 2= 7 K R4
NPQ & 2% 5 B, HoAth 45 b1 B A7 & A= W 2 A8 4k s 7E
0.5 mmol « L' FA &I F, it ETR.qP.qL ¥4k
CK, W3 7t &, gN 1 NPQ W i % B, Bl 0. 5
mmol « L' FA 215 4 i it Jv PS 11 Stk 7
PER T HYY FAWREEIAH] 1.0 mmol « L5
25l PSI #potfe2=8ifh . 7 1. 0.5. 0 mmol « L™
FA AR .0 F YD) ETR .gP.F,'/F,) fil L. 5
CK, Lk BRI, NPQ FilgN i Z P F+ & 7 5.0
mmol » L' FA 4 ¥ F . B Y (1) .ETR.qP.qL
B 1.0 mmol « L7 W 3 FE K. NPQ & 2% 7t . b

x3 BEMAMABRTFE TARERKERNES Y HEYEN N

Table 3

Effect of different cultivation media on biomass of C. pilosula seedlings under the stress

of FA that presented before sowing seeds

g 5 M+ R AR b I fif B Hi I K M | Hb T fif 5 R K
Ratio of vermiculite Above ground Above ground Above ground Above ground Under ground Under ground
to attapulgite(v/v) fresh weight/g dry weight/g water content height/cm fresh weight/g length/cm
CK, 0.1440.011ab 0.0240.001ab 0.9040. 005a 6.77+0. 368bc 0.1440.013b 14.03-+0. 858b
0/1(CK3) 0.05+0.028¢ 0.01-+0.004c 0.76+0.027¢ 3.73+0.665d 0.07-+0.018¢c 11. 00+0. 864c
1/120 0.0840.027bc 0.01+0.003bc 0.87+0.012b 5.33+0.579¢ 0.10-+0. 028¢c 11.43+0.903¢
1/80 0.15+0.038a 0.02-+0.003a 0.8740.002b 9.77+1.271a 0.1840.083c 16.17+0. 556a
1/50 0.14-40.033ab 0.02-+0.004a 0.87-+0.008b 7.80+0.216b 0.13-+0.016a 16.53+0. 262a
1/20 0.10+0. 002abc 0.01+0.001bc 0.89-+0.012ab 5.3340. 094c 0.10+0.013b 14.43+40. 464b

MRS
Chlorophyll content
(mg+g™)

CK, 005 05 1 5
Wl 2 A

Ferulic acid concentrations/(mmol « L™")

ESN W
T 1

PoE=X
&

MHERERE S
Chlorophyll content
Amg+g™)

[\ w

(=]

CK, CK, 1/20 1/80 1/50 1/20
AT 5 1] 1 LA
Ration of vermiculite to attapulgite/(}7}V)

L 48 Tl A ) o 2 B B R % B A5 T 4 5 5 Ak BR324 i I R 2 1 S

Fig. 1

Effects of adding ferulic acid and combination treatment with attapulgite before sowing seeds

on chlorophyll content in leaves of C. pilosula seedling



12 1

P B 22 S5 o B B R X 58 S A T R A K R4 SR YO S H

2249

FA W B T S HOGAL F B0 B B k.l UL, 58
25 Pl i 35 5 vl A A v ) ol R R X & i T T
b2 o HAT AR EAE T, JF L 0.5 mmol « L1
1) FA Kb 3 AR SF R B R BH S, T = v B FAC N 3%
Bk 2

A 2 TR B S S 1 P A 3 O v A v v
BRI X 4 1 G Ak 2 SN A S A AR P A
8 7E 5.0 mmol « L' FA AbPRUR BT F — 2P 0 5
5 H S A T) B 8] 11 - 2% 65 8 008 ik 2 BT 250 7 1) i 3
GiERLRE ., 59 R (3 5) BRI I P 7E7E 5.0
mmol « L' FA (CK,) S34h i 161k 2 7% v ok
mFA (CKy) BF W 2 BE AR, 43 51 L 1/120, 1/80,
1/50.,1/20 [ 4 Lb 1) 8 35 55 v s i 191 -, 4l ok
P2 05 T 1 IR S R )R R R . b, L 1/
20 T T - Arb B A H Al HE ) A 28 S A R 5 L O
fh2g i dE A CK, B & THm ARS8 E K+ CK, s
PL1/50 8 1/120 JWA M Rt id e b 5 CK,
LA B A B qP gL AN TR 2 CK, X
K5 B 1/80 AL i ol Ak 2 16 ME S bR B FL/
F. 9N A B3 %% . {0 ETR.qP.qL £ & CK,
Ko LEEBANM R RIS HRA T, M+ 1
FF A B He B 1/50 8] 1/120 Bt X6 B 20 iR 1y 30
ESE R (RSl R

R4 BUHANARRETRABHALENESHEERLSH

2.4.2 MEFFTEREAIE SO dEshE FRFR
F T RN BT AR AR SR Y FA BRI B
6 56 Z R 81 A 6k 2= SO IE TR DL R A i
AR . AN TE AR B L it TR AR Y 1
ol E W A R A T BB 7E AR K R o il a2
FA Wyfihia . Bk, A5 78 56 2 4 i i i% o 50 d
B 7E B Bt i 1 AN R v BE ) FAL Gk M IR R AE 8 S
ARG FAXG MM BEER, k6 i,
fF 0.05.0.5.1.0.3.0.5.0,10. 0 mmol « L' FA 4
P50 d RIS 2.5.8 d J5 . 58 S 4 R gk
WS E Y. F,'/F. .qP.ETR .qL i FA kb
PV FE 1Y 35 RN Ab B R) Y SE K R AR T g N
NPQ M=z Ft . Hrp, 78 FA 4bBRES 5 KAt. 5
X B CK, AH G 4 M BE FA 38 (6715 5% 2 4h i v
Y(II).E,'/F,' .qP.ETR .qL K K& E Ky 25. 22%
~52.21% 14, 79% ~19. 66 % .5. 64 % ~40. 67% .
27.30%~53.16%.6. 84 % ~46. 03% . Hffi gN Fl NPQ
A% 9 B 168, 66% ~ 191. 04% F1 48. 82% ~
49.91% . VLIRS FA WK E T &, 5% S 4
I I SR AR X6 S R A R AR A% 35 08 55 L o6 B L T AR
U ZE A T OGA VR TR SRR BN, B T 38 i R

R S R AR BRI PSIT Wiy i Z i T
JeEAE I BICRE D, 65 1 HTRE 1 855
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Table 4 Effects of adding different concentrations of ferulic acid on chlorophyll fluorescence before sowing seeds

FA ¥ %
FA concentration YCID ETR qP F.'/F.' ql. gN NPQ
/(mmol « L")
CK, 0.4240.02a 23.17+1. 32¢ 0.6640.03b 0.59+0.02a 0.46-+0.05b 0.67+0.01b 0.31+0.01c
0.05 0.4240.01a 25.73+0.73b 0.6940.0lab 0.59+40.02a 0.4840.01ab 0.6440.04b 0.2540.03d
0. 50 0.45+40.01a 28.29+0.57a 0.7340.01a 0.6240.02a 0.5240.02a 0.56+0. 04c 0.19+40.02e
1.0 0.31+0.03b 19.64+1.77d 0.57+0. 04c 0.54+0.03b 0.41+0.01c 0.72+0.02a 0.3740.03b
5.0 0.254+0.02¢c 15.1640. 94e 0.46+0.01d 0.5340.02b 0.2940.02d 0.7340.02a 0.4140. 04a
£5 BHAMRBRTLEREEKER S EHEER LS ML
Table 5 Effect of different growth media on chlorophyll fluorescence of seedlings under the stress
of FA that presented before sowing seeds
WA 5 AR L
Ratio of vermiculite YCID ETR qP F,'/F,' qL. NPQ
to attapulgite(v/v)
CK, 0.4440.01a 27.01+0.62a 0.76+0.01a 0.58+0.02a 0.5940.01a 0.26+0. 04bc
0/1(CK3) 0.2640.02¢ 17.23+1.01c 0.54-+0.02¢c 0.52-+0.01b 0.3640.01c 0.39-+0.03a
1/120 0.41-+0. 04ab 25.11+2.41ab 0.71-+0.03b 0.58-+0.03a 0.51+0.02b 0.25+0. 05bc
1/80 0.43-+0. 04ab 24.26+1.48b 0.71+0.01b 0.57+0. 04ab 0.52+0.02b 0.254+0.07bc
1/50 0.4440.01a 27.04+0. 64a 0.73+0.01b 0.58+0.01a 0.5240.01b 0.21-+0.02¢c
1/20 0.40+40.03b 24.12+1.77b 0.70-+0.03b 0.56-+0.03ab 0.4940. 04b 0.30-+0. 04b
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CKy 7K ZE M 4 /05 7 Ry 1/50 B 22 fige 580 R e W Wik
B B o 116k 2 TG M 45 F A 5 CK, A 1Y
PR3] B i F ik B T CK, K524 LL1/80,
1/120 A M+ A B G 2% M A T (A 45 48 bR 38 ok
iKE) CK, X ROKSE . 286 DL B B b i i A 7] b
5] TUT e X35 b B R0 &0y i 30 2 A= BT B JWIR 3 1) % i R
HkF TR 1/50 45 Bl 09 G i 30U

3w

ARWFFE K B AR B FA KX 58 2 Fh 1 & 7
A RS T R B FACX 58 2 BT i
HA W A3l 7 . A BF 5 3 I A ) ot AT o
ok 00 ) R R U Bl ) o AR A R T A
19 5 B A - BELIG ol 5 A i i 8 b A o DA K fiE
o A L SRR P A L A0 B 1 A i O3 SR
AR ANk PR e St A5 R TR S R - A
BORD T W A Z BT L 2 A AL A AT 2
il A A I A e o S S L B T AL A R L 2T
i K 3R 30 Mt I 5 22 M ) A3 R A Rl Y
A R R | TR R 26 R i R
TN 2 TR fifp o I R A A TR -4 0 A Bl I PR 2 DDA G,
) 30 A i A R R T R S A SR B
BRI B o e 22 51 R A 1 b 2R LW A
PEREAR . PG, FA 23R 3 2 F0 7 3% o b
ATRESE T FA G TR B A A A O i A
EE

TEAE ) 22 4F A K ol o 7 R o 7 o B B R
R A A R T R 09 2R AT P A AE A
MR P ARSI | e W50 1 B Fh i 78 B 5 2k
HAOBE TN AS Tk B Y FA VRN 58 2 Al s R PO
FIAE W) 55 2 500 82 i DU UL AR L3 rh LR Y
FA X TR IR, 45 28 R W 18 4k B i 2% 5 o
AR e JRE ] 2 1 o 5 2 4l i R 8 6 A 2 g
LR A R e TR A T A R D 3 B A 0 ) A

F o 2P A W 5 K AR ViR 2 BT L IR X B 1
AR KT A — R B Aie HEAE T L T g e ) el 20
W X 8 B Al AR A K i A AR . P a4 Y
G e 3L o i R R ] 1R X 55 4 AR R 4 A XA
P 5% 200 1300 B AT B . R A A ARk
AT LA R R R T ER Y AR
D () AR X AR ) B4 A 0y R I R LA R e
R AT LR AT TEE R ST L. BeAh TR A
SRERIE v, oy T ] LA 00 140 0 0 S T R 45 TR R A
P A o e Pt P RE Y S2 R BE R FA BB
8. AR 5L S 4 B R O 50 d I 3
BN T AR e B B FAL 8k R R AE 56 A K
L FAX AR RIME . S5 R RWILBEE FA W
£ 1 e A0 R J5) B4 S K 58 2 40y 9 6 A 2 R K P
R BRI H . ] L, JCIE R AR 58 Sk KT ik
JETE AR R R B T A 7 A R R 4 2 X
FELD B4 TE 8 A A AR B A R R

FURT anfay 2ie A8 FA R T 48 9 193X 28 A F1 52 i
T [ P ST R TE o T R R R — AT e i A
PE ) RARER AL L5 1 09 b 9] 78 28 5 b i A I
) R R BT P Y O A PS IOt e
T P A B R RS e AR BE T LA B TR Sy 61
PRI T U] 0 f J A ) i MRS, 2 2R AR T L iR R
S SR A AT S 78 A= 1K i i v 6 5T b ) R A s
JRE By B 1 » IR AR S I P S — S L9 A U1 R R
e AT A 255 2 figp el 20 1R X A ) 144 A= B 8 AR T L 4
DAY BB H T M BRI T FA T 353 b
My Fo Ak R, NI/ T FA JE AR W) 14 N 79 %L
i, (HRAEAWT ST T A E B B rh M e R
1/50 I 4 22 fifg A7 ] B2 8 7 140k B il o 1/20, 3
AT RE S T I R R BN 2 2 R B Y
BT A BRI A T — LA A
TR T 1M 68 B SR o 30 64 22 A A 1 O F R BE
AR B 5T v L A5 B T e TS W b T HG AR R B R Y
FE A5 2 7 S B 52 R B 5 R Y B B ER Y

25 1 T AR R BT B IR R X 8 2 BT WY R
A RS T T AR S S v AR R
Fr BOG A  SE A 3R  BCR A AR A
P FA XTSES M1 R8T A& R R AR i R Y
el R AN 5 28 E A B I B A A s 7R
8¢ v e I 20 TR 4 R B PR 5 TR I ACAS TRl AR L 7] 11T
b AT LA A G ik v ik EE BT IR Y X 26 R ] R
i o AT 7 o b AR S 1/50 I Y 22 i £
Fldse



2252

[ |- W7

EE

39 &

S % Uk :

[1]

(2]

(3]

[4]

(6]

7]

(8]

9]

[10]

[11]

(12]

[13]

2 It S ERSENREMREFIRLD] W%, Wik
2%, 2009.

gk, WEEAR, T, SE. R4 AR AR IR R X 2 A A ik
AR RMEWT]. hE25%, 2016,14(8) : 834-837.
MA L, GAO Y G, ZANG P, et al. Effect of plant growth
regulators on accumulation of secondary metabolites of medici-
2016, 14 (8):

nal plants [ J 1. Central South Pharmacy ,

834-837.
EHW . Ph B, IR L. HPLC M 56 S vh B B0 AR 1Y 7 4
[J]. FREBEE#BE2# 3Rk, 2003,20(2) ; 140-141.

MENG Y B, SUN S, SU Y F. Determination of ferulic acid in
Codonopsis pilosula by HPLCLJ]. Journal o f Chengde Medi-
cal College, 2003,20(2): 140-141.

EINHELLIG F A. Allelopathy:
goals[ M]//ACS Symposium Series. Washington, DC; Ameri-
1994 1-24. doi: 10. 1021/bk-1995-

current status and future

can Chemical Society,
0582. ch001
LODHI M A K. Role of allelopathy as expressed by domina-
ting trees in a lowland forest in controlling the productivity and
pattern of herbaceous growth[ J]. American Journal of Bota-
ny, 1976,63(1) . 1
BLUM U, DALTON B R. Effects of ferulic acid, an allelo-
pathic compound, on leaf expansion of cucumber seedlings
grown in nutrient culture[ J]. Journal of Chemical Ecology .
1985,11(3): 279-301.
HARPER J R, BALKE N E. Characterization of the inhibition
of K+ absorption in oat roots by salicylic acid[ J]. Plant
Physiology» 1981,68(6): 1 349-1 353.
BB SR L AL T X TR R TR E - 2 R R A
sz ], Lok sE4R . 2016,32 (6): 1 344-1 350.
GAO J, QIN X J, ZHOU H F, etal. Effects of attapulgite on
sorption and desorption of soil for PAEs[J]. Jiangsu Journal
of Agricultural Sciences, 2016,32 (6): 1 344-1 350.
REE. 2 P, 8 . 3 FORRITUE R A FE B EBURL
W] 8RR 5 V2 S AR A g e L], T E A2 2, 2007,
27(1) ;. 46-48.
ZHANG G X, LI P, HAN B. The effects of three kinds of
precipitator on the content of ferulic acid and icariin in Yangx-
uefuzheng granules[J]. Chinese Journal of Biochemical Phar-
maceutics s 2007,27(1): 46-48.
B L, WA R, SRR, B IE I E i R R T ik LML
U p E A AL, 2006.
DEMMIG-ADAMS B, ADAMS W W III. Xanthophyll cycle
and light stress in nature: uniform response to excess direct
sunlight among higher plant species[J]. Planta, 1996, 198
(3): 460-470.
ARNON D 1. Copper enzymes in isolated chloroplasts. poly-
phenoloxidase in beta vulgaris[J]. Plant Physiology. 1949,
24(1): 1-15.
Me B, dkAS UL, 5. A AL R TR b T B K 0 R
B HABEE Y] hEAESRIL R, 2017,25(1) . 36-46.

[14]

[16]

[17]

[18]

[19]

[20]

[21]

CHEN F, MENG Y J, SHUAI H W, ez al. Effect of plant
allelochemicals on seed germination and its ecological signifi-
cancel J]. Chinese Journal of Eco-Agriculture , 2017,25(1) ;
36-46.
WD, TR, R OMR, SR AR AL IR SR T BT KR
)], R ZRER . 2005,24(12) ¢ 1 459-1 465,
YANG Q H, YE W H, LIAO F L, et al. Effects of allelo-
chemicals on seed germination[]]. Chinese Journal of Ecolo-
gy 2005.24(12); 1 459-1 465.
DEVIS R, PRASAD M N V. Effect of ferulic acid on growth
and hydrolytic enzyme activities of germinating maize seeds
[J]. Journal of Chemical Ecology. 1992,18(11).: 1 981-
1 990.
TGk, 4 B, TR, GF. PR S E A R AR K &
WSS ], 22 R 2 2 CH AR BRSO » 2013,49(5)
688-692.
LI Q X, ANK. FU Y ], etal. Efects of ferulic acid on seed-
ling root growth and development of lettuce[J]. Journal of
Lanzhou University ( Natural Sciences), 2013, 49 (5)
688-692.
R BROFE, XD MR, AF ABIR W R R T B T
BB KL A K AR LT ). pa ek k24 4. 2010,
19(4) . 179-183.
ZHOU B L, CHEN F, LIU N, et al. Allelopathy of diisobu-
tyl phthalate to verticillium wilt and seedling growth of egg-
plant [ J]. Acta Agriculturae Boreali-Occidentalis Sinica ,
2010,19(4): 179-183.
A, R, X e, A ZTERXF 3 AR
SRAEY BT W) & K 4 BHEEJ&E‘JE’UF] [J]. P b g ol 2 4R
2009,18(2) . 217-220,224.
LI Y X, ZHOU B L, LIU N, et al. Effect of different con-
centration Dibutyl Phthalate (DBP) on the germination and
seedlings growth of three vegetable seeds[ J]. Acta Agriculturae
Boreali-Occidentalis Sinica, 2009,18(2) . 217-220,224.
ZHANG M D, RAN R L., NAO W S, et al. Physiological
effects of short-term copper stress on rape (Brassica napus
L.) seedlings and the alleviation of copper stress by attapulg-
ite clay in growth medium[J]. Ecotoxicology and Environ-
mental Safety, 2019, 171, 878-886.
ZHANG J, XIE S, HO Y S. Removal of fluoride ions from
aqueous solution using modified attapulgite as adsorbent[ ]].
Journal of Hazardous Materials, 2009,165(1-3) . 218-222.
FEMVE T RAL A TR, S B a0 3 R A Y 2R 2
S0 R U R b0 6 T8 28 VR T R SELT ] R E 2y
Z235,2018,43(15): 3 115-3 126.
SAINAO W Q, ZHANG M D, MA X J. et al. Physiological
effects of cadmium stress on Astragalus membranaceus seed-
lings and alleviative effects of attapulgite clay on cadmium

stress[ J]. China Journal of Chinese Materia Medica , 2018,
43(15). 3 115-3 126.

(m# . EFTI)



