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Effects of actinomycetes Actl2 on the root growth and resistant physiology of perennial ryegrass under Pb
stress

CAO Shu-miao', WANG Wen-ke', WANG Fei?, ZHANG Jun'

(1.Key Laboratory of Subsurface Hydrology and Ecological Effects in Arid Region ( Ministry of Education ), Chang’an University, Xi’an
710054, China; 2.College of Science, Air Force Engineering University, Xi’an 710054, China )

Abstract : An inoculation pot experiment was conducted to investigate the effects of actinomycetes Actl2 on the growth and resistant physi—
ology of perennial ryegrass under Pb stress. Results showed that different levels of Pb stress affected the growth and physiological character—
istics of ryegrass roots to various degrees. However, when inoculated with actinomycetes the root tiller number and root fresh weight were in—
creased by 12.3%~44.2% and 19.2%~94.6%, respectively compared to control, indicating that actinomycetes could significantly promote
root growth.Actinomycetes —inoculation increased root enzyme activities of catalase (CAT ), superoxide dismulase (SOD) and peroxidase
(POD) compared to control as well particularly in high level Pb stress (500~1000 mg-kg™"). Moreover, actinomycetes—inoculation de—
creased root malondiadehyde (MDA ) content and increased root activity significantly.The study indicates that inoculation with Act12 could
increase root antioxidant enzyme activities, reduce peroxidation damage of plasma membrane, improve root activity and Pb tolerance, and
thus significantly promote root growth of ryegrass under Pb stress.
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M 5% ¥ (Loliumperenne L.) A A= K Ul | A= ) &
R A BB SRR A, RO s A A Y L5
MO AR PP RL WP RE , R e — iR T i e 4
HARFAEY), AI7E Pb.Cd Cu S5 4R T5 e LI A
KRN 8 , FEXT Ph A —E s S RE 0, R
A=Wy ELAT BRI 4 R T, A — IR A
W E SR EMY . SR, AP H G JE R
e IR, 25 EAE AN — R G R
A FERYZERL I, B BE Ph AT PRI AR A2 B
A PR ER , WG A GRS 1 AP PUEREE PESE, 4
HAARZZ B, X BR A R AT AR SR A s R0 o (R, A
FEGfH Ph B XA BEME ROV 1 T, A A TE
& Pb RIERAER, XHEYMB SRR R A
=98

HHET, A & Wk S Y R P REC A
FHOCHGE o S ARTRHEERT 4 B Ph 410G T H2 S p )
1E Pb it T MR AY 3 R A AL I (CAT (SOD Al
POD )i P, fe R A=A 5 Ph - SRR 1 K e
Fh— bk 94 B (EFO801) , AT 1S 3R Ph hift R - 14
USRS, FEAK Ph W38 77 A 0 R 5 i, 52
fiff Pb JHMEXHEYI 5 EC, SR, O THI AT L a1
SRAHYITE Pb JPME T BTS2 AT SEAR D, JEHR R
A BAE Ph {5 Y% SR BT AR AR RGE . TR
W TP SR — P E R R
L A e R W A AR R L F SUw e
SRR,

ASCUATE Ph PR A RO SR, R4
AIRES  IRB AR Ph AT, — BRI X R
TR R AR AR R BT A R 200 o 388 3 0 2 7R AN ()
Pb rf N R FRAE RSO, 0 I AR R PR AL B 1
WS AR ARG, WIS ST Ph
T S LR, AT AR S A IE S Ph 15 BRI RICR
PR EAR T

| HR5HE

L1 st

P32k T Sl — Bk % i 6% 25 TR (Streptomyces
pactum,Act12), J2& PG IARMBI K2 UAE P B
F5R 2 T A e . B v R AR AR B8 I
MR 0 v A i T R, 2 R T LA B A
A PR EZFNINRES B2 T A [ A e PR
¥, ATAMR AR, HIEHER A 4.6x10°
CFU-g,

RGBT R 2.2 g, 8 90% , TEFIAF R
J6H1 0.5% NaClO il FiH2E 10 min, FRHZEEK M
VeIe AT AE e A M P A L em B

BHA R A R LA HR)Z 30 em +3E, fH
MBI/ TR 5 mm JR & S 08600
= ELPR) i AR R PR 11,

&1 DREABUER
Table 1 The basic physico—chemical properties of soil

JEFT Properties $0{8 Values
pH 6.77+035

A Total N/g-kg 1.27£0.10
Rk Total Plg-kg” 0.49:0.01
S Total K/g-kg™ 0.24+0.01

A WL Organic matter/g kg™ 14.57+0.95
Ph/me- kg™ 85.62+7.23
Cd/mg-ke" 0.3320.03

&K Water content/% 20.56+1.23

1.2 iR E

VEFH B A% 23 em B 21 em BOSDRMEZL, J 17 1E
TEARIETR/INFLIR K, 25 1 FiT 2 N 2 PR 2 SR
At 3 kg( KT +), DEEHEFEEEZ 19 em.
1.3 iRXIwigit

RIS 2 A AN BR(CK) B R .
FRAf v [ 38 Ph i A I O . - R
AR UE(GB 15618—1995) , 3454 BB & Fixt 5 & Ph
15 YL PR S ST, B AL ELE 5 A4S Ph B e EE RS
435124 0,200,300 .500,1000 mg kg™, 454Nk K -
W 3AEE . SR Pb(NOs), JECLH] 10 g- L™ (1)
Pb JFIR, 43531 5 NRBERHITA 0.360,540.900
1800 mL (¥ Pb JF&, #h 722518 /K 2 3600 mL, SR )54
BRI Ph 3 43 5 3 ST AE 5 HEXUT 3
(e L5 18 kg), B P39 5], i -4 5 Pb W 7857
RAT (FUREE 3600 mL VAW INA 18 kg KT 4
R 2R 20% , 45230 R 58 KR BIAE
BRI 5 HE Ph W EERLEERY L8, IR
W BT R AR 3 A 4R S R
HRE AR BRI, A4S Ph MR EE H AR AR
Wy, AL B HAR I B T PR S 4, 736 1 3
kg; FERALHE 5 4~ Ph B KF LAEH, 40514 1.5 g
kg™ T s AT, A B 75 A e IR S R FR
EAEA

MR ERh AR S0 kL, MR Eas— R
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15 ko RIRTE HOGIR = 3017 IR HIAE 22~25 C,
BRI GEK— IR AR E LK 3 22 ) AR e 13
M EEZ0h 20% , WAL s AE ARG, 60 d ek b3
A3 FRR R 43 FFICER . FEAIAR 2R e B KK s = e T
Hen T 228 ok sk 3 3 , B e WK 4R T AR
RFMMWEEDK R E, AREEAERAAAE R A T T
I 7E MY 2R AR BRAE AL AR

L4 MiXIEFRFN A iE

AL YIE AL (SOD ) FE 4k : 2 B8 Marklund 25
(05 %, A0S U MR (NBT ) 76 5% F 38 JEAE
Mg, —ANBEE BAL7 LU NBT Y6k 5 50%
TR,

1 AL EEE (CAT) 36 P AR 50 5 240 nm T I
R ) AR Al B R S ol 4 A 20 i, DA 1 min Y
> 0.1 MBS 1 ASBEE B,

1L AL W (POD ) 5 Pk - 22 B Polle 51 Jr ik
e

P (MDA ) & i R ARG L F 2R (TBA ) ¢

FRPEZCAE T ImA S S i I8 8 ke A B e s g, A
BETRREI =], 435I7E 532,600,450 nm K 4b
DU LR SR T HER P A

MR TG T RBURSAE ) 0.5 g, A 0.4%TTC %5
WRBERRZE I, 37 CHECRIELZY 2 h, T 1 mol - L™ At
PR A% L SO RRAR B, W /K 23 e 4 mL 12 T

WEEE , SRR AE 485 nm M2 G R, 3K Y TTC 6 JiE
I, FH VO UM S5 B AR R 1
1.5 #iEAbIE

R 3 %6 (Actrl% ) 2 38 71 42 TR A B0 R 4 7 %
HE A 25 {H o5 A2 R % FE AL A9 42

B G843 B R A SPSS20.0 (IBM, USA) K £,
F Duncan 2% 5 8 KT, 78 P<0.05 K (3
TN A ) T 43T o

2 FER5SMH

2.1 PhEME THEAREN BEZERAERKNZM

3¢ 2 AT, Bl 2 145 Ph A ACE TR, %o g
I TR A B P A B G BEASCRIAR i o 35 52 S 1 s
A Ra 38, 7E Pb & 54 300~500 mg- kg™ HHl G {5
Ko SRMIANE Pb A AE T, 58 ik )5
LS R B AR fif H X R A0 ARG N T 12.3%~
44.2%H1 19.2%~94.6% , HoA H 73 BEEICAE 1+ 48 Ph A
T 200 mg- kg™ B AR K, ARG EE 7R -3 Pb A
A 300 mg- kg BHGRIERR . 2 T A R R,
T Act12 Ph A3 R HAE B AR TR A7 B4 BEAN
MR A E AR A S R, MR BERR T 500 mg kg™ Ab
B HA Ph e KA RN B 2 2 v T B *Eﬁﬂﬁ
HAN[A] Ph JBa A 2 X R (P<0.05) 03X
KRR Pb AT, S35 AR Act12 i-‘jJnT

R2 PhIMETHE&ENEZEERAERKNZI

Table 2 Effects of inoculation with actinomyces on root growth of ryegrass under Pb stress

Ph/mg-kg! 43 Treatment M Tiller/plant” ACK/% (8T Fresh weight/g- pot” ACK/%
0 % B Control 2.0+0.1a 33.3% 45.36+1.98a 53.1%*
17 Inoculation 2.7+0.1a 69.43+1.76a
200 XiF 8 Control 2.1+0.1ab 44.2% 47.38+1.54a 61.9%
1% Inoculation 3.1+0.2b 76.74+1.88b
300 Xif B% Control 2.6x0.1¢ 42.4% 63.40+1.28¢ 94.6*
$ Inoculation 3.7+0.2¢ 123.39+1.69¢
500 %t i Control 3.0+0.2d 12.3 73.45+1.49d 19.2%
1% Inoculation 3.4+0.2bc 109.57+2.22d
1000 %t ## Control 2.320.1b 40.1% 53.74x1.83b 52.6%
1% Inoculation 3.2+0.3b 82.03+2.09¢
Ph(df=4) s — s —
FERPALH Tnoculation treatment(df=1) s s
A HAEA Interaction(df=4) s s

T % IR — Ph /KF T H2 AR5 0 BE R 22 55 {35 (P<0.05 ), 7 [l By /NG 5 B 3 o B 4 A0k JHL R A [ 9 42 1) ) A 398 P 22 e (P<
0.05);df 7R 1 HE , s R F RO A AN AT B2 TE2E 5 (P<0.05) . T,

Note: *Denotes significant difference between Act12 inoculation and uninoculated control within the same soil Pb treatments (P<0.05), different lower—

case letters indicate significant difference of Act12 inoculation or uninoculated control between different soil Pb treatments (P<0.05). df denotes degree of free—

dom, s means significant main and interactive effects at( P<0.05 ). The same below.
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PRI RO BE ARG AR R AR KA B B AR
M.
22 PhIMBETHEENM EZERAMEANEFEN
m

B3R 3 AT, X ER AU AL BT, R RO R T
LR CAT F1 POD (35 PERE Pb Bk AT (149 7 5 i
SRR, T SOD HIE M L e T i 5 B AR e 3
H e ik 8 Act12 J5, ZERIRIAY Pb JBE T 3
FC A RS P AO0T R A — R EE 3, CAT 3
T 13.0%~49.1% ,SOD 341 T 14.6%~61.3% ,POD
By 11.6%~50.6%; 113 Pb i A5t24 500 mg:
kg™ 1 1000 mg-kg™ B, 3 Flde 0 Ak BTG 14 1 38 fin 34

ik YK (P<0.05) . )7 2250 M o, R T
Act12 . Pb b PR K HAZ T AR IR R EZ FEAR R 3 FhiA
ARG M AT B M2 IR (P<0.05) , R BT R4 481k
BTGk AR AR Ph a8 KA 56, Ph JBikaf 386 A AT
CER B A AL BTG PE . SR, IR BT Act12 INA 145
Ji , AN TRRE B B 5, 1 T A AR TG 2 | R R TE vk
JE Ph AT, RTE Actl2 XHiEALERE A R
XTI A Rk A A L
23 PhIMBE THEAREXN BEEIRZE MDA S EFR
RiE RN

H %% 4 AT, BB Act12 Pb AbE R HAZ H AE
FAXFAZZE BEAR R MDA £ 2 AR R 96 1884 35

&3 PhEME T AR RERRANALEFEHZID

Table 3 Effects of inoculation with actinomyces on antioxidant enzyme activities of ryegrass root under Pb stress

Pbimg-kg” 4B Treatment CAT/U-g+min™ ACK/% SOD/U-g” ACK/% POD/U-mg*min"  ACK/%
0 Xif H8 Control 0.221£0.021¢ 23.0 49.82+3.08ab 14.6 68.03+4.81d 17.3%
$£1 Inoculation 0.271+0.028¢ 57.08+3.71a 79.77+4.76d
200 Xl Control 0.208+0.016bc 13.0 57.37£5.19be 23.8%* 63.11+3.32d 11.6
H#7 Inoculation  0.236+0.030bc 71.00£6.89h 70.41£4.06¢
300 % B8 Control 0.189+0.016b 17.1 65.01+5.96¢ 16.3 50.73+3.46¢ 27.6*
$H Inoculation  0.222+0.023ab 75.61+6.11b 64.72+3.79bc
500 X 1 Control 0.134£0.011a 42.9% 80.82+6.56d 33.9% 38.93+2.89b 50.6*
5 Inoculation  0.191+0.016ab 108.24+8.01¢c 58.65+3.94b
1000 X & Control 0.120+0.016a 49.1* 43.92+3.43a 61.3* 32.12+2.14a 44.3*
3 Inoculation  0.178+0.022a* 70.82+5.64b 46.33+2.95a
Ph(df=4) s — s — s —
P FE Tnoculation treatment(df=1) s s s
A HAEA Interaction(df=4) s s s
x4 PhMETHEEXNBREERR MDA REMFE ARG
Table 4 Effects of inoculation with actinomyces on root MDA content and activity of ryegrass under Pb stress
Pb/mg-kg™ AL B Treatment MAD/pmol - g~ ACK/% HLZ 3% 1 Root activity/pg-g™+h™ ACK/%
0 X 1 Control 3.19+0.21a -35.3% 51.02+2.39h 116.1*
1% Inoculation 2.01+0.18a 110.24+6.22¢
200 % B8 Control 3.50+0.24a -28.1°* 61.02+2.64¢ 166.8%*
11 Inoculation 2.51+0.20b 162.79+7.88e
300 Xif H8 Control 4.29+0.28b —-19.2% 92.01+3.52e 44.0%
427 Inoculation 3.47+0.26¢ 132.45+6.50d
500 %t B Control 5.15:0.43¢ -32.7% 71.34£3.17d 30.9%
1 Inoculation 3.46+0.51¢ 93.39+4.33b
1000 X 1 Control 6.59+0.61d -20.9%* 48.90+3.55a 43.1%
11 Inoculation 5.21+0.55d 70.00+4.04a
Ph(df=4) S — S
AL Inoculation treatment(df=1) s s

2 H AR Interaction(df=4)

S

s
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mg-kg™ IR TR . VLR TR ZRE 7152 Pb A FR
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ZEA K.

Pb [P T I AGETE Actl2 5, fedt TR
Az AR B 2R BE , S5 TR A R, AR AR A AR
R AP EAE o kT RE SR S R R
Ph i 52 P8, RETE S Pb 13 vh R4 BEAHAT 5C; AR, ik
2R A BB, T RE 2 AR N BUAE R VA LR L S
R AELE 2 A1, 2R R 22 A RERS 7 A
A5 Ph LA K e S, 1 L6 ) AR B ] RIS IR 2 R
BRI BN, TR Act12 R HEAE P AR IR
TR A FE R AR e A A
PRI S5, SR R IX RS, LRI B E TR
LRI Act12 Xf ZRMEYTANFHN R AF Y R R4
DL AR SOR S, HE— 2B IESE Act12 W] e — R 3
FOfE AL TR o SR, 75 Pb JPME R LRI Act]2 X FRA B
A RIS B HGE , BA PR — P IRABT X N A
Ph i8I A LB

YA ALEF(POD SOD .CAT) RS 445 1 i Ik
TERP AR N 7= R bR i Sh 3, e e dE R4
e FE A T 4 R Jhir i B P A 2 — , SOD W LIS A
T TEFA R PR R A A LA H,0,, BEJS HL0,
A CAT F1 POD #5464 H0 Fl O, MTEERI, AHHF
FEHBRZZ R CAT F1 POD JGPERES Pb i AKF-3 i
MREARG, 1 SOD &P 5 ek fin 5 B . X W] CAT
A1 POD {1452 51 P birafs (30 ], HLTs M A 32 2 v
Pb a5 ke, XA IAE 5 80T A EAR N
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P FF s, AR 44 P 5 e s R a4k A | ff
MRS RO 7 A T — B BT A2 5 SRS Ph
TEBRBEI N, Ph 7E HAZE B A B Bl — A
AP PR B8 R St B T B, SOD T
5, HEBH A et 25 N R o 33X X1 B e S Inf BR S
X1 ZE B SRV 2 B A M3 5 SOD & P AR TR 1
T R —30,

TN AR R B R T P A T A AN
3 PP AL B M, JE R AE SR Pb aE T (500~
1000 mg-kg™), BB IG5 AE FH B 3 . T B
FAPLHLE: « 2k B A= 5 A A LR L R 5
INGTFAEEY), RELASHR R il B A Ph R &
Wi Oy 3 A 0, B i R B A #E T P
I AR R I IR, ORGEAR Pb A XTR R 1)
FEVER, F L CAT 1 POD 352 Ph [k (441 i
PR AR ILAD, R T e i BB 22 BAE Ph {5 e +p
AR AT RESR B TR R A Bt P (Wi 32k, 1
5T HUEALET RS, 1 3 Fhbi SR ERE HE4E Li
L1036 K i 422 B 9 A= LT (EFO801 ), Jebara 2524
& (Lens culinaris VBG4 R 3 R4l i , 78 Pb V5 4L 1
e R TR 3 R AL RIS AT
SEIR—B, WA A RS, 4% [ Act12 TR E AR
FIZ B IE RS & S BRAR A Y
AAMRIEFT , SABFFE T Act]2 Xif BB B AR 2%
FHIZ o SX A BE S AP RIS AR PR LR A O, A
5T Act12 ML T 32 RAR R AR T B B
HEZRAE P AT A LR 16 4300 15 388 1029 3 il 55
BR VRS RESE AR Pb Wil FIGMERMBLR; S5 %
Act12 il , 5555 5 rh pH b, 3Ry 4t M S Ak
G T A NS AR R XA RIS T
SR A R
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AWEGE R, Ph A K R, BERR ARG
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