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Abstract: Populus is one of the most important tree species in the economic plantations in China. However, poplar
plantations are vulnerable to the continuous monoculture problems. Previous studies have focused on low availability of soil
nutrients and poor management as the possible causes for such decline. With the progress of chemical ecology, allelopathy
and autotoxicity in forest plantations have been increasingly regarded as key triggers of the problems associated with
continuous monoculture. To the best of our knowledge, few studies on poplar autotoxicity have been based on long-term
samples, even though poplar monoculture is common in planting practice. Moreover, experiments to compare the effects of
low availability of soil nutrients and autotoxicity have not been attempted. In this study, we selected soil samples from three
generations of poplar plantations, which included monoculture plantation as old as 40 years, and carried out systemic
germination bioassays of lactuca sativaseeds and seedling growth tests on branch cuttings of poplar trees grown on soils in
which successive generations of the plant had been grown. We identified the inhibitory activity of rhizosphere soil and the
effects of concentration dependence and independence on nutrient inhibitory activity, which provided basic experimental

evidence for further study on autotoxicity in continuously cropped poplar plantations. In a laboratory experiment, we
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contrasted the inhibitory activities of rhizosphere soil and non-rhizosphere soil on continuously cropped poplar plantations by
determining lettuce seed germination in the soil extracts. The results showed that rhizosphere soil significantly inhibited
lettuce seed germination compared to the non-rhizosphere soil. Concentration-controlled assays of rhizosphere soil extracts of
generations I, II, and Il ( Genl, Genll, and Genlll) poplar plantations were used to investigate the inhibitory dose
attribution effect. The results showed that greater the soil extract concentration, stronger was the inhibitory effect on seed
germination, suggesting that soil extracts inhibited seed germination in a concentration-dependent manner. The results also
showed that concentration dependence was strongest in Genlll poplar plantations. The rhizosphere soil extracts of Genl,
Genll, and Genlll poplar plantations were divided into two groups (an added-nutrition group and a non-nutrition group) of
culture solutions, which determined the length of shoot and root in the poplar branch cuttings. The results showed that the
length of shoot and root in the Genlll treatments were significantly lower than in the Genll treatments, whereas those in the
Genll treatments were significantly lower than in the Genl treatments. There were no significant differences between the Genl
treatments and the control group. This tendency toward inhibitory activity on plant growth increased with time ( with the
successive poplar generations) and was more prominent in the added-nutrition group. Our results, therefore, suggest that
autotoxins accumulated through root exudates in the rhizosphere soil of continuously monocultured poplar plantations. As a
result of concentration dependence, autotoxins did not significantly inhibit the plant growth at Genl stage. With increasing
years of monoculture, the autotoxic effects significantly inhibited the plant growth by Genlll stage and were especially
significant in the soils that received artificial nutrition. Therefore, long-term monoculture practice and inhibitory autotoxicity

of rhizosphere soil are likely to cause the continuous planting problems seen in poplar plantations.

Key Words: allelopathy; continuous planting obstacle; cutting branch; Lactuca sativa; long-term monoculture;

seed germination
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Table 1 \Characteristics of the selected trees

e it /a it o Wt o e A L)
Treatment Tree age Tree height DBH Individual biomass Stand biomass
I Fpk 10 14.7 20.09 417.52 122.32
I AR 10 13.0 18.47 383.16 115.76
A 10 12.3 18.11 361.89 104.13
1.1.2 RFEHE
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Yy, VIR I (0 A0ARATS TH A 2o 07 J 1) = B v TR AT 8 . AEAR PR 3 B 425 0.25mm i KU 45 H
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(2) e RFFKE (%)= (/K 12 /NFRT] N+ —3FJ] N+ 5 /3 J] N+ - FEx 100
(3) SALBREE (5% ) = BESLHE (5 %) +AEBESLHE (5% )
Hop BEILBE (58%) = BERKE (%) x AT EBELBE (58%) = (KFKE(%) -
%“@Tﬂkg( %)) x HIERE
ANFR BRAZ AR HEEAE P AT 4 SR L 3% 2.

x2 BHRALKLTEWEER
Table 2 Soil physical properties of poplar plantations

e Ak Bt b \ o o

Qb P wE Maximum LB =R i EUR AR
Bulk density/ R - ‘,X pH Total N/ Total P/ Available N/ Available P/

Treatment N moisture Total porosity/ %
(g/cm”) . (g/kg) (g/kg) (mg/kg) (mg/kg)
capacity/ %

AW 1.46+£0.4 32.54+4.2 49.42+6.2 7.70+0.04a 5.97+1.01a 1.26+0.05 71.95+2.11a 11.44+0.29a
JIEAW N 1.49+0.2 32.36+3.9 47.20+7.5 7.72+0.05a 5.21+£0.51b 1.14+0.05 60.34+1.18b 8.42+0.21a
JIIERvN 1.49£0.4 32.34x4.6 46.91x7.1 7.57£0.07b 5.77+0.26a 1.040.04 50.20=1.58¢ 6.64x0.22h

<— [
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FEJEI 20°C , 16 b BE Y] 15°C ,8 h, & 3d BeHria i —ik ,30d J5 59 FIRZERAR , 4 T4 i
1.3 BEHr
SR AR ZE T 22001 (ANOVA) Fldse/Ng i 227 (LSD) &2 56, =2 Excel2007 1 SPSS19.0 58 A%,

2 #R
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Germination rate of lettuce seeds of soil extracts from

>0.05) , 1 MACARE O B SRTP e MRPR T ns AEHRBR TR 5 CK.XBREH, FETE I TR A )
R TR R A A R , H AR R INEFRRIR 5% BEXES ARKE FHFER 190 R ELER
T HEZH S B Y <0.01), LA UL, AR PR
- HEREAS B I PSS AT & i A AR AR B 33X A 1 K 1 0 o 20 A k2
2.1.2 AR A A b v A B i 50 ¢

%@} v zsshl ’fﬁ%xﬁ%‘%ﬁ?ﬁgﬁﬁﬁﬁﬂ il PE Generation I,Generation Il and Generation Il plantations

LR 2 FUR BATIRPR R R Rk S| nRe

oS E, FOXS S ETRR T RO R AR, R Ak 2 o T

FIARHRALE 0.1g/mL ISR FE I RS G B A gk BB 0T

(BB T A o =R RN T |

730 TARMRBEZE VR BRI R, B e |

I FMCHEIE et s, I ARBEZF VB ThEg SR 8

WA A IR FE B K. 0.2¢/mL—0.5g/mL W9k S 6;./0.2 05 o5 1o

2.2 HRER ORI B b K

22,1 RFERBRA IR PR+ R0 K 53T 1 B2 ARSI R AR R

*X‘T e KE/\J ?“2 uﬁl Fig.2 Concentration gradient test of rhizosphere soils on seed
WIS T AT T, T AR, AR T Bermmeon fbiton mae

[+ R 25 AL 5 T B AL AR R 85 4 — 8 T OBt BRALAR A BE (22 5 R 1

%5 TARMREL T ARBRRRARH A B 35 A AP L 1T AP - K JE B WA ( P61 3-B) 5 IR 22 K K JE T

T, P TR 25 2 A K A 1 TR 0 WA | T PR 0 B RO 25 K B T 3 2 57, TG
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6 A E = 37 &

RGBT 75, TOIBTE S SRR AL 2 T E TR AL, AW B IR 28 A2 KA FIAR A K BE Y B 5 R PR K 2
P— B FRAR G 3, I HLE FR TR HJC 8 SR A A R B o g

Ox| ol & lf Ol
20 30 ¢

25| d 4

—I—%
20 +

R AR K
Germ growth length/cm

K
Root elongation length/cm
v

4 0 XXX 1
TR + IR TR TR + IR
AbFE Teatments

B3 AERKREGHARETESRANKEFBEIRERES (A MFAKKE BRMKKE) %m0
Fig.3 Effect of rhizosphere soil extracts of poplar from different generations on the growth of poplar cutting branches ( A: germ growth
length; B: root elongation length)
MR TRER NG TR R R 5% B35 A 25+

2.2.2 AN]SR AAR PR HER AR B K ST A A A 1K A5

B T AR PR - S0 PRV T e U B R A AR TR 2 26 R B R A 8 0 28 AU, T iR 4R
X IR 2 A AR A R A A B 18 o o e B v B 1A R IE R (26 3)

JVR 2 A AR A I IR B A VRV B ) T R T 2 R T AR A ) A A 41 ) e 2 B T R R B o
T ARR B 0. 1g/mL B IE R 1, RIS 0 BEAH b, R HERR O IR 2R A KA (R E T . B3Rkl 0.5¢/
mL B R ZEAE KA B R 4.88em HTHIZEHK 14.7% , SEEWEEETE 0.1g/mL,0.2g/mL 1 1g/mL B 377 7E i 2% 22
505 0.8g/mL R E TR EHEES

EFIRZEAE R IR, MR AR 3 Bt - HER BV VR MR 3 190 T v S S L3 e AU 1% e e, o0 o 3 22 T3
ﬂmﬂﬁﬁ_%,,\ﬂfﬂﬁﬂﬂwﬁf 0.1g/mlL B R Hy f | BIS506 BRAR BL , 882 SR MR A (e dE R, 1345

RN 0.8/ mL PR ARKAS BE R 4.12em IR K 39.2% , & 5 BAE 0.1g/mL 0.2g/mL 1 1g/mL ¥ & it

iﬁﬁﬂiﬁﬁﬁ SYSWRAE 0.5g/ mL I JC i B R 2 5

£3 TRRERRTERERITEGRIESF RN ERZI

Table 3 Experimental results of different concentrations of rhizosphere soil extract affect the germ and root growths of cutting poplar branches

. WEZE Germ 2 Root
Qb WRE/ (g/mL)
Treatment Concentration ARKE/em =/ % KK/ em IR/ %
Growth length Inhibition rate Elongation length Inhibition rate
B 0.1 5.66+0.64d -0.70%+0.08%d 9.04+1.28d -33.33%+4.72%b
Soil extracts 0.2 5.38+1.03cd 5.94%=+1.14%cd 7.10+1.05¢d -4.72%+0.25%b
0.5 4.88+0.72bc 14.69%+2.16%hbd 5.94+1.14bc 12.39%+2.38%a
0.8 4.42+1.01a 22.73%+5.19%a 4.12+0.76ab 39.23%+7.24%a
1 4.32+0.31a 24.83%+1.78%a 2.16+0.40e 68.14%+12.6%e
25 1% B/ Control 5.72+0.74e 6.82+1.07c

NG RR 5% 4% 5
3 it
PRI I A R A R RO S IR AR 2R 50 I8 =P AR5 A 2 SR AR A N AR B AR P - AR
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TRPRB B, S I PR P2 i A P 5 8 A (3R 2) AR T R S5 7 0 A A BIM R A PG, DAL A 51
THERRJE I, AR ZR S0 WA S A R YA T RE A P E TR A A i A . B R R, AR R Y
FRARAY AT L A IO ) IR AR AT B R A B B, AR L S A2 A R R B el A o, B I o o 1 R
SRR T A FREAE T LA ARAR SR o T R0 e A 0 A v T A1 5 AR 88 P A
A E NN 2t — R AT

ARG AU T AN AR P - IR P e AR i e N, T R i A AR R B R B (e /A
JH, A 3 S5 e S Bt 68 19 R P O EL R SR il i oK 15 3 ki 41 T 11 P Sy Jo o A o
PEARCRAT IR BE AR | ey e S B R PR B 45 SRR — B0 R LR ™ 77 A B AR A T
JEMHEAT 5, RS 1 PSR o £ T R A P T i BB R BB W BEA A ] REXH AR A AR 1 7 2245 H
A AT A 25 R s A P BRI v, SRR By i ) e 2 255 7 -5 R 400 9 32 A R O < a2 e TR) i 1
A9 AR o~ SRR i J32 P e A 400 2 A BT R A T o g ) 5 K . T AR (IR JEE 6 IR AN Jk /s
X8 A B HEFR (P 2) o 1S B2 AR e i e B AR P 8 3 XA SR A A A il i v A 22
DL GIRG i — AR R TR Z 5 A R TEARGE R SR B TR T B T B VR PRS00 Y A 1 RE o, JE LA
R Y e A B AR R O 2B T AL S R A P A M R T AR
M BN E,

ARSCAE AR IR JERAF PRI ARAR ) A BE 500, 0 38 38 R AR R A, X 15— B2 R ] B s
$oxt AR AT A #EAE ST E@éﬁ%*ﬁ—ﬁz”z‘”@? A FEARE s AR )RR B A AR O Y
AR S 0 T BRI 52 B - 5Re P4 M A A DR AR ., DRI JUISE R i P i R 0 5 4 1
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