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Effects of decomposing Eucalyptus grandis root on the growth and photosynthetic

characteristics of Cichorium intybus
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Abstract; In resent years, a large number of fast-growing exotic species had been introduced to south China for restoration
and recon-struction of degraded ecosystem and economic development. Eucalyptus grandis, one of important tree species,
was widely used in the Project of Returning Farmland to Forest and also used in afforestation in mountainous area. With the
rapid development of E. grandis plantation, It has been not only brought tremendous economic benefits but also caused a
series of ecological and environmental problems, such as soil degradation, the loss of soil nutrients, the decrease of soil
productivity and the biological diversity shrinking, so its develop-ment has been atiracted a great deal of controversy. It was
reported that E. grandis could release certain chemical substances to inhibit the growth of the plants near and/or under the

crown of E. grandis plantations. It is of great practical significance to explore the allelopathic effects and mechanisms of E.
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grandis litter (fallen leaves and dead roots) on some crops which were often intercropped with E. grandis in the system of
agroforestry. Cichorium intybus was a kind of high—quality forage grass which was very common in south China, thus it was
selected in this study. A pot experiment was conducted to study the effects of E. grandis root on the growth and the
photosynthesis of C. intybus during its early stage of decomposition. Each pot contained 10 kg soil mixed with different
amounts of E. grandis root (50 g/pot, A, ; 100 g/pot, A,; and 0 g/pot, CK), and sowed with C. intybus. The growth
indicators and the photosynthetic characteristics of C. intybus were measured after the third leaf of seedling fully expanded in
treatment A,. The results were as follows. At the early stage of E. grandis root decomposition, the height, root and leaf area
growth, biomass accumulation, and the content of photosynthetic pigment of C. intybus were significantly inhibited, and the
inhibition effect was getting stronger with the increasing amount of E. grandis root addition; The intercellular CO,
concentration( C,) of C. intybus was increased by root addition, while net photosynthetic rate( P, ) , stomatal conduct-ance
(G,) and transpiration rate( ) were significantly lower than those of the control; With the increase of root addition, all
parameters of light response and CO, response of C. intybus showed an obviously downward trend except CO, compensation
point, and there existed significant differences between the treatments of root additions and the control; The growth indexes
showed a negative correlation with the intercellular CO, concentration, while it showed significant or extremely significant
positive correlation with other photosynthetic parameters, photosynthetic pigments, and the corresponding parameters of the
response curve; Detection wtith GC-MS showed that E. grandis, roots contained chemical substances which had allelopathic
potential , such as 2,6-Bis( 1, 1-dimethylethyl ) -4-methylphenol and Benzeneeth-anamine, N-methl. Tt was indicated that,
when E. grandis root decomposed, the allelopathic substances released gradually and acted on receptor plants, inhibited the
synthesis of photosynthetic pigments and the photosynthesis of the receptors, decreased the adaptation ability of receptors to

environment and accordingly, inhibited the growth of C. intybus.

Key Words: Eucalyptus grandis; root; Cichorium intybus; allelopathy; allelopathic substance; photosynthesis
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Table 1 Effect of decomposing root of Eucalyptus grandis on the growth indices of Cichorium intybus seedings ( mean+SD)

b3 3= TG HL (IS8 feigdss mml RS BRI Rl REL LI dE %
Treatments ~ Height/cm RI length/cm RI Leaf area/cm’ RI Biomass/g RI Root/Shoot RI

CK 14.82+0.68a - 8.85+0.87a - 18.79+0.99a - 2.29+0.02a - 0.39+0.02a -
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Table 2 Effect of decomposing root of Eucalyptus. grandis on pigment content of Cichorium intybus seedlings
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Table 3 Effect of decomposing root of Eucalyptus grandis on photosynthetic rate and gas exchange parameters of Cichorium intybus seedlings
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Fig.1 Light response curve and CO, response curve of photosynthesis in Cichorium intybus leaves under different root treatments
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Table 4 Parameters of photosynthetic rate in response to CO, concentration in Cichorium intybus under different root treatments

YAVl 32 () N D AR N I,
R;BE ;ﬁpﬁ;&f( CE)  HRHL .:..ﬁEi Puna) o, ta 1 CSP) CO, M (CCP) NI (R, )
. ﬂt‘lﬁ t u eﬁ;‘i;r‘l’(x;’/dtwn hot Mm;mu.m o CO, saturation point/  CO, compenssation point/ Photorespiration rate/
reatments > c1enc photosynthesis rate, 2o 2o . 2 -1
(pmol CO,m™2s71) (pmol CO;m™2 s™1) (umol CO,m™ s71) (pmol CO,m™>s7") (pmol CO,m™> s7")
CK 0.059a 29.030a 1004.498a 67.038b 3.356a
A 0.054a 27.840b 963.322b 68.596h 3.142b
A, 0.039h 27.440b 949.481¢ 94.767a 2.899¢
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Table 5 Parameters of photosynthetic rate in response to light intensity in Cichorium intybus leaves under different root treatments

X RFIFOCETEIE(P 0
FMETHEAQY) L)
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Apparent quantum yield/

(pmol CO,m™2s7")

Treatments photosynthesis rate/

(wmol CO,m™2s7")

JCAAE (LSP)
Light saturation point/
(umol CO,m™2s7")

WP HR (R,)
Dark respiration rate/
(wmol CO,m™2s71)

SR (LCP)
Light compensation point/
(pmol CO,m™2s7")

CK 0.039a 14.800a
A, 0.038a 9.450b
A, 0.029b 7.140c¢

316.000a 22.700a 0.892a
192.000b 11.900b 0.486b
194.000b 7.1300¢ 0.227¢

[FIFIAN R /NG b s b B E] 22 57 3% (P< 0.05)

TE—E B RAET , W R R IOE 3 AR KR
T RSO A EIRE D SR R AR
S 1R o8 G BE A M 9 0, JE G20 55 1 4 )
FIRE T, ABEIE T, A, A, bR 35 4 i

AQY P, ISP LCP R, %ML T CK 2 T
Fo 5 CK M, AR AQY BT 25.6%, A, Fl
A P, Ay FIBEAR T 36.19% F1 51.8%, A, kb B i)
LSP \LCP 5 R fH#R/N, 53 HIBEAR T 38.6% ,68.6% Fil
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74.6% (3 5)
2.3.3 HEMFEEARKEIRSWN LS
AT

N 6 Fran , 44 T A W AN - T AR e R R £k
FHESEAQY [ CE Z A & B & a8 3 A 4k
Y5 R,(R=0.999) S W35 IEAHG; iH i S R

(R=0.976) 4% b 35 1E A0 5 5 45 20 b7 Hh 28 S8
Z IR IEA O, Horh AQY 55 R (R=0.917) #
CE(R=0.987) 2t W & IEAH G, HILE H, AQY,
CE R} R, 56 Z %5 SL I R L FAEH it
(G 2t T o A A 4 A B R

x6 FETELERKBREMNHEXSHZ BRHEXREY
Table 6 Correlation coefficient between the main growth indices and the intensity parameters in Cichorium intybus

~ " i RuBP N -
b R R g B gy W
Index Leaf area Biomass TR ALk AR AR R

‘ B (AQY) (CE) ’ ’

M1 AR Leaf area 1.000
¥ Biomass 0.973 " 1.000

[ = 75 322
RME PR 0.812° 0.922°** 1.000
Apparent quantum efficiency (AQY)
RuBP R AbaLHR

. * . o . o 1.000
RuBP carboxylation efficiency CE 0-893 0.972 0.987
dhians 0.976 *" 0.997 ** 0.917*" 0.969 ** 1.000
Light respiration rate( R,) : ’ ’ ’ ’
PR T 0.999 ** 0.984 " 0.842" 0.916" 0.987 " 1.000
Dark respiration rate (R,) ' ' ' ' ’ ’
2.4 BEAARFR I AR R R A U o B N ] SO i S o 11 S Rl TV AN o o

i Agilent Chemstation £k 5= T./F 3§ #; & Nist
PR B (] PR A A 2 o3, I 3 ok 32l Al A 3
FY5, X5 VL6 %0 (Qual) 90 LA b i 1k A W it 47 %
A I e R U — AT 5 A A AR o i
(RT), GRFRWEMMRATIEZEAR 2,6- T
JEXTH I 1-HV R 1- - 2 e e e

Bt A \BE I = bE L B-A B N-FT B R 2

75 FH R = ik A e 5 14%#%1%52% XY,
2, b7 63.8% , HK O B-AF 812, 15 31.2%, 7%

ez o, 2,6-— ,ﬂTﬁwmm\N-qﬂ%ma
= EA R T

eSS e
XLk
1, IE

®7 ERREPNEIZFNAS

Table 7 The main organic constituents in the root of E. grandis

5

sl

s T ﬁﬂ‘ [ L&A Grouped Moleoular *ﬁﬁﬁﬁ/%
No. min Compound components formula Relative content
. 17.08 2% ;Bq;s éﬁ 1), 1-dimethylethyl ) -4-methylphenol ( 2, 6-—# T i C\sH,0 172
2 21.22 1-ethyl-1-methyl-Cyclohexane ( 1-F 3 |1 Z 3382 ¢ ) BZYS CoH g 3.49
3 30.87 Tnacontane ( 1E = 1%¢) Tk C3He 3.08
4 32.57 Tncosane ( 1E 1 =4t) P Cp3Hyg 7.04
5 34.19 Tetracosane ( .1 PU%t ) sy CyyHsy 8.04
6 35.76 Pentacosane( —+ i) Pk CysHs, 9.72
7 37.26 Octacosane ( 1 /\Jt) sy CpsHsg 7.91
8 38.71 Heptacosane( —.-£%%) S CyrHsg 7.36
9 40.12 Docosane( 1 %) PSS CypHye 4.89
10 41.48 Octadecane (1 /\%t) Pk CigHyg 3.46
11 42.75 Eicosane( —1%¢) PSS CyHy, 2.09
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PN T
£ N jJ =)
e REE A I LT e
. Grouped Molecular X
No. min Compound Relative content
components formula

12 45.94 B-sitosterol ( B—ﬁ‘ﬁﬁ@) SIS CyoHs0O 31.24

13 47.42 Benzeneethanamine , N-methl ( N-F1 3£ 28 2, 1% ) % CoH ;3N 3.21

14 49.32 Hexamethylcyclotrisiloxane ( 75 B 3£ 3R =k b ) b7y CeH 5045Si, 6.74

“REXS i R A M E GC-MS S3H b i g T AR o e T AR L 4]

3 e

R AR BN A PR S IR, SRS
PR —E RS AR )RR AR A A B R FIAR - 4 5 i
P BRI AL 2 PR R R A AR K BN R 2
— T CRERME Y S R B b 2 N -4
HSK 3 SR B RT3 3 73 s A0 ST AR IR fifk 1) 7
A AR BRIt 28 AR A & 4y, 7= HE AR BRSO, 2 1
PR AR AR KR FT KRBT R
R T DA Ao AR 28 20 A T BEAR 23 A 14 77 5 1) - 4
RO SR ICR Lo T (A R ]
UCAEAC ), X SE W it A BRI | 52 Wi H ) ol
Tk AR AER LT ™ AR LS YR
ABEFEE I B AR FR BT A E 14 R LA A
P,k 5 R PHE Y CERDERE TR NIAE X E A
WRAAF R 3 BT ) B AR R R B A A —
ZESTE IX AT RER T AR R AN [R] AR A [
SRR TG R A R R R
FUAEAR 2R SR B b A 1 ) A B i T 2R 97 7
FIE et , T 46 4y J5 n] RE HAT 00 ) b3~ 1 | &l AR
K 2R A RO SRR T, A 58 45 R IR SR
Ay AREPRAG T B e R BRI AR ) A7
2 5 E AR

JeE YRR Y BB A S R B AR
SRR 7 RO Y B E
PR, BRE A1 1 S 0 WA 0 2 I Rt 0t 1
SRESIRERR Y ARBFSTEER R AL B A, A, 1AL
FRE(G,) BN ALBRBIER R, AR TR A
P, NI S BEEME R (T,) TR, R E MR R 5
FRRI R 1A B R ALK 5 25088, X 5
WA HRAE A0 Mersie ™ UBFIE 45 R — B, WAh, B
PR R AL EE M T E M AL ORI AR,
VFZOIT 2 T AR S5 2R, 07 5 R | B LR |
PR R . 2% W IR 45 10 2 Fh Ak W) it b 2R 52

( Glycine max) JAEH R SR B TR H
B 455 %5} 35 46 ( Dendranthema morifolium) | %% 22 W]
L3 S s ( Pinus tabulaeformis ) F1A Yg AR L) 3
i T ( Solanum melongena) WIWFFY J5 3¢ B AL B4 o g
LG OR BEREE, AU, A, A PE R
FMH T A E R T RCE (AQY) (RuBP R
W (CE) WEWFIGE A (R,) KOG (R,)
R 5T BRI T A ) X D6 RE K €O, 1Y ) FH fiE
T, WAL HE A (A, B A R R (LCP) 561 A
(LSP) IZZ{H LI K CO, #Mat i (CCP) 5 CO, ML A,
(CSP) Z A Z(EIR T CK, o136 W Ak Jg4) J5T 7T g
REAI T HEA6 IR v CO, Yk B2 IO PR 45 B 28 119 35 7
REST o ASBIFSE 45 SRR WAL I S50 mT LA SE 2o 52 ) 52 1K
G, .CH T SRR B2 w6 VE N, R it mT
PUEAE X G S (R CE FlAQY SFE AL R4
SR (B 2SR, RIS 4 8 5 1 R R O
B B PERER R BB EOC G BRI TR LA
Yy /b 5 T S B B A ) i 0 R A

25 b BRI 2R 0 ik R T ) A 2 ) T 0 AR AR
ISR TR HOG A DL FIO'G G A BTG | 3
RN 5B A VR 2 T6 MR o 5 AR
BB, R ] A ALIF R, X e R FEAR T4
ELRYGERE S, g BR ) o AR R A, e
AR RTHER
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