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Effects of Eucalyptus grandis leaf litter at its early stage of decomposition on the growth and
photosynthetic characteristics of Cichorium intybus. WU Xiu-hua', LI Yi-giao', HU Ting-
xing' , CHEN Bao-jun®, YANG Yong-gui®, CHEN Hong', HU Hong-ling' ('Sichuan Province Key
Laboratory of Ecological Engineering, College of Forestry, Sichuan Agricultural University, Ya’ an
625014, Sichuan, China; *Hongya State-owned Forest Farm, Meishan 620365, Sichuan, Chi-
na). -Chin. J. Appl. Ecol. ,2013,24(7) . 1817-1825.

Abstract; From March to May, 2010, a pot experiment was conducted to investigate the effects of
Eucalyptus grandis leaf litter at its early stage of decomposition on the growth and photosynthetic
characteristics of Cichorium intybus. Four treatments with different application rate of the leaf litter,

e.,0g-pot” (CK), 30 g - pot”' (A,), 60 g - pot”' (A,), and 90 g - pot”' (A,), were in-
stalled. Each pot contained 12 kg soil mixed with the leaf litter, and then, C. intybus was sown.
The growth indicators of the C. intybus were measured at the 30, 45, 60, and 75 d after sowing,
and the photosynthetic characteristics of the C. intybus in treatment A, were studied after the seed-
lings third leaf fully expanded. At each measured time, the biomass accumulation and leaf area
growth of C. intybus in treatments A, A,, and A, were inhibited significantly. At the early stage of
the leaf litter decomposition, the synthesis of photosynthetic pigments of the C. intybus seedlings
was inhibited significantly, and the inhibition effect was getting stronger with the increasing amount
of the leaf litter addition. The diurnal change of the seedlings photosynthetic rate in all treatments
showed a bimodal curve with midday depression, the stomatal conductance and water use efficiency
had the same variation trend with the net photosynthetic rate, and the total diurnal photosynthesis
decreased in the order of CK > A;> A,> A;. The GC-MS analysis showed there were 33 kinds of
small molecule compounds released gradually with the decomposition of the leaf litter, among
which, allelopathic substance terpenoid dominated.

Key words: FEucalyptus grandis; leaf litter; Cichorium intybus; allelopathic substance; photosyn-
thesis.
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1.1 W IXAEA
TR0 Hi 5 T PO )48 2 T U 1 Al R 2A BT ]

XN (28°51'18"—30°56'30" N, 101°56'2"—103°22'
35" E) , 134K 580 m. 12 :Hb DX J& W $Aiy VR 1 A Ak, 47
AW 16.2 C, =10 CEUE 5231 C, Hi P2
AR (T H)29.9 °C SRS H)3.7 C,
AEXIRETR B 1774, 3 mm, 25 SO YR 79% | 4E 1
H FR %L 1039.6 h, JTCFED] 298 d.
1.2 5t

Rt - 498 A I 22 T IR DX R R A 7
Mt HOIE AR BAL M . pH 7. 85, A AL 24. 382
g+ kg, 2HO0.662 g - kg, EWE0.665 g - kg™, 4
BP5.571 g - kg, B 14. 726 mg - kg, AP
15. 146 mg - kg_l. I 3 1 em ﬁ%,?j‘}ﬁﬁﬁ
ZH R IHEE, W — 8 J5 TR AT AR 26 em (42
29 em R OIRIMRLE T B 1 12 ke

2010 43 H,F 10 ~ 15 FAEFE AN TA T IR
SHEEIRTE M, T BT AL 1 em® 2245 A/ N B 6
55504 48 B R T AR R T 0. 05%
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Feda il 1 KR, PR A N B ()R K
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310 H) RS E. R Rre e A R imE -
(JERE0.5 em, i 1 em §) , H ISR, 48
JE P T 2 om JEMY 58 BaiEIK LUR] T & 2F. &4k
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BT ZRM T 7&E 4 h. B X T 5 4% 0( CK) 30,60
190 g « pot™'4 NIHFEM K-S LRGSR, &
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Fig.1 Changes of biomass and leaf aera of Cichorium intybus seedlings under different treatments.

CK:0 g-pot™; A :30 g-pot™'; A,:60 g - pot™; A;:90 g - pot™'. T[] The same below.
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2. 2.1 MR AR SRR HEMRET D
W A E O R S R B R
(%£2). 5 CK M, A KA A Chl (a+b) .Chl a
FTChl b 43 HIFAK T 17. 1% (16.9% F1120.4% ; A 4k
FRAYM - Chl (a+b) (Chl a F1 Chl b 43 H &A1
57.3% 57.3% F152.3% (RI<0). ¥ b &, F A
XSG Chl a MOHIHIFREE KT Chl b. 25803 b
R RS SR — 2, AL A AR
=, HLBEYA T it FH = o, HAm i/ S 5. A,
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Fig.2 Diurnal variation of several environmental factors.
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Table 1 Inhibitory rate of morphological indices of Cichorium intybus under different treatments

b P s fi] A Biomass (g) T AH Leaf area (em?)

Treatment time (d) CK A, A, Ay CK A, A, Ay

30 - -0.416 -0.663 -0.732 - -0.195 -0.589 -0.736

45 - -0.448 -0.798 -0.948 - -0.387 -0.662 -0.820

60 - -0.192 -0.686 -0.765 - -0.028 -0.403 -0.679

75 - 0.102 -0.683 -0.787 - 0.043 -0.119 -0. 664

CK:0 g-pot™; A, :30 g-pot™'; A,:60 g - pot™; A;:90 g - pot™'. T[f] The same below.
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Table 2 Pigment contents of Cichorium intybus seedlings under different treatments ( mean+SD)

Ab ¥ 4R a U525 M23R b U5 RCS 958 TRFE %L ESUIE NS fidE %L

Treatment Chl a RI Chl b RI Chl (a+b ) RI Car RI
(mg - ¢”' FM) (mg - g™ FM) (mg - g™ FM) (mg - ¢' FM)

CK 1.850+0. 129a - 0.47120.015a - 2.307+0.155a - 0.431+0.011a -

A 1.537+0.008b -0. 169 0.375+0.003b -0.204 1.912+0.011b -0.171 0.369+0.001b -0.143

A, 1.181+0.043¢ -0.362 0.291+0.008¢ -0.383 1.471+0.051¢ -0.362 0.299+0.012¢ -0.306

Ay 0.790+0. 035d -0.573 0.225+0.012d -0.523 0.986+0.047d -0.573 0.207+0.007d -0.520

[RIZ AR INE PR R Ab B A] 22 53 1 3% ( P<0. 05) Values within a column followed by different letters indicated significant difference among treat-
ments at 0. 05 level. T [f] The same below.
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Fig.3 Diurnal variation of P, T,, g,, C, and WUE of Cichori-

um intybus seedlings under different treatments.

H AR b3 3290 R S R I THIG B 4. — 34 Y9468 . 00—
10:00 & &, 43 %~ 396. 26 umol CO, - mol™ FiI
61.2% ; 14. 00—16: 00 * K, 43 7l A 387.78
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BAEPRE P FFEL B, B 1400 2247 B0 — >
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FHHTEF, 3] 16 .00 £5 AL EUES 2 ANEAE, 05 X
WG R OB AR I, P ERBLN A, >A,>CK>
A, HRBTB RN CK>A >A,>A, R 3 Al 0L, 45
ELL 7  H G A S B R Vg it R 3G i
REARG, o A AbFRERAIG, L CK Ui/ 34. 2% , 45 4b B
) 22 55 4 3
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i B AR g PR 2 i

1£ 8:00,CK F1 A, ZbBRAY L E] CO, MR (C,) ¢
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ALHEAE 10,00 HELP0E 1T A, R AL AEFEAE 1200 H
PRI | T IS A5 b BRIF IR R B, CK 7R 14:00 1 3L
4%, HAAN A 16,00 LA , B35 B L
B CAEFIL N A >A, >CK>A,.

K3 RIHRCEE(WUE) et G 28Rk ry
ZRG S AR M I A FRALK 43 T RE [ 2 1 CO,
. HE 4 vTLLE A A0 B E L v R ) WUE
BIFE 800 iK% — K fw & o, ZJ5 bl T, F1 PAR 1
B G R R, £ 16.00 £ AW TR S A0 P
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Table 3 Daily photosynthesis, daily transpiration and WUE of Cichorium intybus seedlings under different treatments

b3 HOt& BaE TS % H 7815 Bk (=14 HKIITI AR U= %
Treatment Daily photosynthesis RI Daily transpiration RI WUE RI

(pmol CO, - (mmol H,0 - (mmol CO, -

m?-d") m?.d") mol ™! H,0)

CK 71.024a - 48.344b - 15.573a -
A, 62.980b -0.113 51.650a 0.064 13.424b -0.138
A, 56.547c -0.204 42.208¢ -0.127 15.291a -0.018
Ay 46.713d -0.342 51.896a 0.068 10.778¢ -0.308

IRF) K T A, L CK FEIE T 30.8% (£ 3).
2.3 RAEZEAET B PR VR R 4 Al T AR
HOL A VER 2

AT SR, 25 R R AR B A E AT A
ME AR AR DL o A s R R R B 2
S (4. LR E G ERIRIET XRT 5
BN 5 o0 ik () X 2 PR 0 A KA IR AR G 2
a7, B HOE A 5 Y E A AE 90 ¢ - potfl Bt
P AR R A e A B R . X R A E £
S it fin— 2 AR V) A A s Ak
PRI, B B RS 2 R I A K TR 2R 4
FEE N B R PR P Ak BRI o 2 R A A K B 22
S AT RE B TR 5 R A B R
2.4 FEREPRTE o AR v SR AR B T
817 Agilent Chemstation 1 2% T 4F 3l £ 28 Nist
Bt % PR R A Ak 27 B 43, 38 3 12l a0 A 3
245, XL AL KL (Qual ) 90 LA F By Ak & ¥ A7 %
FE IR B — 163545 M A
(£5). R, BRI & AR BOR 22 5
A 33 M NN T W 5T, AR i SN 82.7%
HA iR AT 19 Bl AHXT & B 61.2% |,
33 Ak & PR SRR 74.0% |, T UL R E
FEDATE R B WA LN TRy BEE PR T Y
A3, 33F0L A8 B AR X B AN AR B R 82. 7%

x4 BRRZRBERAEMNHESDHERNZIT

Table 4  Effect of leaf litter of Eucalyptus grandis after

digestion on the growth of Cichorium intybus seedlings

s MR o 1Ay P EpiES

Treatment Leaf area Shoot biomass Photosynthetic rate
(em?) (g - plant™) (pmol CO, -

m2.sh

CK 26.323+0.707a 0.675+0.210a 15.224+1.100a

A, 26.054+0.283a 0.695+0. 190a 15.283+1.323a

A, 26.613+0.235a 0.670+0. 127a 15.246+1.511a

A, 27.021£0.449a 0.6710. 141a 15.464+1.089a

(JERE) . 65.7% (30 d) .65.3% (60 d).56. 6%
(90 d), H:rr 19 Bk 28 Hy B S AH XF 2 & 4 0 R
61.2% (JFFE) . 40. 5% (30 d).36.8% (60 d) .
32.7% (90 d). BLAk, bifi 25 0 % w53 ik, DA A )
M e iy 33 RS A 30 .60 190 d B354 6
10 115 Fpgy BARAGIN 2], FHor 90 d B, AR A 21 1Y
15 Pl BT AL 45 10 il 24 . 16 bl 2 0 7% it
() 3 ik, X SE Ak 5 AT RE BRI B PR v TR 2 ) o
e RS

30 @

ARV Y e B A K B i R PR R AR
R =Y, R AR A S RS R S R
LA TR R e AR AR A 1
L RER AT KA SR, U R AR T R 43 I
i Y TR 27 A R AR W) AR A TR X 8873
TN SRR ALY ) S5 B A v v B o A LA
TR, I HE AR | 52 MR ) 1) b 1 i R A
KORE . AW 5 38 3 of A U 9 o A 43
B, M5 2L 19 RG2S A 1) 33 R HLIL &
Y. 35 P RO A Zhang 55 0
TELERATAE—E 22 5%, Al B2 T A U4 v iR U
M B AU AN ) i B FRD. ELJRE IA T S 5 1) ) Joi 26
A R — e SR R RIS B
B . ISR 2R 5 S R T
FEPm A& ) AT AE T i S A A R Bz 4
Hh RS ORI o, B A RS A
JEAION, 2 A ST 45 ST, A U 9 B ALk
B AR BRI VE Y o i A vh SR B
G if AR AN A AN B BE 200 A, AR 44 X
PEAE RIS B AE T IR AE IR B R U 2k
T 1 ~2 a, AIKE T 90 d B3 [A] P, U4 9%
I3 i Ak T AR RE 21 93 50 R/ N1 W R
AW BL X% 0 i B 1] B 9 v i R AR )
SR I E S5 AR JEURE v e AG H 1) 33 AL S
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x5 ERBEMHSBIEPHEZELERS

Table 5 Chemical constituents from the decomposing leaf litter of Eucalyptus grandis

Fe ke eS| i J A IPUNEE
No. Compound Grouped Molecular ~ Original Relative content (% )
components formula 30 d 60 d 90 d
1 a-JEM alpha-Pipene pIEZNEE A CioHye 12.48  10.05 10.42 9.03
2 M5, B BiHE Camphene PUEIN-N CioHyg 0.97 1.20  0.93 1.05
3 FER IR , A% H B 1,8-Cineole PABZN= NS CoHgO  19.61 11.81 10.28  9.88
4 /INE 7 EE Fenchol KR BTG CoH;30 1.02 0.46 0.33 -
5 a-JEHk TS alpha-Campholene aldehyde FATREAE CioH;60O 0.38 0.29 - -
6 JZ-FAFF I Trans-Pinocarveol KR BTG CoH;0 1.16 0.33 0.23 -
7 AR Pinocarvone WA AT C,oH,4,0 0.44 - - -
8 W HE VK F endo-Borneol KR BTG CioH;s0 2.67 1.37 1.02 1.21
9 o-PAJMEE ( -) -alpha-Terpineol BN CipHisO 3.52 1.19 0.76 -
10 2-#H (+)-2-Carene PUEZNEEN i CioHye 4.33 4.96 3.67 3.89
11 B-f1 71 ¥ beta-Caryophyllene peEIY RS CisHyy 0.41 0.55 0.41 0.50
12 (+)-FWBH&E (+)-Aromadendrene MR CisHyy 0.27 - - -
13 2 JE-5 R L I S e 2-Methyl-5-phenyl Benzoxazole sy CyH, NO 3.02 0.51 0.44 -
14 %E@,ﬂﬂfﬁ{ﬂi%@ (+) -Spathulenol eI RE N CysHy O 0.38 0.21 - -
15 (=) -#EHEEE (=) -Globulol WIEAE CisHyO 0.57 0.34 - -
16 1, 13-+ DUk —#5-3-Hil 1,13-Tetradecadien-3-one il C,H,, 0 0.69 - - -
17 6,10,14-=H K2+ F bl , A ER 2-Pentadecanone 6,10, 14-trimethyl il CisH360 0.86 0.32 - -
18 IS P 2-Hexadecen-1-ol ,3,7,11,15-tetramethyl TF 4% BTG CyoHyO 2.30 3.19 3.46 2.73
19 .+ =45% Tricosane JrEdz Cyy Hyg 0.20 - - -
20 1,3,3-=H 3 =FR[2.2.1.02,6 ] BikE Tricyclo [2.2.1.02,6] hep- BIN CioHyg 0.29 0.16 0.17 -
tane, 1,3,3- trimethyl-
21 2,2" -3 B R (4-H 65U T FERER ), HUAR 2246 2,2 -Methyle- [ CyHy, 0, 0.43 - - 0.37
nebis (6-tert-butyl4-methylphenol )
22 =+ % Dotriacontane belg Cs, Heg 0.72 0.81 0.95 1.17
23 1,2-F% -+ /\bE 1,2-Epoxyoctadecane Tk CigH3 O 0.43 0.64 0.8 1.01
24 1-+/\BEks 1-Octadecene Ji CgHs 1.33 2.36 2.74 2.43
25 2,6,10,15,19,23- /5% 2,6,10,14,18,22- DU /S5 2,6,10, =l CsoHso 2.81 1.83 1.77  1.76
15,19,23-Hexamethyl-2,6,10,14,18 ,22-tracosahexaene
26 16-T /\ Ml 16-Octadecenal fi% CigH3,0 4.24  6.91 7.56 7.66
27 b7 S i Cyclotetracosane Wik Cyy Hyg 2.53 5.03 5.26 3.75
28 Z2-BR-14-—+ =BRI&EE (Z)-14-Tricosenyl formate fig CyHy O, 3.28 4.32 5.17 4.06
29 AFMW Vitamin E g CoHsy 0, 5.71  0.58  1.12 -
30 Bl Neophytadiene FFHE B CyoHyg 1.07 - - -
31 2§ B Stigmast-5-en-3-ol kG CyHsO 1.32 2,04 2.63 2.85
32 K4 Junipene WML CisHy, 1.07  2.16  2.39 2.67
33 - IEEE Viminalol 8 Cs0Hs50 0 2.17 2.05 2.68 0.53

19 Fhiph 284 A Wy ke % 2 ft S
14 FhAEBE S A A& AR ST & f SR
33 Rk A WA B B

19 SR AT 5 33 L4 9 L)

61.17 40.52 36.79 32.72
21.51 25.15 28.49 23.83
82.70  65.67 65.28 56.55
73.98 61.70 56.36 57.86

CHIXT AT R AL AE GC-MS i bt g T AR 5 B TR AY LL A “ The relative content” meant the peak aera of each component of the total peak

aera ratio in GC-MS anlysis.

FEONS 5 et MBE A U4 7% 09 20 i a2 A /b | HLDIAE:
h AR A ) SO D B B3 U
90 d J&i, 15 FhoRA I 2 i b 4 55 10 Rk
Jit, LR i 6 HAT ARG 1 1) ) it B O 9 14 23
e APRE  JFAE L P AR T X AR )7 AR A
TEH.

Sl X (PR iR/ NS -3 iDE A | B ok NI (B
ST A R AT 30 PR 3 55 0 F b A g 3

B, CK A, A, AKCFE R 3 =it g P, H
A R T ARAE R 26, A, (A, FI AL AL P,
T e W (B Sl I T CK TR HOB A MR A A 6
ROEBRMN . CK>A, >A,>A,, HA& A BRE] 1 22
S R E AL YRI5 v A B @ T A e
A BRMLE  IDGRE AL 55, 531
LHTE A BOCR AR, SE 06 T AR ik
g SR Y G A AE A B N T SO O 2
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HNFEIIEE S5 B e, DTS e 48 Y CO, 1 TR 4k
B BRIE. ARG A, AR AANERE g 75 |
R BART CK, P4 5148 CK & 7E A
HAMb RN, CK B WUE ¥R E & T A, A F A,
Ab P I R U 5 A R Y 2 1 RS S AL AT
AESZ BIREIR , U HAESROE A S R R, 3k < fL
AR, R, A (2R A iR TR o3RIl TR %
%, FEOCE WA s Al T 4 E L
HEREE.

W75 220, ALIEAE FHGHE D G & 28 AR B
PR AR 0 AR IR A B T AL A 9 45
B E N A KR 60 d N, A, (A, FI A 4L HH
(14 A= By e A0 I e R R LA K R B E KT CK
60 dLLJG , A, A, b B ) A i AT 1 AR S LR 22
MR T CK, 1M A A B b 38 IR
CK . A, Fll A, Zb 3. 3 AT B H T LA BN 7E 45 ~
60 d I F B MRS, 2 )5 CK I FFHRAaAEEK
HRAZ BN RS, A, A, A0 BB 0 B 5 s D
IR TR, AR A K H RN PRI B Wk & 2
BT A A3 H 08 95 it SR, U R Y
TR ST A BH Bk D | S SO AR RAR SR Ak T 4 1
TR, VLAY ot (% R Tk A A F B A IR 8] 28007
I BE RN . 35 ARG A5 RS R 450 BT
SERAHZEAL. AR AR IS I AR AE AT o it
FErh g R I HRAE S R AE T I R I ,
£ 60 d LUF CK A I AERK RS 4.

Zi LTIk BRI TR o3 A 00 SRS I ) Ak B
Bt F AR T A E A AR A LA EN
FEIIRD | B A0 48 15 4 i R A A AR A7 3 S
il , R\ E ARG A 5 EME A FE.
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