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The effect of decomposing leaf litter of blue gum ( Eucalyptus globulus) on the

growth and photosynthetic characteristics of spinach ( Spinacia oleracea)

CHEN Hong', ZHOU Guangliang' , HU Tingxing"* , LI Wanjun', LUO Jie', CHEN Gang', JING Jianfei’

1 College of Forestry, Sichuan Agriculiural University, Ya'an 625014, China
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Abstract; A pot experiment was conducted to study the effects of decomposing leaf litter of blue gum ( Eucalyptus globulus)
on the growth and photosynthetic characteristics of spinach ( Spinacia oleracea) . Four levels of leaf litter addition were set as
follows: CK (the control, 0 g/pot), L30 (30 g/pot), L60 (60 g/pot), 190 (90 g/pot) and L.120 (120 g/pot), and
each pot contained 10 kg of soil for mixing with the leaf litter. The results showed that; (1) A low dose of leaf litter (L30)
did not affect the biomass accumulation of spinach on the 30" day of decomposition, while a medium and high dose of leaf
litter (LL60—L120) suppressed it visually (P<0.05); When the duration of decomposition reached 50 d, both .30 and
L60 stimulated the accumulation of the biomass of spinach, and no significant difference existed between 1.90 and CK,
while the effect of L.120 was still suppressive, indicating a languishment of the inhibition of leaf litter decomposition. (2)
The effects of leaf litter decomposition on the photosynthetic pigments of spinach also varied with increasing time and leaf

litter amount. Positive effect was observed at 1.30 and L60 in the chlorophyll content, while L.120 converted this effect.
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However, the effects of these leaf litter treatments were not apparent until the 40" d. (3) The intercellular CoO,
concentration ( Ci) , stomatal conductance (Gs) and transpiration rate ( Tr) were all significantly higher than those of the
control (P<0.05), while the peak value of the net photosynthetic rate ( Pn) appeared at .30, which were statistically the
same with that under the CK at 160 and 1.90, moreover, significant decrease was only observed at 1.120 (P<0.05); (4)
As for the parameters of light response curve and CO, response curve, the apparent quantum yield (AQY ), maximum net
RuBP apparent carboxylation efficiency (CE) and photorespiration rate ( Rp) all showed a trend of increasing at L30 and
decreasing gradually with increasing leaf litter, while CO, saturation point ( Csp) and CO, compensation point ( Ccp)
increased with the increase of leaf litter. In sum, a small amount of blue gum leaf litter (treatment L30 in present study)
could promote the chlorophyll content and the light / CO, use efficiency of spinach, and thus stimulated its growth, but a
high level of leaf litter (treatment 1.90 and L.120) reversed this effect.

Key Words: blue gum ( Eucalypius globulus ) ; leaf litter; allelopathic effect; spinach ( Spinacia oleracea ) ;

photosynthetic characteristics
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1 HEEARAE 3.7°C , 444 H BRAF4X 1039.6 h, TCFEH] 298 d, 4F [ K IR 1774.3 mm, 55 SAEYRE 79%
1.2 K5k

AR 42 29 em JEAE 17 em & 25 om R 0GB 307 2R 5256, R ve PR VDI +
(pH7. 85, AL 24.38 g/kg, &4 0.66 g/kg, &4 5.81 g/kg, WAL W 128.63 mg/kg, AL 15.27 mg/kg) .
2010 4% 3 A, TR Py 25 4 AR iR N TR IS A A v i (B s by 2 3 AR 2 )
TG B 1 Lem® 2247 B /N B2 BB S S R o B AR 4 B 25, Pl I T 24 1 ol 4 IR 55358, 49 iy 1
0. 5%KMnO 7% ¥4 5 20 min, Y H 65 CHIGTRERFN 1 d,
1.3 kit

F B ZFEHLIRIO T, B L30(30 g/ #%) . L60(60 g/7) .190(90 g/7) L120( 120 g/%5)4 D&
A INKSE X B CK NI s i, KPR 6 DS 4 30 2 ¥ e Fr s A M i 5 3% (10 kg) 1R
G5 RIG— RSB K , Z G bR R BEK , F HH2 338K 43 A ( ML2x , GBR ) Wi -2 ) - 438 5 Ak o,
PR HERE N 18% (HIEARFE /KR, 9 R 4 58 [l BE K HE Y 80% ) , 1 JAlJS (2010 -4 H 7 H) #%&
ﬁlﬂﬁm FERRTe e LR 1 0.5 om B, H F 4] SIE R T (30 R/ ) ARG A 1 lem BEIF BB K,
FEA AL P23 B S 055 10 RIEHE 1 IR, G2 W IR 5 R AR B 10 Bk, -7 % M0 B 4S8, 76 %
JRTENT 20 30 d 5 50 d 4547 1 kAR FEFRIE , - F 2010 455 A 17 H (18 H 19 H 3d RliZ2 i 32 19 %
WA A FE PRI T E O BE TS HSH .S H 17 HMS A 27 HA3IE)
1.4 WEFRbR KOTiE:
1.4.1  AYpE AR Kot 25 a il e

BEATL L IS b SR R 3540 BB THEAR T 105°C T 233 30 min, SR )5 80°C R4t T Z A 5, 5 kb
LT E (AR 3 K, HEE 6 k) . REES AL HLR RO AL A, Li- 3100 {8 4 2RO i R
L (Li-Cor, USA) M5 Hnt 1w A, 75 A5 H .5 A 17 HAS A 27 H 435 B Ab B 37 R [5] — 40 sl F 7 o]
LR, - 2 R A AR BGE SR EUE K 723PC AR I E (R SR
1.4.2 A4 FIEARAY I E

T 2010 4 5 7 17 H R H Li- 6400 8 4% X% A 0 %€ {X (Li-Cor Inc., USA), A T.# il CO, ¥k & 400
pmolCO,/mol i & 25°C FEHRGRE 1200 pmol m™ s~ MBS G 3% (Pn) ZEBHR (Tr) SILTEE (Gs) Al
L[] CO, MR (Ci) A3 5 RE & FF A 10 5% 10 4k,

T 2010 45 H 18,19 H 9.00—11:30 43 i#E4 7 32 A Y1 N 55 CO, M 07 (430 A, ) o7 ity 8 30 5
I8 E I REE M (25+1) °C 28 M K 70%

Pn-PAR Wi 1 . CO, ¥ I B 400 pmol/mol , Y5 AU R it PAR #6225 0,50,100, 150,200,400 ,600
80012001600 ,2000 2500 pmol m2s™",

Pn-Ci WiV ; PAR %52} 1000 pmol m™ s™' % E CO, ¥ M N 0,50,75.100, 150,200,400 600,800
12001600 ,2000 pmol/mol.,
1.5 b

SR A B AU LB AL A B 26 IR A S0 R FRCR (AQY) (R K e A R

(P, JEICHRFN R (Lsp) JEAMER (Lep) WEVFIGE R (Rd) o SR EL A B CO, MR fh£k ", IFiT8
WA ZH RuBP MR AR (CE) I REEEHR(P,,) L COAUAEL(Csp) (COAMEE R ( Cep) FIGIT
W (Rp) o

PRI HEH (RT) BT8R 3% IR Williamson 2520 058 RI=1-C/T (4 T=C B B RI=T/C-1 (4
T<CB}) o o, € Jxf BRME , T A FR(E , RT A ACBESN A8 EL, RI>0 A2 #EVE T, RI<O il 4 F , 4 Xl R
INFEIRAR A FH AR

K FH Microsoft Excel 2007 XJEHE 4700 A48 | R SPSS16.0 Gt it Bk 2k 3547 58 K 7 2243477 ( One-
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way ANOVA ) F122 5 W Z PR 55 (LSD 35) o
2 #RESW

2.1 IR TS A A BRI A HR BRI

A2 1 A AR PR TSI A 30 d s G EE AR E (1.30) b st 3504 A B JC B B 2R ( P>0.05) , T
R EAAFE (160,190 5 L120) i b 4r A= W i 34 B F KT CK (P <0.05) , fh J8 il 24 B 43 51 3k 8 T
-0.405 ,-0.472 F1-0.286, Ti7EJH #7350 d Jo , 3 B o3 2B e R Bk L30 H1 L60 3% & T CK(P<
0.05) , ALIBAR HERL N 4351 4 0.469 F110.278,1.90 5 CK WG i & 22 5+ (P>0.05) ,{¥ L120 AL B B Z KT CK
(P<0.05) .

F1 HEREEMLAETERNERRRL
Table 1 Growth traits of S. oleracea treated with different amount of E. globulus leaf litter

Hi b A Ho b A=

Sy iRt ) /d Vegisd A i)/ d ST
G Tl?' e (3 b URRT R I3 fi TH. e (3 1) URETiE
Decomposing R Response Decomposing . . Response

. Treatment Shoot biomass . . Treatment Shoot biomass .
duration index (RI) duration index (RI)
/(g/3plants) /(g/3plants)
CK 0.3520+0.0156 a — CK 1.1095+0.0488 ¢ —

L30 0.3095+0.0191 ab -0.121 L30 2.0893+0.1344 a 0.469

30 L60 0.2095+0.0007 ¢ -0.405 50 L60 1.5370+0.4415 b 0.278

190 0.1857+0.0165 ¢ -0.472 1.90 1.0523+0.1840 ¢ -0.052

L120 0.2515+0.0304 be -0.286 L120 0.4453+0.0235 d -0.599

RPN /NG TR R A Bl jE] 22 57 .35 ( P<0.05)

2.2 WA TE NS R BE SO A R RN

AR SRR R DGR RE T R 2 — . HER 2 AT, ZEJA T 40 28 d B, 160 Ab 3y
4¢3 a(Chla) M4 K b(Chlb) FHEH B E R T CK(P<0.05) , KA KA S CK 25 8 83 (P>
0.05) , #4340 d 5 50 d J5,130 Fil L60 AbFEA 5% Chla ,Chlb & &1 3 5 T CK(P<0.05),190 5
CK JL %A 25,1 L120 KT CK(P<0.05) , XFE—E AR E (L30 1 L60) X e £ a4
B FESEVE T T8 95 R ot — 2 FE B (L120) e MidlfE . Chla/ Chlb {8 A28 fLRE S Bt Bt & 16 MR 3
55, Chla/Chlb {8 725 /1N, 45 F) T 99 W2 W B 22 (9566, Chla/Chlb B 28 K, A 1 T VE B o %'t BE i B B 7
2 FERITEM A3 28 d I, & A FRAYEESE Chla/Chlb (R WL 535 2% 5 (P>0.05) ;40 d I & 190 4bF4k , I
T RE PR3 5% Chla/ Chlb (I T CK 1M 8 7% 43+ 50 d J& , X 1120 23 A 3% 5% Chla/Chlb B 1 2% & T
CK(P<0.05) , HEdiiEnt b ¥ CK 27483 (P>0.05),

HHAE N (Car) BRAESCAVER TP AT MILIhRESN, 26 T WSO A BE i, VAR O3 48, B 1k S A Ak
1 2% 2 AT ZE VR A3 28 d S, A5 JRTE AR BEAY3E SR Car F i 5 CK 225 AR (P>0.05) ; V& 43 40 d
i, 130 .L60 F1 LO0 AbFRAYIESE Car & W E E T CK(P<0.05) ,L120 ZbFH i E KT CK(P<0.05) ;%] 50 d
I, Car & 7E L30 F1 L60 AP R &8 T CK(P<0.05) , 78 L120 4B R4} & 3K T CK(P<0.05) , MMi7F
190 4b R 5 CK T 2 5,
2.3 WEARRTE I S R B SRR R SRS I S

L T AT St oo B s 38 (P ) BEIR V& I 0 3G T S 305G S B A a3 Hor 130 Ab 3T
Pn iR, 5 CK 22533k B /K (P<0.05) , 160 11 190 AL H ) Pn 5 CK 25K B3 (P>0.05) ,L120 &b B
Pn Ui KT CK(P<0.05) . #5514 i v it b B FL T BE ( Gs ) MR A8 AR ARV B2 ( Ci) 528 4 (Tr) 3
BE R T CK(P<0.05) , 7K 73 F R (Wue ) BJE 7 - 0934 00 52 30 BEAR Y 3, 2% I v it ik 33 g =%
T CK(P<0.05) ,
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Table 2 The content of photosynthetic pigments of S. oleracea treated with different amount of E. globulus leaf litter

SRt i)/ d b B 4% a M4 b Chla/Chlb ESTEAS
Decomposing duration Treatment Chla/ (mg/g) Chlb/ ( mg/g) /(mg/g) Car/(mg/g)
CK 1.021:0.045 b 0.291+0.004 b 3.5940.040 a 0.257+0.012 ab
130 1.034:£0.050 b 0.298+0.003 b 3.566+0.018 a 0.2500.007 b
28 L60 1.203£0.053 a 0.352+0.023 a 3.37420.007 a 0.269+0.001 a
190 1.08320.050 b 0.308:£0.003 b 3.449+0.202 a 0.255:£0.004 ab
1120 1.040£0.067 b 0.281+0.031 b 3.407+0.139 a 0.249+0.010 b
CK 1.01920.026 b 0.285:£0.004 b 3.527+0.016 a 0.222:£0.009 b
130 1.199£0.018 a 0.346+0.001 a 3.464+0.037 be 0.2530.004 a
40 L60 1.19220.111 a 0.340=0.024 a 3.326+0.025 d 0.2600.005 a
190 1.064:£0.070 ab 0.303+0.018 b 3.512+0.017 ab 0.248+0.007 a
L120 0.675+0.036 c 0.194x0.012 ¢ 3.432+0.016 ¢ 0.191£0.003 ¢
CK 1.091£0.108 ¢ 0.333+0.025 b 3.427+0.009 be 0.282+0.030 ¢
130 1.77020.039 a 0.552+0.035 a 3.331x0.127 ¢ 0.452+0.044 a
50 L60 1.320£0.018 b 0.350+0.054 b 3.478+0.151 be 0.3530.030 b
190 1.02520.098 ¢ 0.3050.027 b 3.730£0.036 b 0.265+0.019 ¢
1120 0.708+0.089 d 0.152+0.024 ¢ 4.667+0.177 a 0.208+0.010 d

2.4 EFERTE I AN T SRS 7 pH £ 1) 5 1

P & 2 AT L AN [R5t T 8 S 4 D ) 1 R A7 A 2 BH S 1) e BE RGN, BRI/ 8 1) 9 9% i (1L30)
PEE T B SAE A0 N vl A R T B 2 U 7 I B S RS I, 550658 R 9 SR b A s R B W A, K/
G2 - 1.30>CK>160>1.90>1.120,,

PR e 7 il 2R T A5 3 Z2 0060 B RRAE S50, Ho ke AT Lep MR — 2 BOEHIR R Ok &
VRS CO, B4 TR IR AR FH 8k 28] - DR 25 B A s B B8R 38 | LR /N | 0 A4 00 ) ) 538 O i T i, Sl A A o
Lsp W] Jsz e 24 38 1 5 — S B, AFL ) B G T3 AN 13- Bt ' 5 100 138 v T 98, AR R, DA 40 1) 1) e e 1)
AEFMRIB ) 3 AT 130 4B FUESE Lop 5 CK 225 A K, i L60 . 190 L120 B{E T CK, 43 B FEA% T
29.86% .23.72% .52.59% , FWERFAEFE AQY (EMkE , WML YIAE 5506 T e Al G RE RO RCR st ) H I )
RREOCEHE P SR YOCE AR RS N EEE bR, AR b A B AQY (P, R IHHE Rd 3L AH [
(75 Ak a3 332 90k L30>CK>L60>190>L120.,

x3 AREIEEMEE T RN F RS RFIESE
Table 3 Parameters obtained from the light response curve of S. oleracea leaves under different leaf litter treatments

= PN LS

g TR AQY HAEL Lop HlRI L - WP R
Treat . . Apparent quantum yield/ Light compensation point/  Light saturation point/ . hm:‘ (hetic rate/ Dark respiration rate/
¢ net photosynthetic rate,
reatmen (pmol CO, m™2s71) (pmol J6F m™2s71) (pmol J&6F m2s7") P ‘y oo (wmol CO, m™2s71)
(pmol CO, m™ s7™")
CK 0.0621 29.1562 352.8277 20.1 1.8106
L30 0.0709 29.2652 389.3371 25.6 2.0040
L60 0.0616 20.4497 273.6964 15.6 1.2597
190 0.0539 22.2393 215.1892 10.4 1.1987
L120 0.0440 13.8227 174.7318 7.1 0.6082

2.5 WA XS CO, HI']T“HH%%EI’J% M
r I 3 AT, CO MR EAEMRT 1200 pmol m™ s™' B, 244 B A T R AU R/NE N A CK>L30>160 ~1.90
>L120,{H7E 1200 wmol m™> s™' Lh Fi§6 A 3 R N2 L30~CK>L60~190>1120,
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Fig.1 Net photosynthetic rate and gas exchange parameters of S. oleracea treated with different amount of E. globulus leaf litter

FH 2 4 AT UL Bl A7 s 3N, COL #ME2 A Cep
5 COMUM AL Csp (R{H 22 I HE 2 9 5 (9 B 355 130 Ak
PRI SRR AL EOR CE I KAl R P, FIEIE I
R Rp & T CK, T L60 190 L120 43 F (X =T %
BEMET CK, CE ZMR; £ 4E 200 pmol CO, m™ 5™
DU B DI RRR R T REYITE 45 02 451 T X o,
HIRIEBE 1, 55 CK AL, 130 B CE #2751 5.88%, 1M
160 .1.90 1120 43 5l &A% T 18.22% .35.10% .53. 70% .,
Gt PR VE AL SESER Cop  Csp W AR T, Fe i it
P A B 1120 (933K Cop  Csp 73 B4 T 30.58%
45.33%, 130 By P,, . Rp 7 4 CK il 7.67% .
17. 64% ,1.60 .1.90 1120 ) P, Al Rp MK T CK,

——CK —=—L30 —+—L60 —-—L90 ——L120

B AER

Pn/(umol-m2-s7)

1000 1500 2000 2500
JeE R R
PPFD/(umol'm2s7")
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B2 AN[E) AR 3 i A B T 5 3 A St i Iz o 2%
Fig.2 Light response curve of photosynthesis of leaves of S.

oleracea under different leaf litter treatments
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4 AEAEMHTELERES CO,MEHFESE

Table 4 Parameters obtained from the CO, response curve of S. oleracea leaves under different leaf litter treatments

. BALER CE COL M RL Cep CO, M Cp %ﬁffﬁ%@i P SN 2 Rp
Trf;ji " Carboxylation rate{ CO, eompemanon point/ CO, saturation point/ phot;;;rﬁlrﬁcnzw/ Photorespiration ratf/
(pmol CO, m™ s77) (pmol CO, m™2s7") (mol CO, m™2's) (mol CO, m~2 571 (pmol CO, m™ s™)
CK 0.0527 56.8918 833.9317 40.95 2.998
130 0.0558 63.2079 853.3513 44.09 3.527
L60 0.0431 66.7564 865.8283 30.13 2.877
190 0.0342 69.4328 1008.0290 32.10 2.375
L1120 0.0244 74.2869 1211.9920 27.76 1.813

3 'i"'.l'ill’_\, 33 —+— CK—=—130 ——L60 ——190 ——L1120

R ) B 5 A i AL TE ) R R SR M) BT 3R -
BIZKIEDI T EB A B A% 10 FLAAT Y | S AU B
AR B Y AT R R AR R RT
LR SR R K B RO A R Sk
AR Z R A R S s A i s et A, Y L . . . L

o 0 200 400 600 800 1000 1200 1400 1600 1800 2000

1 %H@Hﬁ%ﬁﬁnﬂﬂ%llifféﬂiﬂﬂ%ﬁﬂ’]b)}zﬁ P R EM AR
E’Ji’%ﬂﬁ/ﬁmﬁ'ﬂfi? 45 “r] 27] %Eﬂé%m] CO, concentration /(imol/mol)
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