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Effects of Decomposing Walnut Leaf Litter on Antioxidant Systems,
Photosynthetic Characteristics and Growth of Lettuce
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625014 ,China).

Abstract: In order to investigate the allelopathic effect of walnut (Juglans regia) on crops,we conducted a
pot experiment to study the impacts of naturally decomposing walnut leaf litter in soil on the resistance
physiology, photosynthetic parameters and growth traits of lettuce (Lactuca sativa). The present experi-
ment included a control (CK,without leaf litter addition in soil) and three treatments (with 30,60,90 g -
pot ! leaf litter fragments,respectively,correspondingly denoted as T;,T,,T;). In each treatment the cor-
responding amount of leaf litter fragments were mixed with pre-weighed soil (8 kg *» pot '), and lettuce

seeds were sowed. The indexes related to morphology,resistance and photosynthesis of lettuce were meas-
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ured at 80,100,120,and 140 d after sowing. The results showed that: (1) The activities of superoxide dis-
mutase (SOD) ,peroxidase (POD) and catalase (CAT) in leaves of lettuce treated with leaf litter were pro-
moted at 80 d,but were restrained at 100 d,then recovered to the control level at 120 d. SOD was the most
sensitive enzyme to the allelopathic effect of walnut leaf litter. At 100 d of sowing, the malondialdehyde
(MDA) content in leaves of lettuce was significantly enhanced by each leaf litter treatment compared to
CK; (2) Treated with the leaf litter,the content of soluble protein (SP) decreased, while soluble sugar (SS)
increased obviously at 100 d and 120 d; (3) At 100 d and 120 d,the net photosynthetic rate (P,) was inhibi-
ted by each leaf litter treatment,accompanied with the decrease of stomatal conductance (G,) and transpi-
ration rate (T,); (4) Height, aboveground biomass and its proportion in total biomass were significantly
lower than that in CK after 120 d of treatment,while the suppression compromised at 140 d (without sig-
nificant differences between any leaf litter treatment and CK). In the present research, the allelopathic
effect of decomposing walnut leaf litter exhibited an up-down trend with the prolonged decomposing dura-
tion. In turn,lettuce responded to the allelochemicals by adjusting the activities of antioxidant enzymes and

contents of osmolytes. Lettuce might be a candidate to be used to intercrop with walnut considering its

good tolerance to allelopathic effect generated by decomposing walnut leaf litter.
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Fig. 1 Effect of decomposing walnut leaf litter on morphologicalparameter of L. sativa

Treatmetn CK, Ty, T, and T; represent 0,30,60 and 90 g leaf litter added respectively; The same as below
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Different letters within the same sampling date indicate significant difference among treatments at 0. 05 level




4 39 T A ARV a3 i X 88 SR AL R BT BOL A R Y R 773

X R WITEAZ AR IR V& i3 MR T I (80 D B BRI S 5
BAE VAR W T R T i 8 (100,
120 d) 03222 Sy w35 M0 5 [ i) o 2% B O 9% i 20 i
Xof 4 A I Ak B A R A B A 1 B[R] 250
2.4 ZMAEHELEFIBIEEHAXER
REENEM

o 4 BT LA kYR I AR 8 b A3 iR 80
d B AL Ty Ab PR 55 55 it 4 3 a(Chl a) 4
% b(Chl b) F 4 Z[Chl (a+b) I BB ERXKT
CK(P<C0.05) ;43 # %] 100 F1 120 d B, £ ] 7% 0t ik
P B % A Chl a,Chl b #1 Chl (a+b) & & &

O ck | T

08

S
SS content/( R mol * g ')

80 100 120 140
Ak BEBF 7] Treatment time/d

FART AR CKLIFAE 120 d B, 8§ M4 K & B FE
R P R 8 2 BT MR A, B
T, B3 mE T T, Ty (P<<0.05); {H X F 1 I 78
140 d B3 2 o 45 Ak 3] i 2 389 ok 0 W 3 22
F(P>0.05), B8M RS bR (Car) G R
T3 A A2 B I5 v S e 0 B0 L R EE A R Ak PR
() Car &AL 120 d B i i 3 /& T CK(P<C0.05),
DL B 25 R A%k R I i 43 il i (80 dD i S
(140 d) %t 55 F0 b b 2B 35k 14 5% e 488/ 5 1 7 v
1 (100,120 1) il /6 F B & .

LI m Tt
6.
a
5.
TCD
g4t
I8
« <3t
G 3
a a
& b
1}
0
80 100 120 140

4b BRI ] Treatment time/d

3 Ak A e mrb Ak BT 4 T A R AT A 1 B0 R )

Fig. 3

207
~ 15T
<
& =0
wE 10T
==
&
051 aagqp X
0.0
80
2.5
0sf Faaby
L2 80 100 120 140

b i ) Treatment time/d

Effect of decomposing walnut leaf litter on SS,SP of L. sativa

a
0.04 | EEEE
a a aa
0R a a

4‘11:-\ 0.03 I b
1 T
L .
B E 0.02

0.01

0.00 L

80 100 120 140

4b FE I ) Treatment time/d

B4 AZH A 7 o i X 5 S I 8 3 A R TR

Fig. 4

Effect of leaf litter decomposition of walnut on pigment content of L. sativa



774 [T A i N // M= S 34 4

Wt & i E
P/(hmolsm”’+s
— — o
W (=) W (=)

S

100 120 140

<
~
i
®

RIS
.S“)
- e
(3] (98]
3

G/(nmol *» m™
g

S
=)

350

)
(o)
(=
(=)

B
ol™
[\ %]
(¥}
(e}

N

£200}

ffd 18] C O, ¢ FE

C/(mmol * m

wn O
o o O
T T

70 i

Tr/(mmol * m

(=]

100 120 140

fil
ISEE
(O8] = W

T
L,
i
o

ALBR A

=
—

S
o

80 I 100 I 120 I 140
Ak PR N ] Treatment time/d
B S Ak IR T o i X 5 O 4 A
RSE IS B 52
Fig. 5 Effect of leaf litter decomposition of walnut
on photosynthetic rate and gas exchange
parameters of Lactuca sativa
2.5 EHMAEHELIETSIBRMEESEIRS
Ay
H SR EER MY R ZRA Y L. £
SR R B A ¢ A 0 0 20 A o R RO s A B R
THSERF A S s . SRS P E

FEAR ARG A (02 B 0 e N R AE — B, 58 S
BRI S BAE 47 i 80 d B 2 5 X IR JC I 3 2
St f# 100 F1 120 d W 52 B B 52 W £ 08 ) B 3%
KOS TAE ST 140 d B 45 4G AR JE AR 31 T O
WA Hop L FEAM @ E] 100 F1 120 d L B A
VG R (P, 7 B i ] AR R AL S
(GO R BETFREGEHE B HE CO, #EECH
AALBR I (L) 52 211 52 i AH X 55 55, R I A S2 50
KM B R ORA RN T RS MR S R RRAL
FIESIAHEZAL. MEILHEELRAK,

3T

3.1 TEPEBREAEHIBNEEREUDER
%t Y %2

YA W) 52 3 R4 8 A AR P Y R B S
HH3ECO; ) H O, %3 P4 (ROS) & & 23 3
1M AR B2 5 AT 5 S AR 9 ROS 1 58 dodi I R 4 . 3
7 JIE A 07 152 8y AN R B A A e 4R Ak 450 43 40 i
17 A: MDAM B 43 00 3 B B BT Ak &
i) ROS PEATIHBR . ASWESE A BL, Bk U 7% i1 L
e 3R 2] 80 d I, % Ak B2 A 58 S b 3 R R
1 SOD.POD.CAT {& ¥ ¥ I 7t R WMk 4 7%
- fifp R B AL SR k) s A R BRI C 2 R T
S RT3 ORI R RO TE M AR TR A S R
O; \H. O, 4% ROS ¥4t Jo 59 B e 71 Br Lt
B 5Z f&rh MDA & 88 (LA B . X 5 Ding 4§
St 81 N (Cucumis sativa ) 25 3 250240 55 35 4 (Vitis
vini fera) W75 15 5 (9 45 L F A — %, Cheng %
K K ai (Allium sativum ) Z5 40 B1LFD 88 26 & B
MDA & & Tt . B B 4500 Sk T 1L Bk (Carya
cathavyensis) JpH Jz 35 T 32 32 W b B /N2 (Triticum
aestivum) Mg & (Vigna radiata) % ¥ MDA & &
BEAR L AT IR A5 2R 5 BATA — B0 X AT BE S OF 5 i
AR A BRNSE  E DL R I T AN TR A
Ko ARIH AZBE A T 23 i 100 d L 32 A8 5
M A SOD.POD, CAT 1% F &, MDA & & E T,
WY U 5 ) e R T P SR S 08 i ) T S
R DR B il P B AIR T TE BR ROS Y BE 77 3 AR
it A R G2 B EAGE . ol 5= T 4R
K345 (Parthenium hysterophorus) Dk} Lu %528 %t
INEZ TR R B TR E .
3.2 tEPEMREAEHIBXNEFHRZERY
) 51 B =2 Wi

A Y 52 B Bk 38 I, 5 35 VR ) 5 A T O 1



4 39 T A AR Vg o) i X

VLA R G B0 & ik 12 T 775

(SS) A PR H (SP) 25 Al BE K B & A . X
SE 3% 3% A T W) BB R 4E £ 40 OE R R R W 2
RE- . VR A IS B IR 0 EZ ST Y SS
XA T R 40 2 K B DR T AR R
B LE I I 0 4 i B W) B B (80 d DA B At
SS Fr AR AN B sk L 1 SP 5 S 0, 1 AE 5 1
HI(100~120 d) . 32 f& SS & 4 b Tt SP & 4t &
K. X5 BEEE4EN R B e (Eucaly ptus grandis)
P& b B 12 58 (Elymus sibiricus) 153 015 &
MNEFRB B B SS & i B TFLSP & & T R 4
R AT RE S 4 7% W 5 L BT Ak Ry o R 2
PLR HAE I R A G . A WTSE b U8 % e )
SR ) 088 R 1) A S o R AT R TSP i
B A, P AR B I 2 L T S AR
R HE RN I A A SO 5 | RS B S A i i i
A BT O3 i ) I8 AR BT A Y A DG 4 s
JGAG A3 2 T A0 A BT 2 R S R TS S Y R
PERER AT AT PR A R B 0 R Ry T TRk
UL N AR R AR B TS R AN —
WL,
3.3 TEHEMEAETIBNEIELGIERD
A1)

6 A A TS L2 A ) 1 P9 0 G o ) A
i S RIS 2 A ) A ROIR OO B9 e B R e . Al K
TERIX e M s m B B . ZEARDEIE P, VR
A% 100,120 d B 4% 4b 3 OE A 0% (P B
M4 T T A 3 g e 2 R AR R e e )
CO, W BE(CO AL R IME (L P 545 AR 5 4 9706
BRENEEZRIAFEGORM IR EE. R
FLREEXS Py #9522 A48 bR H O
B R R T O AL BR e 2 R AL R
il AR b A5 A R S S e P 32 B0
Ci L. Wl R =20 P, B RR&I N IR AR
LR RG] R 2R FOREALZ SR
f1% 5 S L RS 43 o BT LATE AR AR TR I 2 3R 3 o 1Y
REARA R EOL & BOR AR . AR R B HE &
8] 5 T it A T N L 5 Ak BRSSO
MR T A RY P, R EE
JE PR AT BE D i R S R B AR . S A HAl AR AL
BIR 1 PR 3R (om0l 4 Tl 0 P AT vl 7 1% i 52 BEL A5 )
I B A U % W0 A R T 1% P SRR A o %o 5RO A VR T
P A B N AEAIL R X I R BT R 2P T

3.4 TEABBAEHIBNBZFERKNZN

) 1 AR FVE 2548 b R B e 1 2 ) o A AR R
118y fi RE AR AR A= KRB ) AR DL i F6 bR . A DF
FER I 24 65 AR IR A Rk U 7 i i g rh AR K F
100 d B, 25 AR K AE AR E AL B 2 0] 25 S i AN 1 35 . 2
F| 120 d B, Hobk Ry B ER 4R R R A0 AR ) i Y
ZH T WM EL R AE 140 d B SIS CK Z
] 2% 5 ORI . AR R AR K (Cinnamo-
mum septentrionale) J8 3% H 4k B /)N [ 3 (Brassica
rapa) s BRUESE SR B M UR P AL 1 2 LA
SRR R TE A A I 0 52 K 1 R o e A i R 2 3 T
M AR RS Z A —. X ATRE T H
R 8] 9 R M AS T R 43 A S RE RS [0 ]
1) 52 A X A A FH 1 SRR AR i AR TR AR i
50t e 30 % 5 X A Ak 0 7 v A A T Y SRR B A
Wn/NZE FPE 3 (Spinacia oleracea ) 7% 3 (5 7 i 1
i) 20 E A, Fo 8l SRR 75 SC R 320 - R W] AR TE > il
100 d Z A +- 3 b & 2 TF 46 B R AL &) 5 . {H 7] B
PR 5 B B A B e ) IR AR KOF IR %
F B A I s 7E 2> iR 100~120 d i AL ) B 7+
e iy BRI N B AKOF T O AR R R
(4990 [ R O A A 32 30 B 4 o 5 i E) 140 d
Pl A U T R Tk 3 A v A B BT A D DL R
O X8 A B JB ) 3 O 1 Y 5 e O A K SR R
A, BEA BRGNS B T Y & R A
N ERR RV A ] 9 W o3 fife R Ak 2% ) B 7 AR A
SRR (1) T2 R FE 90 d DL 5 11 52 75 A 200 i i
GC-MS #9052 . B e 98 # it 7E 4 3 b 23 i 21
90 d I, A Sy F2 B BT wE 2K © 4 KRR
o T UL A Y o3 ik ) A RO A A R A
3 AN H B R I R] P i 22 S I ek A AR T
FRo3 N XA F TS AR A A TR IR YA A
Yy ke 8D B AN 2 A ) AR A

25 LT IR MR R P A L b i s A K
PR T —E BRI E ] CE R BAE N E S 100~120
d) o AEPR B A B A L o v R A KRR ) IR
KRBT NIRRT 58 55 HAT IR A Bk A % - Ak
EAE B BE J1 . 7E 5 HLUE % it (60 g/ 4 5L 8 000
kg/hm® ) 1§ BT A2 I 75 it x4 5 ) A0 R TS K
A 5. LA P A TS o DR e A bR R 8] 4 = 1
B AT 3 I AT K IR A B G A2 30 1) 5 M A 23 AR
R AT DL R AT Bk + B3 55 A B R A .



776

[N [ 7/ B S 4 34 %

SE MK

(1]

(2]
[3]

[4]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]
[20]
[21]
[22]
[23]

WU W B(RF).ZHU Y CHCER 25 )11, HAN H BCEi4EH1) s et al. A preliminary report on introduction of the early-fruiting walnut[]].
Journal of Sichuan Forestry Science and Technology (DY )I| Ml BH4E) . 2005,26(2) ;58 —60(in Chinese).
ER L T EEY ERE R RS PEAEYEGE 21 B M Jbat B W ik, 1979:31.
XU Y PCER) . TANG ] CHE# ) . GAO ] ME#B]) set al. Allelopathic study of walnut leaf extracts[]J]. Chemistry and Industry
of Forest Products (Mp=4k24 5 Tk .2003,23(3) :45—48(in Chinese).
SUN M L(#M83F) , SONG ZH QUK , FANG G ZH(J5#:#). Extraction and determination of total flavonoid and juglone in jug-
lansm and shurica maxmil[ J . Chemistry and Industry of Forest Products (BKp=46245 Tll) ,2006,26(2) :93—95(in Chinese).
CUI C,CAI J,JIANG Z. Isolation and identification of allelochemicals in rhizosphere and adjacent soil under walnut(Juglans regia 1..)
trees[J7. Allelopathy Journal :2012,29(1) ;25— 36.
CUI C,CAI J,JIANG Z. Effects of walnut(Juglans regia 1..) root exudates on germination,seedling growth and enzymatic activities of
turnip(Brassica rapa 1.)[J]. Allelopathy Journal ,2011,28(2) ;:237—250.
JOSE S,GILLESPIE A R. Allelopathy in black walnut(Juglans nigra 1. ) alley cropping. |l . Effects of juglone on hydroponically grown
corn(Zea mays L.) and soybean(Glycine max L. Merr.) growth and physiology[J]. Plant and Soil ,1998,20(3):199—205.
KIPARSKI G R. ,LEE L S,GILLESPIE A R. Occurrence and fate of the phytotoxin juglone in alley soils under black walnut trees[J].
Journal o f Environmental Quality-Article ,2006,36(3) ;709—717.
TERZI 1. Allelopathic effects of juglone and decomposed walnut leaf juice on muskmelon and cucumber seed germination and seedling
growth[J]. A frican Journal of Biotechnology,2008,(12):1 870—1 874.
ERCISLI S,ESITKEN A, TURKKAL C. The allelopathic effects of juglone and walnut leaf extracts on yield,growth,chemical and PNE
compositions of strawberry cv. Fern[J]. Plant Soil Environ,2005,51(6) ;283 —287.
CLAUDIA C,CLEMENTINA S,LUCIA P,et al. Effects of walnut husk washing waters and their phenolic constituents on horticultural
species[J]. Environ. Sci. Pollut Res. ,2012,5(13) :3 299—3 306.
ELKHAWAS S A,SHEHATA M M. The allelopathic potentialities of Acacia nilotica and Eucalyptus rostrata on Monocot(Zea mays
L.) and Dicot( Phaseolus vulgaris 1..) plants[J]. Biotechnology,2005,4:23—34.
FLORENTINE S K,FOX ] E D. Allelopathic effects of Eucalyptus victriz L. on Eucalyptus species and grasses[ J]. Allelopathy Jour-
nal ,2003,11.77—84.
LIU X X(X/h) . WANG ZH H(FE EH#) ,CHEN Q BRI . Allelopathic study on the volatiles from Eucalyptus grandis X E. uro-
phylial]]. Chinese Journal of Tropical Crops B fE¥I2£4R) . 200829 338— 341 (in Chinese).
SASIKUMAR K. VIJAYALAKSHMI C.PARTHIBAN K T. Allelopathic effects of Eucalyptus on blackgram ( Phaseolus mungo L.)
[J]. Allelopathy Journal ,2002,9:205—214.
FOY C L. How to make bioassays for allelopathy more relevant to field conditions with particular reference to cropland weeds[ M]//Prin-
ciples and practices in plant ecology: Allelochemical interactions. New York:CRC Press,1999:25— 34,
WU X H(ZFHEHE) ,HU T XCHEE ) . YANG W QU T ) set al . Effects of Eucalyptus grandis leaf litter decomposition on the growth
and photosynthetic characteristics of Cichorium intybus[J]. Chinese Journal of Applied Ecology (B FiIE 2524 .2012,23(1) :1—8(in
Chinese).
CHEN H(Bs& #H.HU T X(HIEEXS) , YANG W QU T #1) . et al. Effects of Eucalyptus grandis leaf litter on growth and resistance
physiology of Elymus sibiricus in the initial decomposition process of litter in siol[J]. Acta Prataculturae Sinica (R 24%),2011,20
(5):57—65(in Chinese).
GIANNOPOLITIS C N,ROES S K. Superoxide dismutases. . Occurrence in high plants[ J]. Plant Physiology ,1997.59:309—314.
A A A A A S B IR BRI BOR [ ML Jb 5 8 S5 0F 1 it . 2000: 164 — 165,184 —185.
FB PR Ik, AR ) A P04 S0 OB L ML BHR - DU IR 22 PR R A, 2003:76 — 77,126 —127.
BAAE. A Y A B2 LML bt . = S B0 A 2002357,

DING J,SUN Y,XIAO C L,et al. Physiological basis of different allelopathic reactions of cucumber and fig leaf gourd plants to cinnamic



4 39

T A ARV a3 i X 88 SR AL R BT BOL A R Y R 777

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

acid[J]. Journal of Experimental Botany Volume ,2007,58(13):3 765—3 773.

LI K(ZE #),GUO X WEHER) .GUO Y SHEREIILL) set al. 2010. Allelopathy of grape root aqueous extracts[J]. Chinese Journal of
Applied Ecology (R FIEZS %) ,2010,21(7) ;1 779—1 784(in Chinese).

CHENG Z H,WANG C H,XIAO X M,et al. Allelopathic effects of decomposing garlic stalk on some vegetable crops[J]. A frican Jour-
nal of Biotechnology»2011,10(69) ;15 514—15 520.

CHEN X M B . MA Y F(h = &), Allelopathy of flavonoid extract from Carya cathayensis exocarp on wheat and Mung Bean
seedlings[ J]. Acta Bot. Boreal. -Occident. Sin. (P LA #2447 .2010,30(4) :645—651(in Chinese).

CHEN Y BB £) , WANG ] X(FE4:15) , WU X H(Z/NE) yet al. Allelopathy mechanism of flowers of Parthenium hysterophorus L.
on wheat[J]. Acta Phytophylacica Sinica (Fi¥) 4247 ,2010,37(6) :552— 556 (in Chinese).

LU Z G,ZHOU W J,NIU Y L. Physiological effects of water extract from Flaveria bidentis on wheat seedlings[J]. Journal of Triticeae
Crops,2012,32(1) :123—126.

DINAKAR N,NAGAJYOTHI PC,SURESH 8S. et al. Cadmium induced changes on proline, antioxidant enzymes, nitrate and nitrite re-
ductases in Arachis hypogaea L[J]. J. Environ Biol. ,2009,30:289— 294,

ZHANG L P,MEHTA S K,LIU Z P et al. Copper-induced proline synthesis is associated with nitric oxide generation in Chlamydomonas
reinhardlii[ ] . Plant cell Physiol. ,2008,49:411—419.

HUANG G B(# EH %), ZHANG X M (3K B, YANG SH L4 B JE) , et al. Involvement of osmotic regulation in enhancement of
drought resistance in tobacco(Nicotiana tabacum 1..) plants through circular ought-hardening[J]. Plant Physiology Journal (A4 B
30 ,2012,48(5) :465—471(in Chinese).

LI CH Y(Z&) ., CHEN L(BE ¥),WU H(% 5),etal. Response of defense mechanisms in Plagiomnium acutum under Cd stress
[J]. Journal of Agro-Environment Science (& )My 355 Fl 2222400 . 2012,31(9) : 1 665—1 671(in Chinese).

LI Wz 4),ZHANG Y L33 ,HU Y YEH JH KD s et al. Research on the photoprotection and photosynthesis characteristics of
young cotton leaves under field conditions[ ] ]. Chinese Journal of Plant Ecology (F4¥) 4 252 4%) .2012,36(7) :662—670(in Chinese).
CHEN J(F& ") ,LIN Y(ZELHRE),LIU QX 58),et al. NaCl antioxidant defense and photosynthesis for non-indigenous mangrove
species Sonneratia apetala and Laguncularia racemosa under NaCl stress[ ] ]. Chinese Journal of Plant Ecology (#%¥) 4 2524 0) . 2013,
37(5) :443—453(in Chinese).

HUANG W W(E MO - HU T X EE %) ,ZHANG N NGGK &) set al. Effects of leaf litter of Cinnamomum se ptentrionale on growth
and resistance physiology of Brassica rapa in the decomposition process of litter[ ] ]. Acta Ecologica Sinica (= 2524 ,2012,32(12) ;
3 883—3 891(in Chinese).

HE F(af i), WANG D X(F154£),LEI R D({5 ###4 ). Decomposition rate of four dominant tree species leaf litters in Qingling Huodi-
tang Forests[ J]. Chinese Journal of Ecology (A2 3).2011,30(3):521—526(in Chinese).

QIN B(Z ) ,ZHANG X Y(BES) . WANG P(FE ). Potential allelochemicals in barnyardgrass[J7]. Chinese Journal of Ecology
(22 .2011,30(10):2 214—2 219(in Chinese).

WU X H(RFE) LT Y QR HU T XA RE %) Jet al. Effects of Eucalyptus grandis leaf litter at its early stage of decomposition
on the growth and photosynthetic characteristics of Cichorium intybus[]J]. Chinese Journal of Applied Ecology (N A Z52%4R) . 2013,

24(7):1 817—1 825(in Chinese).



