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Effect of secondary metabolites in Juglans regia leaf litter from different habitats
on photosynthetic physiological characteristics of Brassica chinensis during early

decomposing stage of leaf litter
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Abstract; Walnut ( Juglans regia) has been regarded as an allelopathic tree species for a long time. In the management of
agroforesiry systems which are able to take good advantage of land resources, the allelopathic effect of walnut on
interplanting crops elicits increased concerns. However, the environmental factors may alter markedly the allelopathic effect

of a plant. Gas chromatography-mass spectrometry ( GC-MS) was used in the present study to identify and compare
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chemicals in walnut leaf litter collected from two different habitats, i.e., Qinba mountainous area ( QMA) and high-
mountain gorge area of West Sichuan ( HGWS). A container experiment was performed to investigate the effects of the
walnut leaf litter from these two regions on growth and photosynthetic characteristics of pakchoi ( Brassica chinensis) during
the early decomposing stage of the litter. Walnut leaf litter was applied at the rate of 0, 30, 60, 120, and 180 g of leaf litter
per pot, resulting in five treatments; FO (no leaf litter) , F1, F2, F3, and F4. Each container was filled with 8 kg of soil
mixed with corresponding amount of walnut leaf litter, and the pakchoi seeds were sowed. The growth indices of pakchoi
were determined 20, 45, and 75 days after sowing, and the photosynthetic parameters were determined when the 3™
euphylla had emerged in almost all pakchoi seedlings exposed to treatment F4. The results were as follows; (1) Twenty-one
compounds with a relative content no less than 1% were identified by GC-MS, which were classified into eight categories. Of
them, 12 compounds with a relative content no less than 1% from five categories were identified from the QMA walnut leaf
litter, representing 51.46% of the total chemicals, and 15 compounds with a relative content no less than 1% from seven
categories were identified from the HGWS walnut leaf litter, representing 56.03% of the total chemicals. Some chemicals
which were frequently reported to be allelochemicals, such as calarene, hinesol, beta-eudesmol, hexahydrofarnesylacetone,
linolic acid, stearic acid, l-octadecanol, gamma-sitosterol, and beta-sitostenone were detected in higher quantities in the
HGWS walnut leaf litter compared to the relative content; while some other chemicals, such as squalene, delta-tocopherol ,
and loliolide were higher in the QMA walnut leaf litter. (2) The biomass of pakchoi significantly decreased in the treatments
with walnut leaf litter regardless of the amount at 20 and 45 days after sowing; however, at 75 days after sowing, the
inhibition effect of the litter decreased. (3) At the early decomposing stage, the contents of all photosynthetic pigments
decreased progressively as the amount of leaf litter increased; simultaneously, the net photosynthetic rate (P,), the
stomatal conductance (G,), and the transpiration rate (T.) were significantly inhibited by the decomposing walnut leaf
litter. (4) On the whole, the allelopathic effect of the HGWS walnut leaf litter was stronger than that of the QMA walnut
leaf litter. It is hypothesized that walnut trees accumulate more allelochemicals ( ketones, alkenes, alcohols, steroids, etc.)
in the high-mountain gorge area of West Sichuan because of the more stressful environmental conditions, thereby exerting

stronger allelopathic effect via decomposition of its leaf litter.

Key Words: walnut; leaf litter; secondary metabolites; allelopathic effect; pakchoi; photosynthetic physiology
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Wbk (Juglans regia) X ARk, JRHBERL (Juglandaceae ) Bk I8 (Juglans ) #549) , #E3K FE A D SLAKA, o
Tz BRSSO S Y AR A, RO T RRIR 3 (i IR R ( SR SRR ) X ]
HYWERKAMETAETEENT . BEMRIE R ITTE — B AR S  R  E N AN 228 xRk
PRI G HEAT T 38 R Rk 7 R S KRR A LSRR A RO BE AT T RIS
(R ANRVES A AT B A AU PR O, FAG R SR 75 A 22 5%, F AT R UL AIE

F 22 C L XOR EL L B B AR DU 23 B 3l B TRk A G, LR AR A 22 5 T 1 7 g LU R 45 X
SRAAPAXT G 52 AR EE I R BRI B 2 iz A S R G, 2= A A5 43
THEZS T SZMAR R FR R AL S RAR DG | DR R ARAE R Xu 6 S5E 1y FhRie, X R L
DA EEL Lyl S 00 1 W i L e DX A Bt A 2 RV ) 22 S EATT T WSS, R W PP ML AN [ 4 A 58 25 1 X R o SR )
JRFNIEAL ZREPE A T AR B RE R ks B O DA o FE A 5 0 v B v A A QO ) 28 R 5 6 mT g
L ey 2 5 O AR AR ) R RO AL AR T AT RE AR 22 57 . AT RUR AT A SRR 975 1%, il ad
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AR, 7R3 R TR AT 2 UL DR L L 38R 74 v Ll 25 DX PP 3t A B 4 - 4 L S v R AL/ 3 3, Pt
AR 5 A 3 P A el A PP OS2 AR B9 P B LB, DL RS [R] AR S 2 P R R % i U 2 A Qi o
RSSO F) AT RE ™ LR AR RE M), A S AR 2 5 Rl AR L B Ak U v 1) A BRI BR AR IR AN 2%

1 HR5HE

1.1 Rk
1.1.1

BEFE) I PG e Ll 2 DXRN 28 B L XK B 1L g 38 20 AF AR AR R TR IV R0 o 78 g 1L e 7 [X = ) 45 1A
£ 2600 m LAF AR SR < 10 °C | 4EFE /K 2 500—800 mm, RHIZE W], REK K7 MHU L 4EH R
2000—2600 h, Z& [ L XK 2 L R 3% a8 S B 2 XU AR -2l 14.9 °C—18.4 °C, H B 1400—1600
h, JCFEW] 223—290 d, 4FFE7K 24 1000—1200 mm, SR A, PUZR5 2012 4F 9 H IETERZBRAR T #8425 0]
F AR E B TE T R AR RS KB A 1 em® ZE 47 /NER T2 00 IRA)  IE A7 8 H
1.1.2 ik

TR )| 25 M) 32 KA A el b A ) DU 2% /N1 5 ( Brassica chinensis) ZAEY) Fb T8k MR ZE ( Castanea
mollissima ) FFHAE ( Citrus reticulata ) SF 2T MABIFPERIT sl T, FERIHET, SRS /NS — PR, IR d,
0.1% HgCl, iM%, M,
1.1.3 FiEAEsS i

KNG — IS R SR S8R 2 (42 29 em #0025 em) . HIEVRFEAR B+ (VP HE, pH (H 7.85, A HLIKR
24.382 o/kg, 2% 0.662 g/kg, &M 0.665 g¢/kg, 24 5.571 g/kg, HRIWE 14.726 mg/ kg, HALHT 16.146 mg/kg) ,
FH 1 em GBR 2 RKPA BRFIEAR
1.2 5Tt
1.2.1 BBk I =2 A2 BT ) GC-MS 4rHT

3 K P M Y 5 I R LATEDRG SR iR B 500, R P 10 it Ve AR BB e 4 A5 B it | SR A0 - I
WL (GC-MS) | i 3T Agilent Chemstation Th27% TAEVEKEZR Nist bRyl B & PEf AL 22 43, X TEECHE 2 ( Qual )
90 LA bk AT e JF G BT A& 4 A AR A i
1.2.2  FAkElE

AT 1 PG g 1L 2 DR (LA SRR U A ) 528 B 1L XK B Ll Ak ( AT T PR 28 X Ak ) )
P A BR A ARG R AT AP AR, KRG T 2012 4F 10 A & 2013 4F 1 A 7e ML )1 4ol K242
“ERMIFRE XTSRRI R BRI 5T, AR YR AN A B A AR AR R VR 2 8500 kg/hm®, $7 58 5
RIS AT B A T A 24 60 ¢, BORH 60 o/ ZAE MIEART AR (F2) . T HAREA N TRFEE, AR H
He E AR R R AFE S NI 3% F1(30 ¢/4%) (F3(120 g/7%) Al FA(180 g/4%) 3 & Ak F /K
S X BN 75 (FO,0 o/4%) . FRAbHEE S 6 Yk, 10 A 18 H , 23 B & A B 7455 8 kg 35T
BRAGT SR REKRER T B S /NS 50 B, B 1 1 em  BaIEK, ZJ5, 52 d R HH2
fEHE A A 5EK 73052 A (ML2x, GBR) W I - 358 K £ o - SRR & K & (SWC) #EHITE 18% ity e At
RPN 2R 5 0T 1 Uk, o UREURE (A1) S PR R 20 Bk L5 2 IRBUREIG R BE 12 Bk, 58 3 IREUFEJS 1A 7 8
MR, AR 5 HK,
1.3 bR ik

20124F 11 H7 H 12 A2 HM 2013451 A 1 H (RS 20,45 d 175 d) |, 55 3 BEAL B ik
INEISRAERAE S PR, RBRAR RIS AR E , I Hok F o EE s A e, WIRF, T 2012 45 12 H 2 H 2R A Li-6400 f#
LA E L (Li-Cor Inc., USA) , AT 4] CO,#E 400pmmol/mol ELEE 25°C JEHEHRE 1500mmol m™ s,
WEFNEAHR(P,) ZEBHR(T,) SILFE(G,) MR CO,WE (C,) , HE 3 &, ¥ile THEEHM
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I Ry S22 SR TR - R A AR BGE T e R R & i,
1.4 HdEab

>R JH Williamson Al Richardson' "’ )7 B M ALIEAE FIUSFE L RI.RI=1-C/T(T=C) 3% RI=T/C-1(T<
C) (CHXTIE ;T AHALHE . 4 RI>0 B, FRORFEHEAEH ; 2 RI<0 B, RORIHIVEH . RI 4aXHE 1Y K/ MUER
A SR EE) |

K H SPSS16.0 Geit 34K 44 (SPSS Inc., USA ) #E47 HLIH K J5 22 57 #7 ( One-way ANOVA) , Jf-H Duncan [
WA 227 (SSR %) T 2 E R,

2 HREHS

2.1 RIS T ARk IR 5 sk AR R ) 25 5

GC-MS Kl 2.7 , Z8 EAZ A IR 5 0 oh B AN T Y (X B > 19%) A 12 B, A B il
51.46% , LG Ay ot 4 B, AT B i 23.35% , W 2R 2 B, A B i 5.58% , S TRAL A 2 Bl AT B
9.4% ; I PEAZ BRI V& i p 2R A LIV T (X &8 > 1%) A 15 F AR & & SR 56.03% , Hori
FEWI 5 AT 14.42% , B 2R 1 A R i 3.88% , S I AL A 2 A R 11.93% , FRRIE G
Yy 1B AR 1.11% B PUAZ AR P A AR ) 3 0 o S R G 5 a2 RN 389 v T 4 BB, AR IERs
JIATRERE R (K 1),

F1 FEURXEWLEENIFES LS XZH0EE M xR E KRG Rttt

Table 1 The chemical constituents in the leaf litter from Qinba mountainous area ((QMA) and high-mountain gorge area of West Sichuan

(HGWS)
[ . PR AT F i Relative content/ %
Retention fea Grouped Molecular NI Pk b
time/min Compound components formula HOWS lenut OMA Walnut
leaf litter leaf litter
19.25 Calarene & g CisHyy [ 1.82 <1
19.49 Hinesol 254 A Jis C5H5 0 [ 1.36 <1
19.82 beta-Eudesmol B-F4 1 CsHyO [ 4.76
19.89 alpha.-Eudesmol a-f% M- CsH, 0 [ 1.79
23.03 Loliolide 2 ¥t YT CiiHi60; FES 1.15
25.00 Tﬁizﬁ%gfamesylacetone 6,10, 14-= H %k-2- €1 HyO 2k 111 <l
28.60 Palmitic acid FEHIEZ C,cH3,0, SR 7.15 9.12
32.60 Phytol H-£R CyoHyO [ 2.43 3.01
33.21 Linolic acid JJpRiHIAR CigH3, 0, ity 1.61
33.36 Oleic acid i1 CsHy, 0, C i 4.20
33.87 Stearic acid TG CisH30, e HimR 2.32 1.61
43.85 1-Docosene 1-—+ "4 CyHy, [y 2.89 <1
46.35 Squalene i %/ CyoHso (B 4.05 16.30
47.27 4-pregnen-20-a-ol-3-one N/A Cy Hy, 0y EY Rt 1.49
47.59 henicosyl formate N/A C5,H, 0, S 1.26
47.62 1-Octadecanol | /\[i% CgH30 e 6.52
48.52 delta-tocopherol 8-4= HFH} C,,Hy 0, [ <1 2.71
52.26 VitaminE /£ E C,oHs00, 2 3.88 2.88
57.01 gamma-sitosterol y-£ f§§ i CyH500 Y A=) 10.42 7.91
58.03 Cycloeucalenol ¥R i C30H500 [ 2.25
61.40 beta-sitostenone . {§§ - 4-4i- 3-Hi] CyoHygO R 1.51
JIA S PR 5 e R 56.03 51.46

PR AU R A S B R T 1% ST, < ARG 3 2 $5 22201 GC-MS 2387 M g T AR o D AR L A9

2.2 RSN T B IRTE I 3 /N 2 A e 5
HERIIG 20 F1 45 d, AR AZ BRI T AL R /s SR B AR o0 A I R T IR (P<0.05) L fH P
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MR TE XN A K A A R AP AR 22 5 (TR 1) o ZE LU AR UR 7 i 4 Fh R B AR BRAE 20 d IS A RIAE 5351
$1-0.669 ,—0.852 ,-0.836 F1-0.901,45 d B RI {H535124-0.225 ,-0.694 . -0.583 F1-0.681; )I| PG A% Bk 4 #% it
4 FPFIEALFEAE 20 d B RI(E 435 -0.520,-0.877 ,-0.917 F1-0.914,45 d B A9 RI {H 5 51 M -0.394
-0.788,-0.823 F1-0.878, 75 d fif, Z= CLAL B I 7 - A9 410 6 1 FH © 2 AR X AN T8, 36 RT{RL53931 0 - 0.086
-0.089 ,-0.208 F1-0.032; Ifii )| PU A% Bk i v it E F1 AL R BEFARXS CK A Frdg i (RI>0) , HAa 25 b 31 0] 3R 2
HIHIVEF R 435104 0.024 ,-0.532 ,0.659 . —0.553 , & W1 G RE B 7 1 %ok /DN F 35 A4 40 e A 40 o 14 LR T
ZEAZB R (E 1),

25 ¢
Z O NP RER

20 + T2 2 0
L0 I CK =
= 30g =]
5 15l zm 60g 15t
z 120g =
Z == 180g B
& ool E 10 a
& =
& =

5t E 5L

a E ab
0 mbeec = 0 Cmcce
20 75 20

&M 5 R E Days after sowing/d

B 1 AEFMNERNHibZEEE @SBk EABS s ERR 0
Fig.1 The aboveground fresh weight of pakchoi as affected by different doses of decomposing walnut leaf litter from QMA and HGWS

2.3 A[FEASERA T BB TE ot NSOGB R B Y R e

FH 3R 2 A 0L, Z8 LA MR PR 9 i o fe el /N et e Bt 3R & ik AT W S IR ZE AR b B (FL) R,
4K St (Chl (a+b)) M4k a (Chl a) F4REE b (Chl b) FIZEIE PR (Car) R WEMT CK(P<
0.05) , %] F2 Zb¥J5 S VE M2, 5 CK #HEL, F2 A BRI R Chl (a+b) (Chla,Chlb Fl Car 2305l FEAK T
26.8% .26.4% 28.6% 1 25.2% ,{H ¥2 F3 FI F4 KbEEAE 025 5 A B3 (P>0.05) ;)1 PEAZ B I8 75 0 45 Ak B K SF-
/NESER R Chl (a+b) (Chl a Chl b Fl Car IR R F1 AFES CK 25 A B3 (P>0.05) , HA I A3 i
FLT CK(P<0.05) , RILH B BINFHI/EH . F1 ABEAYEE A Chl (a+b) (Chla,Chlb F1 Car 435 AHXF F CK F+
T 2.5% .2.5% 2.7%F 2.4% 1 ¥4 ZE3AG I Fr o BIAEXTF CK BRI T 25.2% .24.8% .26.9% F1 23.7% ., i
WA, I HIAZ AR T i Ab BRI XS Chl b AR HIAE 38 TXF Chl a BY#PHI/EH, B4R L7 F1 F2 F1 F3
AEBER ZE TR X/ NS A 2R S A VR R 3 ) PR AR T, Wi AE F4 Ab BT, 28 B Ak X /N
St A AR S RMINEIERS T NIPEERk
2.4 ARREASE AT BRI 5 23 A6 7N S8 6 B R A SR SS e S B 5 T

H 3R 3 WTLAE Y BE ) PG AR R 7 it A S 35 0, 25 Ab BN (1 3 ot & 80 P LR GOl
ZEWE AR T 2B T a3 B3R B HIVEH (RI<0) ,Horp ¥4 LhBAMEI/E H ik, H P, G f T 435 e CK
W T 30.4% 30.8% F1 28.1% , i ffA] CO, MR EE C 25 A B3 (P>0.05) ; 28 B AR IR 5 17 F1 AREE T X}
NEEREY P, G, T CHIRBUNIEHAENT (RIS0) 16 F2 F3 Fl F4 AT X /NESER) CABRILAE HE
EXFH P, .G T RICAMEEH H S CK 2257 8% (P<0.05) , F4 b B 30 iV R B /INE Sy P
G AT 43I CK 3/ T 18.1% (18.5% F1 15.6% . AHILZF N PEAZM IR 34 I 43 X /s S8 00 A R S
NS A GO A TSR T
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3.1 ARRAEL ST T GURZ R IR T5 I 3 Rt /N SR A R B 52 )

AGRIG B, P HAZ R RV i AE 3 3 20 d R 45 d B A A BRI R N SR R M b o 6 R I
T CK, RBP4 7 v i A st B M iV DB s A LA, 3] 75 d IS, AT B8 R T U 9 i i R %) Ak 8k ) Joi ik 2>
HAW RIS, 2 O R & Ab LS CK 22 57 O 2R B3, Wi PEABET R BR F1 AR BRAN  FLA 45 Ah 3
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