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Allelopathic effects of litter extracts from fruit trees on

Lolium perenne and Medicago sativa

HE Bangyin', HU Jiajia', PEI Jinghong', FANG Meiyan', LI Jiangwen'”"
(1 College of Life Sciences, Yan'an University, Yan'an, Shaanxi 716000, China; 2 Shaanxi Engineering and Technological

Research Center for Conversation and Utilization of Regional Biological Resources, Yan’an, Shaanxi 716000, China)

Abstract [Objective] The study aims to investigate the chemosensory effect of fading leaves of Ziziphus
jujuba s Juglans regia, and Malus pumila in northern Shaanxi, and to provide theoretical guidance for
the selection of suitable grass species under economic forests. [ Methods] Outdoor potting forage Lolium
perenne and Medicago sativa were set up with different concentrations of Z. jujuba, J. regia, and M.,
pumila withered leaf extracts (0.1, 0.05, 0.025, 0.012 5 g/mL) treatments to determine the growth and
physiological indexes of the forage. [Results] (1) The dry mass of forage monocultures was significantly
lower than the control in most of the three types of withered leaves treated with each concentration of
leachate, and the decrease was smaller in the Z. jujuba leachate. (2) Forage malondialdehyde content was
higher than the control under all three types of leachate treatments, while the increase in Z. jujuba

leachate was smaller, and the changes in its chlorophyll content, ascorbic acid content and antioxidant en-
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zyme activity differed significantly among the three types of leachates, and the variability of L.

perenne

was significantly greater than that of M. sativa. (3) There were significant differences in the effects of the

three types of extracts on the root traits of the forages, all of which inhibited their root length growth,

significantly inhibited the number of L. perenne root tips, and promoted the number of M. sativa root

tips. [Conclusion] Three kinds of fruit tree leaf extract showed significant inhibition on the growth of two

kinds of forage grasses, and the inhibitory effect of Z. jujuba extract was the smallest, and the growth of

L. perenne was less inhibited than that of M. sativa.

Key words

biochemical indexes
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F Excel #3504 ; i SPSS 23. 00 #4781 %
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2.1 AERRENSELERZEMEREETEY
ENZEm
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FERY AN TR B =2 ) 22 A AR PR SRR AR B AR 1 AR
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Table 1 Two-way ANOVA analysis of biomass of L. perenne and M. sativa under different tree extract treatments
r R e BT O S POk O B AR fitf o AR
‘ﬂ_ﬂl . Ji ﬁ%/ﬁ . H%.'“J Dry mass Fresh mass Root fresh Root dry

Species Source of variation Height

per plant per plant mass mass
BFh Varieties of trees 2.41 217.75" 208. 11" 27.61" 14. 20"
2k A
B 2R EE Extract concentration 51.84" 120,54 116,99 25.31" 21,42
L. perenne
R X IR R Varieties X Extract 1.59 29.75" 28.52" 16.99 ™ 14,07
B R Varieties of trees 3.07 23.69 " 23.65" 76.85"" 61.50"
o e e s
é‘ﬁfﬁ.ﬁ R PR L Extract concentration 103. 75" 56.68 " 56.53 " 23.97" 91.27"
. satrva
R X BRI Varieties X Extract 4.49° 10.39™ 10.36 25.59 ™ 22.16 ™

W RPBUE R F ittt « RonTE 0. 05 KPR EREE; *x TATE 0.0l KFEFEREE. FH.

Note: The values in the table are F-statistics. * indicates significant difference at 0. 05 level. *% indicates significant difference at 0. 01

level. The same as below.
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Fhm (P<<0.05), [RIFEREAFIRERE T2
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Table 2 Effects of different tree extracts on the biomass of L. perenne and M. sativa

=AY r " . M Bl (o [T v e ey
i R - 7 T B SR B I B I B BT
N - . = Height Dry mass Fresh mass Root fresh Root dry
Species Type of Concentration
/em per plant/g per plant/g mass/g mass/g
extract
CK 7.2340.40Ba” 0.524+0.03Aa" 2.034+0.13Aa" 0.814+0.08Ba” 0.2240.02Ba”
L 10.23+1.31Aa" 0.31-40.05Bb " 1.2240.19Bb” 0.70-40.03Ba” 0.19+0.01Ba”
M Tﬁ% 10.4040. 36 Aa” 0.154+0.02Cb" 0.5740.07Cb” 0.79+0.15Ba” 0.19+0.04Ba”
. pumila
H 7.1040. 66Ba” 0.18+0.05Ch” 0.69+0.17Cb" 0.65+0.17Bb”" 0.18+0.04Ba”
E 7.4340.83Ba” 0.1040.03Db"  0.394-0.13Db" 1.7340.14Ab"  0.4540.03Ab"
CK 7.23+0.40Ca” 0.5240.03Ba” 2.0340.13Ba” 0.81+0.08Aa" 0.22+0.02ABa”
I 8.73+0.21Ba” 0.76+0.09Aa" 2.94+0.36Aa" 1.0340.13Aa" 0.29740.04Aa"
ZARL o7 3¢ , ,
B = M 10.474+0.32Aa”  0.37+0.04Ca”  1.4540.17Ca”  0.54+0.06Ba”  0.17+0.02BCa”
L. perenne Z. jujuba
H 7.2340.15Ca” 0.40+0.06Ca” 1.55+0.23Ca”  0.56+0.03Bb"  0.1840.01BCa"”
E 5.97+1.08Da” 0.30+0.05Ca”" 1.184+0.17Ca” 0.39+0.04Bc” 0.1240.02Cc”
CK 7.2340.40BCa”  0.52+0.03Aa" 2.03+0.13Aa" 0.81+0.08Ba” 0.2240.02Ba"
L 9.90+1.01Aa" 0.0740.01Cc” 0.2640.04Cc” 0.774+0.18Ba" 0.2040.05Ba”
J %?f{ia 10.0740. 90Aa " 0.134+0.01Bb" 0.50+0.03Bb" 0.80+0.10Ba” 0.2040.02Ba”
H 7.4340.78BCa”  0.07%+0.03Cc” 0.2740.11Cc” 1.2040. 14Ba” 0.27+0.05Ba”
E 5.90+0.46Ca” 0.07=40.02Cb” 0.2940.05Chb" 2.5740.21Aa" 0.66=+0.05Aa"
CK 67.37+0.78BCa” 11.54+1.78Aa" 44.73+6.91Aa" 14.62+0.83Aa" 5.7440.29Aa"
L 71.87+4.69Bb” 6.27+1.92Ba” 24.314+7.48Ba” 10.55+1.34Ba” 2.64+0.33Ba”
M j‘i;ﬁ M 78.30+1.08Aa" 2.3140.86Cbh” 8.97+3.31Ch" 5.8240.19Ch” 1.5540.06Ch”
. pumila
H 63.7043.84CDa” 2.392£0.65Cb” 9.254+2.51Cb” 5.92+0.23Cc” 1.4940.08Cbh”
E 60.17+2,95Da” 2.17+0.79Cb” 8.43+3.06Ch” 7.4741.02Cb” 1.9240. 26BCb”
CK 67.37+0.78Ba” 11.54+1.78Aa"  44.73+6.91Aa" 14.624+0.83Aa" 5.7440.29Aa"
L 76.23+3.42Ab" 4.3241.08Ba”  16.7544.19Ba” 6.4940.45Ch” 1.7940.10Ca”
EVIALE % . . . .
m?ﬁﬂl’/‘fﬁ' ; L% 78.4041.00Aa" 8.8840.52Aa 34,4542, 03Aa” 5.49=+0. 25Cb 1.78%0.05Ch
M. sativa Z. jujuba
H 63.37+1.04Ca”  11.07+2.34Aa" 42,9349.06Aa” 12.64=+0.35Bb" 3.5640.29Ba”
< 57.5740.49Da” 4.63+0.66Ba” 17.9542.56Ba” 5.2740.46Ch” 1.7940.16Cb”
CK 67.37+0.78Ca”  11.54+1.78Aa" 44.73+6.91Aa" 14.62+0.83Ba” 5.74+0.29Aa"
L 79.5040.50Aa" 4.5940.49Ca” 17.8241.88Ca” 7.734+1.85Ca” 1.9340.49Ca”
% ; " . * x
7 ’Mrffrm 73.80+3. 96Ba 7.4040. 90Ba 28.7143.50Ba 14.36+1.27Ba 3.87+0. 26Ba
H 60.40+2. 42Da” 5.19+0.81Cb"  20.1343.15Cb" 15.7740.87Ba” 4.0040.26Ba”
E 51.07+4. 00Eb” 1.954+0.19Db” 7.55+0.75Db"  23.91+1.37Aa"  6.27+0.28Aa"

AR KRB B 2R 7R AR )35 48 WA TR vk B2 22 i) 225 57t B8 3 (P <<0. 05) 3 AN/ 7 Bk 36 7% A ) ¥k 3 AN AR 4 W =22 1) 22 S vk B 35 (P <<
0.05) 5 * FRyn SEAL B A A2 47 L A 2 R 22 fil 19 22 5 1 i 3% (P <<0. 05)..

Note: Different capital letters indicate significant differences between different concentrations of the same extraction solution (P <20, 05).
Different lowercase letters indicate significant differences between different extracts of the same concentration (P<C0.05). * indicates signifi-

cantly different between M. sativa and L. perenne (P<Z0.05).
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IR 7 et 5 3 e s [ B B LR N A e
B AR I M 2 R 5 (P <<0. 05) , FiAth 4 TG I 2 2%
S(P>>0.05), 240 T « Bl 5 v B2 38 lin L 42 46
T E R 3P iR A Ak O M S SR S A
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AN TR e B TR AR TR I 3 e R AU Ak A i TR
MR EZEF(P>0.05); M W T it & 1k Y i 7%
P8 5K T b 20 5 o 4R A S O T B R R TRV

BTG T s E e B AR R N R A s B A
VR B S8 I I R 7 A S B 0 S B AR LY )
HRAL (P<C0. 05), SAETETE « i 4 2 At S Ak ) il
TR A 3 25 5 (P =>0. 05) 5 1 A Ak U I
P i 952 VR VA R 3 S B AR S T v s T R
AR R VR FE S T v B ARG 5 B I 1l R R A Ak ) o
R Tl I 3¢ 18 VRV 48 i A A (P <<0. 05)

AN [ e B S AL R Vs R BT AR AR A
I 2 R R Ik S Ak W Tl 3 M Ak B A I S IR T R R A
PN B A SR S I M I R R VR A R R o v 44
s UK I 2 5 ki VR B VAU O = e T e
IR 3 5 2 $ R A 3T Sk 4 O 1 B
FXIRAL (P <C0.05), RALE T AP PR H
T B AR AL L H v B AL B 3 AT
Xt RRZHA H O BT 5 S0 I 0 1 T A
A H E W BT A8 E W T i & 10 & WS
s LOWREE T i e HLY T IR
VP A T G MR i AN T Al A MR
T AL W BB M s T A (P <
0.05), [F] %k B 12 HE R AL LR 22 4 A B 3 R N5
TEE 15 L AL AE AR A7 70 B 35 25 5, R [R) 28 A0 32 2 v A
BT 2 PPt iy A A A8 AR 4 22 5 (P <<0. 05).,
2.3 AARREMNESE4LEZEMEREERER
AR B 2 M

R Ty 22 Br i S (% O KW, R W2 420
SR AN [R) e B =2 i) 22 AT A B RN AE B TE AR
YRR A7 A 3 22 5 (P <<0. 05),
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Table 3 Two-way ANOVA analysis of chemical indicators of L. perenne and M. sativa

under different tree extract treatments

N ) sk Wom s asdeam  GAKD
v 77%%45'\ %}Lﬂ:lﬂlﬁ& o 1 =N T M 3T M- ﬂ:)(pﬁ
Eﬂl =X [ZI=EN (fﬁ H: (iﬁ H: 3T
S Source of ey AT i
Species L MDA POD CAT
variation Ve content S L SOD
content content activity activity g
activity
Varieties of trees 891.13 90. 77.82 34.97 180. 20 2.04
z@ﬁi SEL 9 ke RE
MR e BRMAE 441.02" 29. 22.05" 777" 112,147 5.41"
xtract concentration
L. perenne
Varieties X Extract 118. 27 14. 6. 32 6.03 60. 89 0. 87
T A o . o o
Varieties of trees 14. 86 111. 9. 88 6.65 34. 14 55.33
S 7 R I ; . e e
M. sativa Extract concentration 6.26 20. 7.10 2.50 34.08 34.99
) =P * * * *%
FR X B £ 39.10" 21. 2.35" 2.81 14. 49 20. 00

Varieties X Extract
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AR RE T8 3875 A1 [R5 52 WA [F] e B2 22 ] 2 53 1k 35 (P <<0. 05) s AN [R)/NE 5 B 38 7 AH R vk AR )
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Different capital letters indicate significant differences between different concentrations of the same extraction solution
(P<20.05). Different lowercase letters indicate significant differences between different extracts of the same concentration

(P<20.05). perenne (P<C0.05). The same as below.

Fig. 1 Analysis of chemical indicators of L.

* indicates significantly different between M. sativa and L.

perenne and M. sativa under different extract treatments
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Table 4 Two-way ANOVA analysis of root traits of L. perenne and M. sativa under different tree extract treatments

) ; Al ” ; g
i Jr A satui ol Lk L R
Species Source of variation “"m € Root length Root volume Root tip
L B R Varieties of trees 10,45 ™ 8.647 10. 65" 9.10™
IEE_ LM BF Extract concentration 2.70° 13.86" 2.78 13.08"
perenne BBl BRI Varieties X Extract 1.85 2.30" 1.90 1.12
Bl Varieties of trees 4.11°7 0. 64 4,137 4.40"
LT o
M. LU B Extract concentration 5,42 4,82" 5,417 7.78"
sativa
B PP X 22 Varieties X Extract 2.25 0. 82 2.28" 2.86"

EICK =L &M

L BER EEE
q 357 L. perenne Ank Aa* M. sativa
% 3.0F As¥fapay - %A"* AakAabk  Aak
c 0 2.5 Bat Aa¥ Aax
Bx == = Aa
=g 20 Bo* Bb*E
KE 1.5 22
% 3 Bb
z 1.0 L
g 05 =
0 1 1 =

L Kbk Joregia  AE Z jujuba  SER M. pumila LR Z jujuba  SER M. pumila

iSS

Root length/cm

TR
Root volume/cm

4 Z. jujuba

regia

s o 400}

ABa* Aax
ﬁ% | B 300t i
S 2000 = AT pg

100  B¥E A -
S = N 2 =il _:f: )
Btk J regia  4E Z jujuba 3ER M pumila 1tk J regia  4LE Z. jujub
BRWAA Type of extract BRI FE Type of extract

Bl 2 ANTa)iE PR WAL BT 20 4F A SR 22 RERIEE A6 8 AR R PRI AY 23 B

Fig. 2 Analysis of root traits of L. perenne and M. sativa under different extract treatments

HE 2 A MR R R EREL N EFAEREEMEAA BRI TR EES
PR AR A RO R AL KT LR AR (P>>0.05); R F L H M E WA FE £
(P<C0. 05) , [f] Xof JE 41 AH Bb JHG Ath vie i b 38 F AR 3R 1 EARERRNEMARE EMTABA. M H M E
MERFEZF(P>0.05 EWREGI T EMLERE  WREFERBIRE T L E R 2R m AU LT X
R TR 35 K T X HR AL (P <20, 05) 5 41 32 $27 LA LM AL HE (P <C0. 05),
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K BRI T LA M #e 2 ib B £ 4E 7
MRS R AR I TR IR AL (P <C0. 05) . R HE E 15
K TC 325 7 AR W T A IR 2 B
HRKEES TABA(P<0.05) , £HEHHEMRK
T 2257 (P>>0.05) R T X B4 Z4F
AREERKEERST LM M E WKL, Lk
AR SR A AR 25K T IRZH (P <<0. 05) . H
HAHTC % 2 % (P>>0.05),

MR . 24P AR oA BOARAR R E Wk Ak IR 4
T 2AEA A R R AR T L kA (P<<0. 05) , 3
AL PRI B 25 5 (P>>0. 05) ,E WL AR T &
AEA B RO R /N LUH R E e B SR R BT
AT A TR R AR 0 S AR T 0 HR A 5 S0 6 7 AR A
FLE W EE MR TR T 5246 B A5 AR FR il 35 e (IR (P
<<0. 05) , L AR ERIR T AL E A ARG B % 22 5 (P
=>0.05),M.H fl E ¢ 3R SR AL B N 2 5 7
MR B T X B A L ARBE(P<C0. 05),

HRARH . kIR R AL PR . M ORI E ¥ B b 2R
204 R R AR B 35 IR T B2, 2 AR R
AR AL PR 2248 A TR 2 BB I T X BR A
(P<C0.05); E W B MR 32 W R H ok 3 3 SR = 42
WAL R S0 A8 AR A B I 3 A & (P <<0. 05) , 41
AR WA T AL B AE AR L B & 25 (P>
0.05), HHIAIZFEW AL 2 47 A JEAF BRIEE AL 1 76 AR
FMZE R B E A FRANR IR T 2 Fha g il
FTH R S W3 (P<<0. 05),

31w’

3.1 AERRBAMNERBENSELEEZELEY
=:05-A1

A ) ] P 58 v R TR R AR AR P 0T LAt A ) A
AR A S TR A P 3 b 52 ) 32 K I AR AR ) 0 AR R
R YRR L R ALEE S, R
Y R A A ) AR K R A, AR S A R R,
AR FE SR MR IR B WL T, 2 4 A PR A mOA 5
A6 B A BRR T i O Sk TR AR VR v G I 3 AL
PRI v e B R R P BRI L X — I 5 A
i 5 v WL 52 3] 1 2% B4 IO W 2 . (Vigna radio-
ata) A KT AL, E 0. 012 5 g/mL 40
BARMAL I , AR R R R T B T B E
X B L X AT RE R TR R A R A K TR R
RN 5 DT R B0 L0 AR v B2 1 02 AR T L A 22 4E A IR 22
BT RN X 5 H ® (Tpomoea batatas) 157
IR 21 #i (Ageratum congzoides) B T4 K 1 52
i AR 357 3 Bk A1 e B AR 0 . SRR A A

ZAE N B R PR e B B R G I &2 o BT R
Feff g, W 2 A BF T4 R — 20 R I IR fe &
MG R IR R R RRAR T R A
244 A2 R0 i B, AT RE = 4 W T Ak 2 s
il TRAR Y AR A, DATIT R MR 1R AR A A AR
LB A KR L S TR X ] b 5 1Y
A TSSO AN [7] o A [7] 52 44 TRORT AN ] 5 ) A B3 0oy At A7
TE2E 53X 5 50 A5 RS 45 R — 3L,
3.2 AEERBEMEREENESELEEZTTENL
EiEad: Rl

o AL S LR AL ) B Ak RN AL ) R
A ) TR I 0% P AR T A R Gy, = P IR T AT
B 1k RS RG SALTk BRI A 2 4 R B e R B Y 3
FUANFE N PRSI T, 4R AR R RN —
T 5 ek W T L X 3R W IR A A2 SR A B R X
— R GG FET M — B MR RO
JERRE I B E RN S T S R R X S
REWEFEL A P A X ] R TRl G 5 B WOk
AN L A SRy o i B S TSR AR A AR Y B
AN MR NE 52 2™ A 5 e Y A A, T
REARRIL & 7Y L A A b V5 48 Ve 3 8 vy 1 1
ZAR A B R A SRR M S T R R R X S
AL E PSR B R,
SEAE T A 9 3 S S 0% e T e R A R 8 T
I SER Y Y R PR 22 4 A R A B AR U
PER R R B XATREE b TR T A
PR PRI PR S S 3G N, S T B ok 5 A i A
U )T P2 AR N3 N, 3X 5 KR B (Euphorbia jol-
Rinii ) Xt A6 15 A K R R A IR 9 45 RV — B,

TELL AR PRI BER 58 48 B A6 19l A L W) 1
Tt 1% 1 B i R e A e AT E — i A 0 B
rh R ST A I M {E 23R 4 YA v Ak B
—EAE I TP AR R RRR RN T £
AP A R AR A W A T TR R L T X i
L 3X 5 R T g g R — B AR B
o BRR SR AL BT L A il M B R SR R
JE RGNS b TS REAR AR AR 38 s AR A TR
Tt SR W il LA I T 1 AR DR g e AR A T 3 2
Jine SR A5 = A gl T S R RE S8 4
o T P 4 0 2 BRSBTS A W O R R
5, AN SRR AL R AR R B R
IR % S B AE FRAR , IX 5 3 PP A REIR SN T
752 (Tagetes erecta) F1% B 35 (Cosmos bipinnata)
BT A AR I AR 2 e B, A R AR TR A 3
T EAEE S N 2 AR A R R M A R R A
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Foxt R, 3 55 Ak 8% A 5O T K R A S HG AR DG Bk
R R o2 X (PN R S
3.3 AEARRBEMELEENSELERZERR
RN R

WRAEA I A K R o e vl 3 B 2R A T,
KA S IR o AR )0 S R A K
Kt origist AR R R B O EE, AR
FERMLTE 0. 1 g/mlL ¥ JEE B39 2R R 52 1 i Ak
BN B AE AR TN 22 47 2R TR R AR S T AR R AR TR R
3 AT A L e T D AR 1 A R R i
JEA AR IR RAL TR L AR IR A WA AR BRI X
SR FES PR -8 B R 2
W EEHBERK IR H 2SR, 55— 7. 76 m ik i
F4 32 RSB O v i 352 4 AL BT L 5 AR A AR
IR B E R, X — Kk B el B SE A BR
[F] . AT B8 U DA T 5 A T A B Y 8 % RE ) AR &R Y
0 T 7 i B A AR IR R 1 7 AR Y L M
FEZ N AR S IRAL R B 2245 A JR A2 AR A
FAR T IR, X T R Hh TR £ A B R x 22
A R BRI A TR EAE

R AN T e J3E AN [ 248 TR0 3528 i AR 30 436 3 R o AL )
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