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Effects of leaf litter aqueous extract on seed germination and seedling growth of

Elymus nutans in Eastern Qilian Mountains
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Grazingland Ecosystem Sustainability, Lanzhou 730070, China

Abstract: To understand the potential allelopathy of shrub litter in the maintenance of shrub-grass community structure,
three dominant shrub species and the dominant herbaceous species Elymus nutans in Eastern Qilian Mountains were used as
experimental materials. This paper analyzed the effects of Potentilla fruticosa, Salix rehderiana, and Rhododendron
capitatum with different concentrations (0.01 g/L., 0.025 g/L., 0.05 g/L, 0.075 g/L, 0.1 g/L.) of water extracts from the
shrub leaf litter and herbs litter between shrubs on seed germination, seedling morphology and physiological indexes of E.
nutans. The results are as follows; (1) The germination rate and germination potential of E. nutans seeds showed a

concentration effect of “low promotion and high inhibition” under the treatment of leaf litter extract of P. fruticosa and
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S. rehderiana. Under the treatment of litter extract of herbaceous, the germination rate and germination potential were firstly
increased and then decreased. Under the treatment of leaf litter extract of R. capitatum, the germination rate and germination
potential were decreased, and the seeds did not germinate when the concentration exceeded 0.075 g/L. (2) The leaf litter
extract of shrub species inhibited both the root length and dry weight of E. nutans seedlings, and it increased with the
increase of concentration. The concentration effects of P. fruticose, S. rehderiana and herbaceous under leaf litter extracts on
E. nutans seedling height showed “low promotion and high inhibition”. R. capitatum litter extract inhibited the fresh weight
and seedling height of E. nutans seedlings. (3) The activities of catalase and superoxide dismutase of E. nutans seedlings
showed a trend of first increasing and then decreasing with the increase of the concentration of the extract. The contents of
soluble sugar and soluble protein were higher when the concentration of litter extract was lower than 0.075 g/L. The content
of malondiadehyde continued to increase with the increase of the concentration under P. fruticose leaf litter extract
treatment, while it showed a trend of first increasing and then decreasing under S. rehderiana and herbaceous under leaf
litter extract treatments. On the whole, the allelopathic effect of leaf litter extract from shrub on E.nutans in descending
order; R. capitatum, S. rehderiana, herbaceous plants and P. fruticose, among which R. capitatum had a greater impact on
the herbaceous plants under shrub canopy, and allelopathy of leaf litter had a greater impact on the distribution of shrub-

grass system and the structure of shrub-grass community.

Key Words: allelopathy; shrubland; leaf litter; Elymus nutans
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IR TR S AR AR o T P K R NBEIE R R T R R e
LWL ( Salix cupularis) FH EVR I ( Hippophae rhamnides ) 7K RO TP ( Elymus nutans ) Fh 15 & &
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FETEIY U iR A I T PN 2RI TE 0 105 O oA B A TR AR PR Y o e v FEHE AR b A 25
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TR 3050 m, SAETEVR W, B AR 22 R, IR R, Toda xd T RE I, AR IR 0.16°C, Hoh % H
(1 7)) PR R-11.4C 5B (7 7)) R 11.2°C . 4EBKEN 416.9 mm,75.6% M EH T 7—9
AU ZEAS I A Z B K TR BGRB8, RARHCH 4 HIE BT %, 10 H A, A s
KT AALLE, 13 pH Sy 7.0—8.2, 13RI Ny 1) AT -

FIT SR AE M AT B 28 25 Sy o TE T AR ) MR T T 95% L) I, R BRI S T (17.8%) kAL ALY
(21.4%) AW (18.0% )  TERE4E 58 5 (93.7% ) 55 , A 1 N W) A Z A6 42w BE T8 % 6.05 4 5) FEF5 %81 0.96
Shannon-Wiener $8%1 1.72!"%)

1.2 R

WF5E T 2021 4F 10 H Ak A7 B SRR FE, 76 & G A5 JINECMD | Sk A6 AL BS 55 3 R e 6 T 430 0% 8 10 emx
10 emPRETT BEAE T N R G3fiff (I R 52 B TC A0 ) ) 7 T D e AP s RE TR AR (3R 1) IRV M L 20
LEVEAEREN] 10 emX 10 em FEJ7 AR SR G JR 75 0T R S0 KRS J5 9 08 9 b ] S0 36 % 45, 2 Al o
L St W SR/ 7o
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Table 1 Herbaceous species composition in shrubland

Yifieft Functional group YR, Species composition

SRk Leguminosae R T (Astragalus chilienshanensis) | ﬁ;ii( Vicia unijuga) N Vi 3| 4% ( Tibetia himalaica) &

TEFEPERET ( Elymus nutans) RIS (E. dahuricus) FREPEIRE (E. atratus) K ( Deschampsia cespitosa) | H
¥ ( Pennisetum flaccidum) 227551 % (Stipa capillacea) 55

&M 3 B ( Kobresia capillifolia ) | ¥& 4 5 (K. humilis ) BN % (K. kansuensis ) | 4 Ji B ( Blysmus
sinocompressus ) %

%ﬁ( Ranunculus japonicus ) | 2 R ( Potentilla anserina ) |, % 34 2% 5 3¢ ( P. multifida ) | /N K ¥ ( Rheum
pumilum) EREEZE( Polygonum viviparum) [ FH (P, macrophyllum ) | i) 3] ( Equisetum arvense) | FEAN B ( Thalictrum
aquilegifolium) T NYE( Taraxacum mongolicum) EHEHE ( Geranium wilfordii) H it B 56 ( Pedicularis kansuensis) |
KGE ( Leontopodium leontopodioides) il )L3E ( Cirsium arvense) %5

ARAPB} Gramineae

VHEEL Cyperaceae

ZLZ B Forbs

1.3 RErk
1.3.1 EHREMHS

HEFIFREL 60 g XTI RS ALK R RS A, A 1 L AETE LR, A 600 mL TG 7K , 76 4°C 18 R 7%
¥ 48 h, ST 4 220 A5 3 08 W UE R AE 4000 +/min 250 20 min, W FEE R, S B E R 0.1 o/L
(T5) BIRF K5 1% BT FH G KRR B, 43 3R AS M 0.01 ¢/ L(T1) ,0.025 g/L(T2) .0.05 g/L(T3) K& 0.075
g/L(T4) W, X BRA R TCHK (CK) o IR BRI 58 U PRAFTE VKA 4°C Z54F T &
1.3.2 FhFHiESLE

TEEUFERLIBLI | R/ INA A0 ) e R R ol | FH R SR R BN VA VR TR 5 2 miin, PR RK #h 8 3—5 IR
Je KR G IE AR Tk 2 . TEEA 2 JZUEACEE N 9 em AYEEFRILA N AR [ e B VR % TG
7K 5 ml T4 AT 30 T R B A A, 3 0 BT % S LR AT B AR B B 1k KAy FE R, A A i
3AERE , KEREFRILE 6 IR (RJE (25.0+1.0) °C G BINOE 16 b/ 8 h, JEIEERE 5000 Lux HPifEAT
i) . HETFRZ HS, 4 K B RIS Fh & 2RI DL, FFic sk & 2R R B ( AR ZESSBEFT 2 1 mm Ry & ZF AR
WED) 14 d JEIRERAE I, TR SRR I I E 4l i ik A K R A AR R
1.4 E AR SOy
141 KRR ZERE

FRZEE T d 11E K ZE#( Germination potential ,GP) , 5 14 d 37158 % 2% ( Germination rate, GR) £ ¥8F5 11
BARWT .

7d W ZEFP TR

RAER ) = mmrm 0%
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1.4.2  ARAERAIE

B MK SRR RIE . AR IR HAREE 14 K X9 BOREEA T A K AR 5 . BEALIEEL 10 ff 2
PRI A R RO o i v SRS, e AR 10 BRT- XM ; BEBLIBORT & 401 8 30 £, DA% 10 Bk —
A e E T 5y 22— ROFFR 4 3 AN E A T8 Rl e S Y4 AE 105°C R AT 30 min J5, 7
65°C MHET 2, 1T 43 2 — KPR,

1.4.3  AFRFE BRI

RFLINAEHT  BEDLRRTBE L) i T T AUASIUER B 4 #R(0.1 ¢-0.2 g) y—H SR S5 #4048 Tl A
WA P ORAE  ME B, A B =48 (3 DR ) . R A W e (NBT) ik Ji vk i 2 68 41k 9 5 Ak i
(SOD) G , 2R FH AL B A B 2% 0 52 3k S8 AL W Tt ( POD ) 305 M, 2R FH o8 6k 9 B ¥k 2 32 00 7 1o S8 PE &0 ( CAT) %
P SR FH U HE Gkl s ml vt sobl 5 i SR B BRAR B L 2R ( TBA) L (A ik RE T % (MDA) & i, R Al
R B I R N R A Y SR ISR G- 250 YL i e A MR (1 (TSP) S,

1.4.4 ALEBFEE(RD)

R FHRFEEL R A i AL BGRE S RI=1-C/T(M T=C) ;RI=T/C-1( 4 T<C) , Hrh ¢ 2Xf IRMH, T J&
AEFRAE , RT WG RALBFE L, XY RI>0 BRI MAEHEVEH, 2 RI<0 BRI 0HI1EH , RT B9 4a xHE A AEH
R BN, AR 2R G R0 ( Synthesis effect, SE) 4 RI BB AEIIME
1.5 Zdkab

K H Microsoft Excel 2016 #4178 10 5% S5 5511, 32 FH SPSS 20 B £ b 47 2 I 26 0y 224007, &8
FAEIK P E S P<0.05, ] origin 2021 VR,

2 HRSH

2.1 AR ERBO TE R B T R & 1 R

Pl 1 3R] R [ A V& R SR O S B B R R W R (S AR — 25 5, RAFR SR SSRGS
JHE IV B AR ) IR AR TR0 2 (0 T R AR B e T 5 RS HA 5 CK AR LL , P& MRS AE TS5 Bkl /]
W MTE) AN S AL AL RS R PR VA MR SRR AL R SEARBE R R 2 5 R 2SRRI B T g T
Wit [RVRELE LMD R 73 R B T5 I 4 okl £ 2 285, 480 CK 230 BRAIR T 23.0% ,45.6% , AL HE £ -0.82
=092, 15k ALAL RS I 75 MR EZUE T4 TS I TR 0 A 4 28 3 5 K 2F 35380 O AR Bt -1,

N [FIHE N8 o R S WO TR R B R DT 2538 5 R R B S A R A Sk AR A S > J1ELA0 > 5] REAS >
GrEEME, AET1WE JECR Y 94 iS4 V00T SR 00 B Ao 28 38 5 R 2R SR ) 0 3 oo T A Ak 3 5 Y
o T2 J5 SR AL RS I 7 R R R 82 T AL B R T3 U5, A 8 s SR A 4 S
R T 4 W A M I AR U P R AR AL
2.2 JYE MR ERBON ARSI A) i B AR AR 1 5
221 HimSHEK

R 2, e AR P 4y P R B < 8 A R [ A I P R R A T R IR ST R R AR A
SRAE T3 T2 B SR IR BN (8, (H35 5 CK 225 AN 35 0 TS B 4 88 M 9 2 s i i 4 F 3. i
STV 15 )V LA 55 Sk A A B 08 s B R VR 3 TP v T AT, 224 S AR AL G O % I R T3 e X &)y i T v A
FERDHIVERT AT T4 B ARRFE BN — 15 JINELAI 94 RSB0 TS B0 & T s 400 o 1 T 2 A o R AR
60.0% , TLIRHEHCH ~0.60 , N [FITHE AR 6 IR S TBONT 403 F5 T 2 1 52 ) A LA , 46 8 A 5 00 1) A U v R 4
VRUIb I 22 [10) 2 S5 N 8 5 T )V LA 7 R SRR I 4 V00 385 v i AT 5 0 [ e A 0 e i R A R A 3
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Fig.1 Effects of different leaf litter extracts on germination potential and germination rate of Elymus nutans
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i T3 B Sk AEAE RS 5 ) 1D 7 = S iV 2 e T A P e b 2
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Fig.2 Effects of different leaf litter extracts on seedling height and root length of Elymus nutans
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Fig.3 Effects of different leaf litter extracts on fresh weight and dry weight of Elymus nutans
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2.3 AR KR BRI T R B B B 4 P Ak A B R )5 )
R 2 Pos  TEANIR)HE DA S R B O v i B i b 3T e o e ok 4 1 4 A 0 AR AR T 3% 1 (SOD
CAT .POD i 1%) AHAEE B 1 P 5T (T PERE  rTst 8  IH2RR 1 i ) R BT S Ak ™ ) (MOD & i) 7
Pt
%2 FEBEME R BRI AR
Table 2 Effects of different litter extracts on physiological indexes of Elymus nutans

MAIEALEE A AL BTN BRSO WERSR [y

AR b3

Shrub name Treatment Superoxide Cata]ase/r Peroxidase/ Total soluble Tota-i soluble Proline/ , Malondiadehy(?e/
dismutase/(U/g)  (mg/g FW) (U/g) sugar/%  protein(mg/g) (/g FW)  (mmol/g FW)
E CK 1023.26+54.30a 1.45+0.14c¢ 3.82+0.41ab 21.64+2.99¢ 32.43+0.97¢c 10.16+0.82ab 11.21+0.71be
P. fruticosa L. Tl 478.51+33.44¢ 1.51+0.09bc 5.81x1.37a 29.66+1.91bc 43.04+2.34a 8.23+0.77b 9.04+0.65¢
T2 829.89+22.10ab 2.01+0.08a 5.81+1.07a 33.60+2.45bc 42.59+0.32b 8.79+0.40b 11.12+1.30be
T3 774.81+38.23ab 1.94+0.01a 4.71+1.34ab 34.36+4.96bc 37.43+0.30bc 9.08+0.97b 11.22+1.41bc
T4 768.51+78.59ab 1.80+0.06ab 3.67+0.12ab 37.20+4.19b 35.87+1.56bc 10.12+1.07ab 13.09+0.39b
T5 722.71+121.56bc  1.56+0.00bc 2.04+0.49h 52.32+¢7.41a 35.04+0.98bc 13.58+2.36a 21.80+0.38a
ALK HE CK 1023.26+54.30a 1.45+0.14a 3.82+0.41a 21.64+2.99b 32.43+0.97¢c 10.16+0.82a 11.22+0.71a
R. capitatum Tl 910.48+80.24a 1.07+0.05a 3.63+0.57a 24.51+1.28h 42.23+0.54h 8.68+0.20a 12.09+1.17a
T2 487.40+102.59b 1.40+0a 2.08+0.49a 37.23+0.27a 37.15+£0.57a 9.03+0.06a 11.52+1.26a
JIE M CK 1023.26+54.30a 1.45+0.14b 3.82+0.41ab 21.64+2.99¢ 32.43+£0.97¢ 10.16+0.82b 11.21£0.71ab
S. rehderiana Tl 946.46+6.668a 2.03+0.01a 5.51+1.33a 20.77+0.42¢ 38.12+0.36ab 8.23+0.30b 10.34+0.68b
T2 1093.68+70.12a 2.08+0.09a 3.41£0.85ab 35.37+4.25b 38.92+0.21a 9.19+0.53b 13.49+0.14a
T3 946.30+60.40a 1.88+0.15ab 1.05+0.53¢ 51.22+2.08a 37.74+0.63ab 27.14+3.60a 12.07+0.54ab
[N CK 1023.26+54.30a 1.45+0.14¢ 3.82+0.41b 21.64+2.99¢ 32.43+0.97be 10.16+0.82a 11.21£0.71b
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