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Abstract : Chinese prickly ash (Zanthoxylum piperitum) is an important cash crop in the mountain areas of the eastern Tibetan
Plateau, especially in the fragile dry valleys of the upper Minjiang Rivers which is one of the most important branches of
Yangtze River. Monoculture of the species on the slopes was a common practice which has caused serious soil erosion and many
other problems such as serious pest and disease plagues, aborted seedling .replant, and declined production. It is thus urgent
for creating a suitable pattern of the Chinese prickly ash incorporated with nitrogen fixation plants to improve economic and
environmental benefits sustainably.

The perennial alfalfa (Medicago sativa) is presently used as a forage crop or cover plant to reduce soil erosion caused by
wind and water and to improve the quality of soil by nitrogen fixation in many regions of China. However, their allelopathic
compatibility may be crucial to determine if the Chinese prickly ash can successfully be intercropped with the perennial alfalfa
though their allelopathic interaction has seldom been studied.

The experiments were conducted to test the varietal differences in allelopathic potential of four common varieties of

Chinese prickly ash (Zanthoxylum piperitum DC) plants, namely Da Hongpao (DHP), HanYuanjiao (HY]), Da Maojiao
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(DM]) and Qi Yuejiao (QYJ), for the seed germination and seedling growth of alfalfa. The purpose was to understand better
the allelopathic interaction effects among different Chinese prickly ash varieties and alfalfa and to provide farmers the possibility
and management techniques for assémblé sequence of the incorporation of the Chinese prickly ash and alfalfa.

Allelopathic effects of the Chinese prickly ash were tested with alfalfa seed under a range gradients including 2.5, 5.0,
10. 0, 20. 0 and 40. 0 g * L™! aqueous extracts of the leaves from the four varieties. It was found that the aqueous extracts from
the four Chinese prickly ash varieties significantly inhibited both the germination and the growth, and promoted root and shoot
biomass of alfalfa compared with the controls. The results showed that allelopathic effects of the four Chinese prickly ash
varieties on alfalfa seed germination were only a slightly difference amongst the varieties while the influences on growth and
root and shoot biomass of alfalfa significantly varied with the variety. In generally, allelopathic potential of the leaf extracts ot
the four varieties synthetically ranked HYJ, QYJ, DMJ, and DHP from the weakest to the strongest. In addition, allelopathic
effects of the soil of the Chinese prickly ash plantation on the seed germination and early seedling growth of the alfalfa were
also significant. Finally, allelochemicals were revealed in all the four Chinese prickly ash varieties on the basis of the
component analysis of the volatile oils from the four varietals using GC-MS. The allelochemicals of volatile oil from Chinese
prickly ash varieties mainly included cineole, linalool, linalyl acetate, - caryophyllene and terpinen-4-ol. All correlative issues
with the allelopathic effects of Chinese prickly ash on alfalfa were discussed at the end of the paper.

Key words ; Allelopathy; seed germination; seedling growth; Chinese prickly ash ;alfalfa
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Table 1 Effect of the leaf extracts of Chinese prickly ash on the seed germination of alfalfa
_ e
% 7 RERKE RERD  WRFMAMMPEC) b o Ha e ormimarion
Variety Extract concentration Rate of germination Mean IJ.erlo.d of final Final germination(%) inhibition/
(g L7 (seeds d—1) germination (d) stimulation( %)
K4L#1 DHP 40. 0 26. 73D 1. 79D 89. 30b —10.7
20.0 36. 00C 1. 51C 96. 00a —4. 0
10. 0 46. 178 1. 12B 97. 30a —2.7
5.0 48. 50A 1.06A 99. 30a -0, 7
2.5 48. 83A 1. 05A 100. 00a 0.0
p value $<0. 001 »<<0. 001 $<0. 05
B HY] 40. 0 27. 28D 1. 79D 87. 30b —12.7
20. 0 38. 94C 1. 46C 97. 30a —3.7
10.0 43. 44B 1.18B 98a —2.0
5. 0 48. 33A 1. 04A 98. 70a —1.3
2.9 49.17A 1. 04A 100. 00a 0.0
p value p»<<0. 001 £<<0. 001 p2<<0.05
KEH DM] 40. 0 20. 89D 1. 93D 74. 70c —15. 4
20. 0 33.17C 1. 64C 90. 60b —3. 4
10. 0 43. 50B 1. 248 97. 30ab ~—2.7
5. 0 47. 44AB 1. 11AB 100a 0.0
2.0 47. 56AB 1. 09A 100a 0.0
p value »<<0. 001 £<<0. 001 $»<<0.05
T HAM QY] 40. 0 33.72D 1. 56D 92. 00b —8.0
20. 0 40. 89C 1. 3C 98. 70a 0 0
10. 0 46. 288 1.178B 100. 00a 0.0
5.0 47. 89AB 1. 09AB 100. 00a 0.0
2.9 49.17A 1. 04A 100. 00a 0.0
p value $<C0. 001 £<<0. 001 p<<0.05
0 49, 28A 1. 03A 100a 0.0

EFRRT EBEHEKE;ARBTH

L RARARERIRERER,H LSD B3 1518 The levels of significance are also shown; Different letters

indicate significant differences between concentrations for each of the measure parameters, using L.SD tests
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Table 2 Effect of soil extracts on alfalfa germination and growth

Fig. 4 Effect of leaf extracts on shoot biomass DHP, HY], DM]

—

i TR R 15 46 BE (cm) K B (cm) 15 4 & (mg) £ Y& (mg)
Treatment Seed germination Root length Shoot length Root biomass Shoot biomass
X i CK 98. 67a 2. 5ba 2. 87a 0.1272a 0.1092a
g Nk 95. 33a 1. 87b 1. 98b 0. 1057b 0. 0978b
Nonautoclaved soil (—4.67%) (—26.95%) (—26.67%) (—16.90%) (—10.44%)
= i 1+ % 96. 67a 1. 93b 2. 00b 0. 1048b 0. 0970b
Autoclaved soil (—3.43%) (—24.61%) (—30.31%) (—17.61%) (—11.17%)

= ':l:'-% | B 5} B F+ -LSD ZEHBEER. FEARAEABEHREREFH Differen:_letters indicate s;gnificant- differences between

concentrations for each of the measure parameters, at the 5% level using LSD tests; IS FHNBE R A ST BHELL MBI E 40, “+ 7%

i, “—7"F W /> ; Value in paretheses are % increase(-+values) and % decrease (—values) with reference to control (I )
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copaene) . % 4% (camphene) , N B8 E B BE (linalyl proplonate)%ﬂﬁz;%(gurjunene)é’ﬁtﬁﬁiﬁ}ﬁf P BEHEER: Bt H
WP BT & R B (carene) M1 T T35 M (germacrene) F B 43520 4. 50401 7. 31 %, M E dn Fp A A & B GR 3).

REARBHWERZMBETHEEABRKER B4 MM ERTEXMAMERATE 71X EHD 25 5RO K
B HABMRKERETA DS B K 45.92)0.21.98%0.46. 96 %0 45. 01040, W4~ ah 7 o 39 % 43 54 Bp (cineole) | B BR X
(linalool) . Z. B8 B ¥F (B ) BE (linalyl acetate) . B- A 7 & (B-caryophyllene) Fi 1 /i -4-BF (terpinen-4-olp) F 3L H B4 (F 3).

NEREZYNEBRRI T FERIRE . EHEM 1,8, K. tHAMBRXKERNELYEENTESHE,
Ho, BB A- AT Z BB (BOBRA 1, 8- KW B B (R 3).

3 i
3.1 AWM EREBXNRTEHRMYGEE KB Z H

HERERNANDEMMEBRDEE SRR N, EARIBELMNF TEEM FHERE D . MFHREWIL S5, 08
R HRPHWEAS BAPREAHRAHRNMEAREHET I LEBEARNE LG TN BEXMER LR, & LG
AFRIKEHRERNEEHF FH AN SEATRBHERN AR, RUX LS8R LH TR R T8 A8
Frn B AENHXRAHUIANSHEN TRAH KB 4 R R HSREH*E 5 HFSEM T, X1 R W
FHENBNERE;MHEAAMEREHEIUX-SREREEN ERERFHAREENHREBENGEM i 2944
SRS B 3 B I AR SR B AR MR R B R B R, R R Aok B, 3 3 R R B B, 75 R Ak B I e A
MR FERNBERREE K XM RFIHEOWE RN R ERAL BRMAFHERBNRLHE KT L, ERERFE
B, 1 KR & M A ar 45

AR ERERMNERAZEME KB ETHH . MERBEZZAWAHBNERE 1,2, EAaERKEHTHAME
K itk B R R Y Wi o B AR, X T R B R A R — 3L AT e R AR B R AL BRI R R AT X B A ok B N, B
MEEFHRERLRYERENENS R, BAARZRLHREED THRIHERD, XERERERE DI SEE R
K, ATHEPHAEBRYREEAEBR A IHBE MEESRAHEMBREN (E 2., ETEBET MW= 4 ML RY
FRE L, i1 B2 R A Y X AL BB R R SR KUY IR Fif T RERAR . AEREMEDS MARRBHO K, KR EES B
A BEF X ERREBAE G MAESMB PR RO E, B, EERFZHT ERTPHARYRAEN TERENE
] 56 5% .
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A] AHER AU LR BR R T AL B i, B AR B AR R AL B f & & 77 78 B RN M HB #H — B KT
3.2 AEGEFZE SR E 1 BB R RS
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MEERKBE=EMHIER XE—EXGTREERAEH.AFEENE, MR FEEEHEARNEYRET . FEARB
EEE.TMEREEAWNEMZEZGLEARMM, YBRESH T . AVEBRESREBETLIRPAURYEHED EKER
K AUBEEHEERERK . RE M ARESERRT L FEG  RERERARES (A E BN F B, BERI R S bR
PR, YHRRI -~ EBERRSNEENERK . KEFEMGER . B, 76 B B 48 B Rl 7eae & B R IERUR AR &
Bf, AMEEERINRA R FHHEAERNER, BN LRBN B AT ZAR.
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Table 3 Analysis of volatile oil from the fresh leaves of Chinese prickly ash by GC-MS

.43 Component

4 f Relative amount (%)

K41 # DHP IR HY] + AW QY] KEWH DM]

# % %€ unknown 1. 88 — 1.49
* % € unknown 0. 39 — —
a-JE K a-pinene 0.43 — 0. 55
¥4 sabinene 0. 48 — 0. 96
B-A M f-myrcene 1. 70 — 1. 66
a-B5 fh M5 a-terpinene 0.19 — 0. 29
Fr#E B limonene 6. 20 — 3.95
1.8-¥ & 1,8-cineole 7.83 3. 28 8. 77
=X - % 4 cis-ocimene 1. 20 —= 3. 40
Y-$E &M% 7-terpinene 0. 61 — 0. 80
K -0-F #j trans-S-ocimene 1. 61 — 2. 87
SR MM terpinolene 0. 29 — 0. 31
a-F] FEE B a-copaene 0. 42 — —

H 3B B linalool 16. 67 10. 55 16. 47 17. 89
2. % B AR (EE)EE linalyl acetate 8.12 0. 33 4. 48
R -A 1T # trans-caryophyllene0. 15 — 0. 15 —
B-F4T#% B-caryophyllene 8.79 5. 35 7.26
T Sh-4-B¥ terpinen-4-ol 3.29 1.01 5. 06
S F# elemene — —0. 53 —
P-¥e WK Hs B-selinene — 0. 69 —
a-Z, ER WA VHBE a-terpinenyl acetate — 0.76 —
a-T5 H B a-terpineol — 1. 99 —
a- M 7F 5 a-humulene — — —
T F&H germacrene — 0.72 —
B8 aromadendrene 0. 25 — -

F % F unknown 0. 22 — -
B-FF# [-selinene 2. 44 -— 2. 58
a- A% >~ T 4% a-amorphene 0. 15 — 0.23
(+)-2-84 (- )-2-carene —— — 4. 50
T F#&F ¥ germacrene - — 7. 31
% % camphene 5. 88 — —
PR B BffE linalyl propionate 4. 62 - —
a- 4 AR % a-muurolene 0.19 - 0. 55
T &% bicyclogermacrene 0. 78 — 0. 84
¥ 1EBE 2 BRBE neryl acetate 1.19 — 0. 82
A-¥ ¥A 5 A-cadinene 1. 32 0.72 2. 20
¥4 )LZ. 8RB geranyl acetate 2. 11 0. 34 1. 27
2-+=%E 8 2-tridecanone 0.55 0. 63 0. 84
WA -EFHEHB 1s,cis-calamenene 0.11 — —
R -F M BF trans-geraniol 0.53 — —

F M B¥ geraniol 1. 67 — 1. 05
B-# B B-ionone 0. 14 — —
ATERE Y caryophyllene oxide 0. 40 — 0. 34
¥3 1L B BE nerolidol 0. 61 — 0. 70
k%% unknown 0. 20 — 0. 33
fr @ B2 spathulenol — — 0. 36
F* % % unknown — — 1.11
~+ - Rt B 3% 11 4% BF +-Spathulenol 0.22 — —
T F&Er eugenol 2. 89 0. 63 4. 09
k% unknown 0. 45 0. 74 2.72
a— B B FE M a-copaene 0. 18 — 0. 38
F % & unknown — — 0. 55
%k % ¢ unknown 0.19 — —
a-ZL % 73 8% a-bisabolol 0. 85 — 0.77
W ZE M gurjunene 0. 69 — o
2- B H E-4- (2-IAHH)-F B phenol, 2-methoxy-4-(2-propenyl) — — 0. 36
F X %€ unknown 0. 99 — 1. 05
T FHE ZBES eugenyl acetate 2. 72 16. 75 —
ST B K By chavicol — 0. 55 —
B #&® dodecanoic acid — 0. 44 —
KEE un ) — 0. 66 e

# % F unknown 0. 25 0.73 0. 34
F % E unkn 0. 25 — 1. 35
588 BE hexadecanoic acid 2. 867 i.45 3.73
%k % € unknown 0.56 — —
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