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Abstract: In plant-plant interactions, VOCs, as “pheromones” , can facilitate defense capability of neighboring plants of
the same or different species. Plant VOCs can also inhibit seed germination and seedling growth of other plants in the
community through allelopathic effects, so the competitiveness and population growth of the VOC emitters are strengthened.
The extract of Artemisia frigida Willd. significantly inhibits the seed germination and seedling growth of pasture plants. The
similar effects have also been found to result from VOCs, with the effects being stronger on the root growth than on the shoot
growth and stronger from VOCs of damaged plants than from that of undamaged plants of A. frigida. In consideration of the
characteristics of the allelopathy of A. frigida to plant growth and development, we collected the VOCs from damaged A.
frigida plants using the dynamic headspace air-circulation method, identified the main compounds of VOCs with thermal-
desorption cold trap/gas chromatography/mass spectrum ( TCT/GC/MS), and investigated their effects on root growth and
development of four pasture plants (i. e. Melitotus suaveolens Ledeb. , Sorghum sudanense, Elymus dahuricus Turcz. ,
Agropyron cristatum L. ). Results showed that damaged A. frigida plants emitted 30 types of VOCs, mainly as terpenoids,
alcohols, esters, aldehydes and ketones. The compounds with more than 1% relative content accounted for 97.37% of the

total VOCs, in which eucalyptol was the most abundant compound (22.43% ). The root growth in M. suaveolens, S.
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sudanense, E. dahuricus and A. cristatum, and the development of lateral roots in S. sudanense and fibrous roots in A.
cristatum were significantly inhibited (P <0.01) and reduced by 51.55% , 55.34% , 37.57% , 48.68% , 93.04% and
25.00% , respectively. The root biomass of the four pasture plants was also significantly inhibited (P <0.01) and reduced
by 61.84% , 44.81% , 63.95% and 70.97% , respectively. The structures of root stele in the four pasture plants were
influenced by the VOCs emitted from damaged A. frigida plants; the phloem, cambium and xylem in M. suaveolens were
not differentiated, and the structures of root stele were disordered ; the Casparian strips in S. sudanense, E. dahuricus and
A. cristatum were not developed completely; and the structures of root stele in S. sudanense and E. dahuricus were
disordered. Therefore, it is evident that the VOCs emitted from damaged A. frigida plants markedly influence the root
growth and development of pasture plants. Because the development of Casparian strip was not complete due to the impacts
of the VOCs emitted from the damaged A. frigida plants, and the differentiation of phloem, cambium and xylem were
inhibited, the development of plant roots, the absorption and transport of water and nutrients were restricted in the pasture
plants studied. The change in root structure will consequently limit the growth and development of whole plant. The results
provide experimental evidence to assist with elucidating the mechanism of the effect of allelopathic substance to the

development of seedling root, and with clarifying the mechanism of grassland degradation.

Key Words: Artemisia frigida Willd. ; VOCs; pasture grass roots; allelopathy; paraffin section
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TR, R R RE I E R AR EY 2 — R H B R EHE WY A R A R . R E R
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1.1 SE5bk

& (Artemisia frigida Willd. ) F 2007 4E 7 H 3% B 21| £ 5 Bt (B A AR 40°47'—41°23" N,110°31'—
111°53" E) ,7EWNSE R K55 50 FH A 85 RPK 2, 78 2008 4F 4 A ¥ HBAE TAEA (@ 30 em) W, 543 2 #k,
HEAMHRE 3 ERI BRI, /7 A B ERKE 15—20 em 5T LR,

ZARAEY) B AR MR ( Melitotus suaveolens Ledeb. ) | 71 F3 EL ( Sorghum sudanense) .3 BR 5L ( Elymus dahuricus
Turcz. ) FIVKEL (Agropyron cristatum L. ) 55 4 FPHEL
1.2 HEYEIR AL

PEBUI S —BU R R A 1% KMnO, 55 15 min, SR )5 FIZEIE/K VL S IR, IR 1 min, FFAE3H 5 B
T2 R RN E IS AP P Z R AR G SR (@ 15 om) B ILEERD 50 K35 —H W+, M F s ET
SO 1B B B X —/NR R 9 T 35X — /N ] Ay S 8E /1N ] ( responding chamber, RC) ;R 2 #5454
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/I lA] 2175 % /N [A] (inducing chamber, IC) ,RC 5 IC Z A —EAE 5 cm K/ AR, [FEF-5 /ML ITARYS
) IC MIBEING AR S em W/NFL T, BEBI/NFLARRS , JF ELIEXS TR SRR sh & s £ RC A, 4l R PSR
AR A S5/ L IARRS , 765 /0L T AEXS ) RC MU BETR SR F B2 R T (B 1) o SERe B 43
13ve H N NI AURRA , BOARR BE D 1/3 I F 52 480, F AL B SRS T 32 B BB X v 5 i B it o %
FrAF OB 14 h (25°C) /B85 10 h (15°C) , SEHASREE 200 pwmol -m > s ™', SRFAFERE N 1 em HYMUZIEALSE
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Fig. 1 System of twin-chamber cages

(A) 5% # VOCs AL PRBCRIRIT 5 (B) XHH, ¥k #f VOCs AL BB e T

1.3 HB5E
1.3.1 SRS e 5 E

HEHEE N TR RS, B ERAE KRN EBR2EN, ST E , FIH QC-1 BUKRSRAFN(JL
FEH S SRR TR R R A ] U RS Y s BT B4R L I #4518 8 VOCs, H.
SRAFT VR 8 5 AL FR N 1 B Ve AR S8R — B SRR ARl . W NS TR AME M . SRR
B JE] A7 15 min, RS FEE 0.1 m>min ' ;3 REXH .

¥E VOCs 4 43 43 ¥ % FH 4L B /R A8 68 3%/ 5% 1% Bk F 5 43 #7 ( Thermal-desorption Cold Trap/Gas
Chromatography/Mass Spectrum, TCT/GC/MS) , TCT ( CPG-4010PTI #I, Chrompack Inc, Raritan, New Jersey,
USA) TAEZAMF : RGEE 7 20 kPa; #EAF DR EE 250 °C 5 JBiMHEEE 250 °C (fRFF 10 min) ;¥ BHEEE - 120 C (f&
# 3 min) ; 2 BEFRERHE R 260 °C, GC (Trace™?2000 %I, CE Instruments Ltd, Wigan, Lancashire, UK) T4E4%
4 . f83E&4F A CP-Sil8 Low Bleed/MS # (60 m x0.25 mm x0.25 pwm, Chrompack France, Les Ullis, France) ;2
FFHE 40 C (££3F 3 min) —»6 C-min ' —250 C ({£#F 3 min) > HFFIEF 270 C ({£#F 5 min) , MS
( Voyager % | Finnigan, Thermo-Quest, Milan, Italy) TA/ES%/4:EL ¥, 5 T-HE 70 eV, B TIRIRE N 200 C ;i &
S5 29—350 m/z; $E T IREE 250 °C ;AT 223 150 pA.

GC/MS JREHHE M Xcalibur /4 ( Thermo-Finnigan ; Les Ullis, France) 3%1%. X & &R EARIET—1k
A
1.3.2  ZhARa A K E I E

BERFHI A Sd 5, R A% BRI & 4 i B, g RAMR (AR ) MEE , 1> 40 20 & 10 R, Bk
WS —BLE 3 W, AR 54020 0T PR BB E N5, B T 105 CAR_F 0.5 h J5,80 CHt=1E
H,FREHNRTE, 3 KER,
1.3.3  4ERIRA RS WAL

AR K E A FAA [E5E , 4 50% 70% 80% 90% 95% 100% 1 BEEAE K JG , FH —H RSB, &
B )s T ak Y R JRE R 10 wm, R -FE Y65, WL, kA OLYMPUS BX41 B4 IAHR S
(Olympus, Tokyo, Japan) #E1T3H 1 .
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2.1 R E VOCs M EBES KNS

B2 i ive & VOCs il GC/MS 347 B i B 7 i (total on current, TIC) , FIBRA R U H M AL UG
FAETEH T 30 Mba (R 1), X4 VOCs il fbaty 13 B2 11 F BRJE 3 A BEJS 2 A B 1
i, AR S BRT 1% Kba 3t i VOCs BB 97.37% . 7EiX 28 VOCs FrAZ A il A AR XT & B By
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100 — 22.02

X

2 80 |

2

[=1

54

2 60 | 2327 2881

kS 21.79

=40 |

&

rog 20 15/.82 31 15 34.50

E 16.14
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Fig. 2 The TIC of VOCs from A. frigida was anaylsed by TCT/GC/MS
#5%9E VOCs MEER S
Table 1 The main components of the VOCs from damaged A. frigida
45 B B} 6]/ min ¥R A YL A Volatile organic compounds SFR ARRS Er i/ %
Retention time 1304k Chinese name Y4 FK English name Chemical formula Relative content

13.51 Ji-3-C 3 cis-3-Hexenal CeH,;, O 1.15+0.13
15.57 2-CU 2-Pentenal CeHy0 1.34 £0.18
15.82 3-CAmE 3-Hexenol (c,t) C¢H;,0 2.81+0.23
16.14 [N 1-Hexanol C6H,,0 0.50 £0.04
16.23 2. 5k fig Isopentyl alcohol , acetate C,H,,0, 0.17 £0.05
18.02 o-JEK a-Pinene CioHye 0.04 +0.01
18.40 B-IEHE B-Pinene CioHyg 0.05 +0.01
19.06 &= Santolina triene CioHye 0.07 £0.01
19.71 KR Phellandrene CioHye 0.39 £0.09
20.09 b3 Camphene CioHyg 6.28 £0.58
20.29 1-TF45-3-F 1-Nonen-3-ol CoH;gO 0.58 +0.07
20.74 (E)-ZB&-3-C. % (E)-3-Hexen-1-ol , acetate, CgH,, 0, 10.96 +1.37
21.79 PRIV IR p-Cymene CyoHyy 4.11 +£0.08
22.07 FEAR i Eucalyptol CioHisO 22.43 +2.49
22.55 i Terpinen CioHyg 1.12 £0.27
23.27 o-THG i P a-Terpineol CioHisO 11.01 £0.99
23.75 YR Linalol CyHys0 0.13 £0.07
23.94 -9\ Cucumber alcohol CoH;O0 0.23 +0.04
24.22 B~ it P B-Terpineol CioH;s0 3.56 +0.26
25.76 iR Camphor CioH;s0 7.85 +0.84
25.87 J-$e4 ) LEE cis-Geraniol CioHi;sO 2.66 £0.47
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gk

A5 B2 I} [/ min FER A DALEY) Volatile organic compounds AFR AN SR/ %

Retention time 1 £ FR Chinese name Y4 FR English name Chemical formula Relative content
26.58 Vi9an Borneol CioH;s0 4.47 +0.33
26.94 (S)-(-) -7 - 1 -5 - 8 - (S)-(-) -p-menth-1-en-8-ol CioHisO 1.80 £0.18
28.81 (1R,4R)-( +)-X4-Wi752,8-—# (1R,4R)-( +)-p-Mentha-2,8-diene Cy2Hy 9.15 +0.86
29.27 ZRVK A ER Bomyl acetate Ci,Hyy O, 1.37 £0.29
31.75 e Copaene CisHyy 1.50 £0.15
33.02 (Z) =Wk (Z) -Faresene CisHyy 0.13 £0.02
34.32 AR Cedrene CisHyy 0.33 +£0.03
34.50 KA M-F4 D Germacrene D CisHyy 2.48 +0.14
34.76 4(14) , 114U Fudesma-4 (14) ,11-diene CysHas 1.30 £0.13

2.2 Hitire#E VOCs MHERRERKE T KM

Ve VOCs X TR 5 FHEE P A VK 4R A4 6 5 F 338 3 T 1 B 27K F (P <0.01) , )
2RI A 51.55% \55.34% 37.57% F1 48. 68 % , o Xt F5FH 5 R0 A6 £ PR A A, X 0 68 B 54400 1 1 ) e 7
(E3),

Bl 4 R, 5 H VOCs X 57573 B AR BN vk AR B 0 86 £ PR 22 57 (.2 (P < 0. O1) |, X a3
WREHIMEEFAZER B (P <0.05), #4578 VOCs Xt 75 P B AR 5 30 il 4 F BB oK, 30 ) 2R 1 ik
93. 04% , %ot B E AR ZR 410 6 £ I e /N 20.69% (&1 4) o

A4 Plant species
Ss

A4 Plant species
Ed

7/

>
)

W
i

**'

**|N @
RN #

S M\

#14)2 Inhibition ratio/%

-100 - *
-100 L *

B4 %% VOCs X7UR (MR ) K%M
Fig. 4 Effects on the fibrous ( lateral) roots with VOCs from A.
frigida
Ss: I FHE S, sudanense; Ed: 5 9§ 5 E. dahuricus; Ac: VK L A.
cristatum; * F/n P<0. 05,273 BE; « « F/R P<0. 01,57
LTS

3 %% VOCs X4 iRK MR
Fig. 3 Effects on the roots length with VOCs from A. frigida
Ms: HiARHME M. suaveolens;Ss: 7 FFH S. sudanense; Ed; PR 5 E.
dahuricus ;Ac: VKBS A, cristatum; * Fyn P<0. 05, 2% B E; «
FR P<0. 01, 5 B3

B HE VOCs X 4 R 4R A= B AR R AR IR B B3 7K (P <0.01) o X HEiRE SIREF E 1Y
TR, o 65.67% 3 X vk E AR G T A4l R IR/, O 44.44% o XEFTEM S, H0i% HE VOCs X
PKE RSN EIVE RO, O T1.43% 5 X957 E I/ /N, O 44.70% (3£ 2) o

MBS T LA X BB AR L G A R SE B R RS B B B AR B ERAT 1 A AT B, T 1R 4598
VOCs 435 , &R0 & 32 2R [RIFR BE M2 , BLAARR By B AR X 1> AR S5 AN , B0 AR AT
B STE R B 24 5 TP B A KR LR R R AN SE B (RIS 5P B R B o A I A A
L
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F2 RE VOCs X4 EMERFNG
Table 2 Effects on the mass of roots with VOCs from A. frigida

i H Item Ms Ss Ed Ac

H 4% T Fresh mass of roots/mg CK 9.32 +£0.19 21.81 +1.01 7.50 £0.47 2.60 £0.87
TAd 3.20+0.46*" 9.32+0.50** 2.74 +0.59 ** 1.44 +0.35**

#R T Dry mass of roots/mg CK 0.76 £0.12 2.41 £0.55 0.86 +0.04 0.62 +0.03
TAd 0.29 +0.02** 1.33 £0.44** 0.31 +0.06 ** 0.18 +0.01 **

TAd: #i 7% # VOCs 4b 2

3 g

TR R EE RO BRI E A TR VOCs') |, LR N Co &k M-45 % 4 (green leaf volatiles,
GLVs) "™ 41 2-CLHBE 3-CUREE 2- LB 3-CUR B R, BB S B S A PR B ML 9 KB, (LS 5 | 5 4R PR 78
PAATE UG IR PIE 5K ; BAMIE R SSR S G (W0 o- TR M B AT ) K BB, R fa i 4k, B
B BRI — SR BT WA £, I B E S A VOCs B i B R se bR 2.5 5% &
o BRI S8 H VOCs B R, WEEM GG B KB C /R . SRR BRIT Y, tn 3-C 4%
B OB JD-3- O EE 2- O, & B A% 2.81% 0. 50% \1.15% 1. 34% ; [FE R (1R, 4R)-( +)-
Xof -V 2, 8- M HAAHE 4 (14) , 11-HEM SURSEBT MBI IR (R 1) o

TENTEG Y, ZEASEPIIRFE M T35 (Alania tenuifolia) 3 1 #7345 4 1 B R0UBL0 R M IRi AR M
o-TRIGSFLE Y, I 3 T B AL B AR IR ( Elymus nutans) , SEAERR o BB BRIE G MERRAR , M4 K
FEMBEA . DEE %S IR, A YR & T3 E (Ligularia virgaurea) H) F BALBIE IR ,
FHiE S R IE RG22 W H 25 ( Festuca sinensis) \ K48 % ( Bromus magnus) . FE 3% 98 5 . B R ( Poa
annua) M (F. ovina) % 5 FEF TR R EK . ABFFER, M il 545 i 2 51 0572 & VOCs 1)
FERIT, IFHEHE —ERN o- TR, RN TR S YRR E VOCs M FZEY FRA (R 1) , X &G
YRR RAE KR T W EZABY R, F o-ff B (E)-Z8R-3-CMEE KE S5 a S e v
AR E VOCs [ FZ LAY, 3X 264 B2 5 2 K HE A0 E A M B By, 75 Bl AR I 47 e
Tk iR 25 SR AR Y R R AT 15 5 AL B A, 3E R 2 —Fh VOCs 76 3R 1R , 7T R £ F VOCs JE[FIfE
AR, Rl HEFES 7 RELIAGFEEMEEN . BHRE VOCs BIFEZ M (R 1) , A iR —FY iR
AT BRI, TR Z MY RAN B EES RIZEFR

HYTEAE KRB SRS R R EA B @R RO s K 4 MTCHLE 75 LA B & U I& BR % 47) o 1) B 22
VEFH . Bedked5 2 5@ 5k X BFANE 3 ( Cymbopogon citrates ) BL AFI % [ 25 88 h & 3 VOCs IIBFSE R, — %1y
BE R ERMBELGER A AR, L (Artemisia lavandulaefolia DC. Prodr. ) #2578 M R 5L H 7™ A 1
VOCs Z#E5 ( Echinochloa crusgalli) . =M %%} #E ( Bidens pilosa) 135 #5 ( Celosia argentea L. ) %15 A B4
Py, fHRENX 3 PR K IR AR 0k 28 KRB BT LRI R s a A FRVEA . %8 VoCs A
BEHEIE D (Paphanus sativus ) %% 5. ( Phaseolus radiatus) 85 JI\ ( Cucumis sativus ) 7125 6 H 15 ( Medicago sativa)
WEAEKEZFROEA . XEHITRR G E VOCs MHI B LR MK A K (B 3) JR(UR) %57
(E4) LR R A2 R R (3R 2) 45 RAHZEM.,

Ve VOCs 3 TR P HA W R F , FAR B ) KR B BUR ML F 45 R E A
SE4 (B S5) ,iX 5KHKFE (A, sieversiana) H {4 Y R BE ) ] - 5L (Aneurolepidium chinense ) 7 7€ #i3 Fl & 51 £ &R
BT B AR AN MBI S SRARZE R, B THCEBLRH & B A TERE  BHAS TARFETE R, AT 52 W AR 28 %7k
G BRI 5 B T B BB T BUB FIAR B AR R A0 AL S 0, ATRTRZ WA AR 3R R & LA Bx 7K 43 R 8 3= 490 o i) W Wi 5 %
1B, MHEEA B B M (A MEAR I AR K R B 2 I 3 A Y B AE S i AR R AL e 2 2 B R
R H VOCs A s AR AR IR 2 4540 1 4 (LR TR B IR A 5T o

FEHARFH AW VOCs FEE A E L FH7K LA B 5590 %5 i s 1 = P AL A ), 9 B R LM s 1Y
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Ms(TAd)

Ss(CK)

Ed(TAd)

Ac(TAd) '

5 54 E VOCs HREBL MM
Fig. 5 The effects on root structure with VOCs from damaged A. frigida

Ph: ) B33 Ca: T U s Xy« RS 5 Cs : BLERA , B R R EI 4 10 x40 £%
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YEFITERIE T, Muller 25" B33 B , (LBATHCH 2L ]V FR 1 BURAS £ R A BB AL AR . D
BRI, B RE VOCs MR FIE AR S MY K S AR P RETEA, B R EREY
BAMERRRE . 4&%H VOCs PEEFEILEYI ot 4 PR 735 R A9 £ K M LBAE R it
i VOCs Xif 4 FPHCRARER AR R T IR LA K A 5 5 1R AL B IR M, VOCs B LR P38 58 % T8 1Y
B RE T 5Y R ERT P EE A A ZAIER, AT fERE R B AL L SGB LR E TR E B R 2 —
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