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Abstract
tion, which will help us to explore the underlying mechanism of rotation effect. [ Method ] Three garlic varieties ‘ Wenjiang’ * Jingxiang” and

(College of Horticulture, Sichuan Agricultural University, Chengdu, Sichuan
[ Objective | To evaluate the effect of tobacco-garlic rotation on tobacco farming and the dynamic rhizosphere soil extract in the rota-

¢ Zhongsuan No. 1’ were introduced to tobacco field with an elevation of about 1 500 meters that have been monocropping for over 8 years. The
effect of garlic rotation on tobacco growth were evaluated and the dynamic ethanol extract from tobacco rhizosphere soil were detected by GC-
MS. [ Result]Garlic rotation significantly increased the yield and quality of tobacco. There was obvious difference in rotation effect between
different garlic varieties and ‘ Wenjiang’ garlic was the best. The garlic rotation decreased the amounts of esters but increased the number of
organic components in three garlic cultivars, which might account for the rotation effect. [ Conclusion ] The rotation effect of * Wenjiang’ garlic

in high altitude area is the best.
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Tablel The main agronomic traits and yield of tobacco

K3 Vigorous growing stage

K] Harvesting stage

R gLt M E 3| BARmMK ERnE M ZEH BoRmK EoRnbE i

Varieties Treat- Plant Stem circ- maximum Maximum Plant Stem circ- maximum Maximum Yleldz
ment height umference leaf length width height umference leaf length width kg/hm

cm cm cm cm cm cm cm cm

WIHRVLARH: Ab3 142.4+13.8a 2.9+0.2a 70.8+5.6a 35.623.0a 142.4+13.8a 3.2+0.3a 66.4x4.4a 24.4x3.1a 2779.5a

Wenjing garlic Jopn 119 7,171, 2.960.2a  64.067.0b  31.144.0b  139.741.7b  3.3:0.2a  55.4¢7.0b 18.6+4.0b 2320.5 b

before stubble

W4 o Kas WM 133.5£6.7a 2.8#0.2a 61.2+5.3a 28.8+4.5a 133.5+6.7a 3.6+0.2a 53.7+4.7a 18.6£3.5a 2715.0a

Jinxiang garlic - yopn 115 7,681 2.840.2a  58.165.0h  24.354.2b  115.746.8 b  3.260.2a 49.4s5. 1Dh 17.5¢3.7h 2443.5b

before stubble

HiFEPas 15 A0 141.5¢4.5a 2.8+40.2a 61.8+2.8a 26.622.0a 141.5+4.5a 3.3:+0.2a 61.8+2.4a 22.7+2.0a 2641.5a

Garlic No. 1 XI#8 121.4+7.8b 2.9+0.3a 57.4+4.6b 23.8+#4.3b 121.4+7.8b 3.220.3a 54.4x3.7b 18.1x3.3b 2193.0b

before stubble

VE : RIS R]/ING TR A R b B i) 25 5 {2 (P<0. 05)

Note: Different lowercases in the same column stand for significant differences at 0. 05 level
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Table 2 Phenological period and yield of garlic in high altitude region

™ S i ERAON  aorun SR REE i
ol Sowing Seedling oung Garlic The diameter Single head Yield
Varieties \ N garlic shoot h st f garlic//c eight //k Ko/ hm’

stage stage harvesting stage arvest stage of garlic//cm weig g ¢/hm
HRYTKFF Wenjiang garlic 10-20 11-30 03-20 05-15 4.95+0.43 0.031 9 300
4 % K57 Jinxiang garlic 10-20 12-10 04-15 06-20 5.11£0.49 0.039 10 530
Hi55 15 Garlic No. 1 10-20 12-05 04-05 06-10 5.53+0.51 0. 046 12 420

3 BUIFERITAFRX IS AH B HAR BR T R B AL 53 B S0

Table 3 Effect of rotation with garlic cultivar ‘ Wenjiang’ on tobacco rhizosphere soil extracts

- S
o G&%’Hafl‘ﬁﬂ /I‘EMJ}:" & TH FH Peak area//X10
Constituent R-elentn?n Similarity HEE 25
tim//min % Wenjiang garlic Control
AR 2.1 Propanoic acid, ethyl ester 3.48 86.0 38.04 b 1013.44 a
LIRS T T Isobutyl acetate 4.30 83.0 3.73 a 5.82a
TFR ZTiE Butanoic acid, ethyl ester 4.80 72.0 16.90 a 2.48b
TR Tl Acetic acid, butyl ester 5.06 83.0 1.56 b 25.04 a
BEFAIR — 2. B8 Butanedioic acid, diethyl ester 16.02 78.0 — 5.21
A H 7E R Bk Tetradecanoic acid, ethyl ester 28. 81 78.0 0.67 —
AF7E i — Tl Dibutyl phthalate 31.61 96.0 25.95 a 25.95 a
TR g Ethyl 9-hexadecenoate 31.73 90.0 4.37 a 6.15a
TR 2,18 Hexadecanoic acid, ethyl ester 32.16 95.0 19.53 a 24.82 a
WIPR £ Linoleic acid ethyl ester 35.58 98.0 — 11.15
IR 2,158 Ethyl Oleate 35.67 99.0 13.13 a 14.69 a
T#ARHR 2T Octadecanoic acid, ethyl ester 36.07 95.0 3.0l a 4.10 a
Hili /g Ethyl 9. cis. ,11. trans. -octadecadienoate 35.58 99.0 9.71 —
2-(1-¥Fed3k) £ 2,6-Dimethylpiperidine-1-thiocarboxylicacid 4.59 72.0 1. 06 —
WAz 9,12-Octadecadienoic acid (Z,7) 35.06 91.0 3.89 a 1.19 a
N-3F R FEJJLZ AR Methyl 9, 12-heptadecadienoate 35.14 87.0 0.85 —
7K Ethylbenzene 6.13 81.0 1.72 a 2.15a
4 — FK o-Xylene 6.33 90.0 1.61 —
2,4-—(1,1-—H 3 Z3) KW Phenol, 2,4-bis(1,1-dimethylethyl ) 25.20 90.0 1.36 a 1.38 a
2= H - (1, 1 - H 3 23 ) —4—H 35285 ) Phenol ,2,2'-methylenebis[ 6-(1, 1-dime-  39. 50 90.0 — 5.24
thylethyl ) -4-methyl-
y—4* {5 W5 gamma. -Sitosterol 36.52 95.0 1.36 —
(3B,25R) — M2 —5—H—3-B% Stigmast-7-en-3-ol, (3. beta. ,5. alpha. ,24S) 36. 60 88.6 8.49 —
L Cyclohexanone 6.98 99.0 5.46 b 6.71 a
1 - 325 Naphthalene, 1-methyl- 20. 65 72.0 1.42 —

TE : [T 5 AR/ NG R s A Bl 25 10 i8] 22 57 ik 2% (P<0. 05)

Note: Different lowercases in the same line stand for significant differences between treatment and control at 0. 05 level
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Table 4 Effect of rotation with garlic cultivar ‘ Jinxiang’ on tobacco rhizosphere soil extracts

S
o I ﬂﬂm *E{uﬁ : j%ﬁﬁfﬂ Peak area/{:( 10
Constituent Retenllf)n Similarity .:{ﬂ%ﬁﬁ . 25
tim//min % Wenjiang garlic Control
A2 £ 1§ Propanoic acid, ethyl ester 3.47 86 1376.83 b 1669.27 a
LIRS T T Isobutyl acetate 4.29 83 7.12 a 8.76 a
TFR T Butanoic acid, ethyl ester 4.79 91 2.65a 3.08 a
LR T Acetic acid, butyl ester 5.06 83 26.18 b 32.19 a
FEHEAR £, 15§ Hexadecanoic acid, ethyl ester 32.16 89 10.09 a 9.20 a
il G2 Mg Octadecanoic acid, ethyl ester 36.07 83 4.50 —
ARZE — H 2 — Tl Dibutyl phthalate 31.61 97 — 19.57
T 2 — Z[fi§ Butanedioic acid, diethyl ester 6.33 90 — 4.95
B R T R 20. 64 90 — 32.98
1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl ester
IR 218 Fthyl Oleate 35.58 87 — 8.88
.7 Ethylbenzene 6.13 91 2.51a 2.24 a
1,3-—HHLK Benzene, 1,3-dimethyl- 6.32 87 1.78 —
1,2,3,5-PY% 7K Benzene, 1,2,3,5-tetramethyl 13.63 90 2.01 —
BF—HZE o0-Xylene 6.33 90 — 2.35
2,4-"(1,1-"HH238) ZKf Phenol, 2,4-bis(1,1-dimethylethyl ) - 25.20 90 8.04 a 2.02b
2,2 -WHIBW 6(1,1-"H3Z 3 ) -4~ H E—JK W) Phenol ,2,2"-meth-  39.50 98 4.35 —
ylenebis[ 6-( 1,1-dimethylethyl ) -4-methyl-
-+ %% Dodecane 11.73 86 4. 11 —
(1E) —+ DU (#k ) Tetracosane 24. 36 72 0.51 —
—+—J¢ Heneicosane 27.81 78 1.26 —
2 =A%+ 4% 2-Bromo dodecane 24.92 72 1.43 —
N-V FRFLJLZ R Methyl 9, 12-heptadecadienoate 35.08 91 3.63 —
Hili iR Ethyl 9. cis. ,11. trans. -octadecadienoate 35.58 87 3.63 —
Tz Oleic Acid 35.67 93 7.90 —
y=4* § . gamma. -Sitosterol 36. 36 93 5.39b 7.60 a
B-4* S . beta. -Sitosterol 36.52 95 10.03 a 10.13 a
W2 Chondrillasterol 37.76 84 2.62 —
2L Cyclohexanone 6.97 87 6.63 a 7.57 a
2-H %25 Naphthalene, 2-methyl 16.02 78 — 1.51
1-FI 25 Naphthalene, 1-methyl 20. 65 91 1.50 —
& [l Benzenemethanamine 31.61 91 — 2.84

VE R T RO G AN R /INE SR FoR A B 5 258 1 0 R )22 57 1 25 (P<0. 05)

Note: Different lowercases in the same line stand for significant differences between treatment and control at 0. 05 level
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Table 5 Effect of rotation with garlic cultivar ‘ Zhongsuan No. 1’ on tobacco rhizosphere soil extracts

S
RS AR ] AR : j%ﬁﬁ% Peak area//x10
Constituent R‘eteml(‘)n Similarity = 25
tim//min % Wenjiang garlic Control
A2 Z.1ig Propanoic acid, ethyl ester 3.47 86 1763.54 b 1873.33 a
LR T T Isobutyl acetate 4.29 83 8.72a 9.15a
L2 21§ Butanoic acid, ethyl ester 4.79 86 3.17 a 3.05a
BEFARR — £ JiF Butanedioic acid, diethyl ester 16.01 78 3.69 —
LR T Acetic acid, butyl ester 5.05 83 30.27 a 34.14 a
13— 3~ DU R 2B Ethyl 13-methyl-tetradecanoate 29. 69 92 — 1.32
2 — W2 — T Mg Dibutyl phthalate 31.61 97 27.08 b 39.10 a
9—+/\HRMHR £ i Ethyl 9-hexadecenoate 31.94 92 — 5.54
FEHEIAR £, 1§ Hexadecanoic acid, ethyl ester 32.16 97 11.20 —
IR 2.k Ethyl Oleate 35.67 91 — 23.15
ViR . Tig Linoleic acid ethyl ester 35.57 929 21.12 a 16.78 b
FERE R n-Hexadecanoic acid 31.42 99 46.37 —
W3R 9, 12-Octadecadienoic acid (Z,7)- 35.08 81 200.34 a 7.32b
WJFRAR 9,12, 15-Octadecatrienoic acid, (Z,7Z,7)- 35.17 99 96. 41 —
iz Octadecanoic acid 35.51 91 21.50 —
BB HH K 0-Xylene 6.33 93 2.24 a 2.24 a
2,4 (1, 1-ZHFE L 3) 2R 25.20 93 2.98 a 3.25a
Phenol, 2,4-bis( 1, 1-dimethylethyl) -
' {#§ i Stigmasterol 37.67 93 10.55 a 14.71 a
B-%+ 8§ ¥ beta. -Sitosterol 36. 50 89 22.30 b 59.67 a
L Cyclohexanone 6.97 87 6.45 a 9.81 a
LR+ =%t Ethyl tridecanoate 32.15 93 — 13.68
RIR 2-2,3-[2.2. 1] Bk Bicyclo[ 2. 2. 1 ] heptane, 2-ethyl- 35.37 83 13.29 —
1—H 3 2% Naphthalene, 1-methyl- 20. 64 87 1.61 —

T [ T8 5 AN NE B R AR L5 25 11 0 B8] 22 57 ik % (P<0. 05)

Note: Different lowercases in the same line stand for significant differences between treatment and control at 0. 05 level
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Fig.1 Comparison of crude organic constituents extracted from the rhizosphere soil of tobacco seedlings under different rotation patterns of

garlic varieties

3 HAig5ifie

RTFERVS T AN RIS ANTR] o B RGRR T e TR AT X
FAFRON Y 28 S AR AR 25 o WFFE R, AR e 112
I SR TR KRR ORAR A RE BT R AR Y
AFHRR T . FRMUKRE i T2 & W1 S 0 M oh g, 103
LT SR LA TRR AR A , AR IR B B v A4 H
B ARARRAHE Y RRR AL, 28 U5 28045 i, BB S LA 4F
AR ZRIR LU T 3 PO R R it i 5 0 S A A 1Y
MR, SRR, 3 NI i R RS AERO B B X5
R OBIFFE S SFARAE o 3 AR b Al I TR i
B/ R i o, 2 SRR X 0 22 BT 5 46 2 s Ml P g 1
SIS R MErs , EEARACTT AL 45 RR W], BT s i 1R
R 3 o X AT RESE i T EAR R e ) KN S5 1E T
TR VTR R AR Mt Sk /N AR EE R, o AR A A i R 28K
Rlchf o SIO0 ASBPORK AT, th TAFRBAL, K
FRA AN, A s P ) A RS S 2 AR
PHER 20~40 do T ARRRARNS HoAtl 2 A fl Bl A 7 01800
BEAE TR 200 d ZcAy  WIAFRE S AR S BLAR AT . 255 HUAR,
N B e TR RO DX AR e A

HTFEEE R, A v AR P A B S A AL N TR
%, N HAE 80% LA by HERON A HLIR K . WK S 1
PE R B SR I rh A I R R A LR, i e 7 0]
N ZFR(54.13%) (A TLERR (63. 65%) KRR (22. 43%) o
TLk S T AR R NI, R IR TE | v B4
S v S e R Y D R S, 23 R 47.75% . 69. 09%

47.17% b i m S R — IR — TR . ARIPFRSs R
ZE AR, 31X 595 R A A 7 3 A KR LA AR 2R 5 i)
A AR Ty ORI 5 A 06 TRLBE R 43 55 1 55 A T A B
AR RES IR 2R 20 I 4L S B L RS DA AR B
A0 PR B B33 A B T R AR B A D R A I
TP o A A T S IR 58 4 2 K MR AR 2R 40
W1 AR 3 AT KGR VRN 25 A2 il B A J 22
XL 3 PR GREE AR AL H T AR B AR b A SR A LA 4y
MBS, AL S B I A B a2 4 53 85t R )
AT RESE R FREE VR RN 1 3 fb 2 Bt . A HL4L 73 264k
A A0 R R A R A A IR, A R 1 e R A TR
W ST, AR RS = AR A 98 4 P R 2 TR AR
T IR A, 0 FL R A B0 TR | A B 2 55 0% b - R 0 1 AT 45
B o TR R 2R WA LA AR B (RS AR R )
MRISEDTRE CRIAT D i o Ba28 Fib, ]
RE/ I AR R A W H B E . N TS IR R 43
WA B L 0 AL AR R T g, BRAIRAR R X NO, T
PO,™ K" Ay, 36 9 5 B9 A K, KRS VEAE b it the ) R
HEAERR R T TR —" N ALK |
WIZEHE 2 DT A TR SE o ZESERI I GC/MS il 48 E b
M EARPR EH B A DL, o — > BRI D i R4
YRR ) IR A2 5Ly, R — 2P i — 2P M A LA 5y

HRFFRAFRDI KR
(F#% 201 |)



47 % 1 3

MLAF  EREAAEERRILAA 201

MY BOHRBGEEE T,) D (7 S BR G4 ) | C (HEHU ]
t,) A(NaOH W0 5 Tl E i E ) 260 A,B,C,D, .
PRI, T AR B0 AR 3 1 Joe T 245 AR G A v, 40
FEHUE N 500 1/ min; 2 27 4k 2 bRad R P BRELS g REFERD
A, NaOH 85 L5380k 9% ARBGREE T, 2 60 °C 25Ut
] £, 7 120 min 4724 Pk ML T 5 A 28 6 Bt A2 v, BRI
WA TR, AR 1.5 ¢, KSR 10 mL,
PEEUELRE T, 2 70 °C 2B ] ¢, &y 60 min, 4 7= Pk it
FARRNLF4EE

2.3 WEIREE RS LA b IEsSIR A B A T A,
BT 3R, S5 L, IR AR SRR
B P TTk 81.45%  f T 5k 82.29%

2.4 LIS MERHS PR A MER LSS (B 9) i E
U1 731,78 em™! AbEIRIIGRAE S AT R SR dE R A
SEMBRIAPLE RS s AT 2 R AE R Ay 1 515,81 em ™' 548
A Ak BT T W AR L0 2T JEURE D B 1 162. 83 Al
1426.74 em™ LIRS 8 1 162,48 Fi1 1 432.95 em™ 4

JELT 2 AU AE SO , D IH 20 A PR 1 4 R I S5 A AR
WA KA, B, 2 B, BRI PR R 52
YR E B IEAR B, 58 T ai i m Lk &,
100¢
1 432 95
_ 80t ) l 162, 48
Mﬁi\% ol /F\/\ T
¥ =
" % 40r 1 731 78/)‘{ /N\\wﬁ%
400 15158171 426./74 %62_ 8
4 00 3000 2000 1000 0
£ 4

Wave number I/ cor’
B9 asstikE
Fig.9 FTIR spectra
3 @i

A0 B PA R U R, 3 i TR S i A A 3

HUCE KR FE PG R B TSR ARBGE R b, Bt
BREEHy 500 v/ min PEFAER BIRRA AR B BRI S g FEFFRIR,
NaOH S TR 996 BUIRE T, 1 60 C SRR
t, 24 120 min 477 Py PE S ME T A BT R e BRad FE v, BB A
PR AT AR RN 1.5 g, BRIl 10 mLL, $i2
HAIE T, J370 C LI 1) 60 min i =Bk
R YER EEKE%@EI@##FT PRI 7= Ah T e R &
e, ATk 81, 45% , 5 AT ik 82.29%, ﬁﬁHNUMJ\
WT?’,{%#%%?*MUE? CHEAR LR, %25
R ERFEFFLF YR i 2E P S PR 4R 5
S 30k
(1] AR S ENREHA IR EFE LT ], 2l fly:,2012,40(32) «
15853-15855.
(2] SRR, A, W/, 5. /NP AT BRI T 2 oe LT .
AANLESL,2016,35(2) :11-14.
[3] Eate, RS0, SR K, 5. ABRAHPR I T4 RATAE O TIAL T T2 0%
LERAIGRL) ] HHELHE RIS, 2017 ,45(8) :37-40.
[4] EBYE TRFAOREFHEFARE AL D] BEnT: mEntbhll
= .2017.
[5] XIHEK. FRFEFFRAF4E R D]. 57 57& Tl ke, 2016.
[6] SUN J X,SUN X F,ZHAO H,et al. Isolation and characterization of cellu-
lose from sugarcane bagasse[ J ]. Polymer degradation & stability,2004,84
(2):331-339.
(7] Ehi, X, Tz 4l & @ R PRI T RIS AT 4R ) T2
ARl ]. 22l Rl 2013,41(34) 11338713389,
[8] ZE0, JE M TH i, . FAE AT RN A R 5 AR R
il 2T T ] AR, 2010,26(22) :350-354.
[9] Tzt AR, XGaE , 6. REFFAT R B A e [T 1.
IR ,2013,29(20) £ 130-134.
[10] Z=PHRY, A, SXUSZAL. MR AL RSP A SR T2 [T ). &2
BefallRl,2011,39(30) - 18781-18783, 18820,
0] JEROAL, AR R L. #%ﬁﬂﬁri’@?mﬁiﬁﬁmﬁ)ﬁ[l IBPNE S
4% ,2016,38(4) :34-37.
[12] P8, B, Fe R —FillEAF4E R & 7R
BEEITHREL,2002(3) 241,46,
[13] MM, s, i R e T4 3 L1 ]. AR5t 2011, 22
(4) :52-55,71.
[ 14] HEHHES 4R, B H , 55, BT TORTEFF A4 R 50 52 )
[J].f/{ii%ﬁ}%%ﬁ{?ﬁ,ZOD 35(6) :27-31.
[15] GASTALDI G,CAPRETTI G,FOCHER B, et al. Characterization and pro-
prieties of cellulose isolated from the Crambe abyssinica hull[ ] ]. Industri-
al crops & products,1998,8(3) :205-218.
[16] PNBEEe, Tt WA, FEFFET4E A — P TR BRIk L) ). &
AR, 2010,31(9) :1901-1904.

S

(L% 145 W)
2%k

(1] FRKER, R, B AE, 5. K04 1 + BRER S rh O B S IR F- P o 4k
[J]. FRERRETS4R,2009,15(6) :81-84.
- AR R

[2] Skete, FREH, BRAKN, S MRS T R[]
= 2011,32(3) :95-99.
[3] Tl el AHAEEE, 55 RRIFMEARES IR ER - R  +3
FeARIR R g R I . PERER 4R, 2016,29( 10) :2300~2306.
[4] [5E! TR, ZEET, Sk, . MmRe B 5B e T IR E 2 B R
K[ J]. +192,2016,48(4) :698—-704.
[5] PHITOR, Z50E5T, TKE5I, 55 INFREEVE S BER TR M EIR B S IR
FEEINA ] ]. AR, 2015,29(5) :980-985.
(6] B, 7T, B R, S5, B IRES 1 BB M P i e [ ) .
PERGAR 244, 2004,17(S1) :267-271.
(7] S, MR, MO AR AN T M- - B
ATt SR ]. a5, 2014,38(3) :298-310.
[8] ABPHA:, EE . KB B~ 3R p e ) . Ers
e 5AmEISAE 2010, 16(4) :840-845.
[9] mﬁkﬁk Toxvk, skt , S5 BEIIR A i 53 B8 S Mot 188
FysEmaL) ], AR, 2012,33(3) :87-91.

[10] T2=pk, HERH, S0k, . ISR 2 54 GC-MS fail[ J]. A
[EIHEI 4 ,2013,19(4) :64-72.

[11] P, Sidte, BEa, 55 BV E SZEMER I RPR 3R A L2H 7
P 5% e T ], PERERR,2011,32(6) :67-71.

[12] DA, *Eﬂm S, S5 BRI B IR B A K AN 4y
Usdviisi-Zln B ffﬁ%ﬁ?ﬁtﬁﬁﬂﬁﬁ 2007,13(3) :458-463.

[13] F5ets, Mhiiee AL, % Kashais s e R R st () . vg
jEMﬂa 2003 12(4) 151-156.

[14] FEER R, P75 4. KE R RS IR PRI R LT ]. JHE
Rl ,2010(4) :59-64.

[15] TE05E, X8 RS AN EVERS VEXS I M A= K 7 2 o B S i)
[J]. #ESH5%,2007(6) :30-31.

[16] JEHOIN, FEAE, S, KRrtR 2 it R IR AR S LR

FALT ). R FAEZ24R,2007,18(1) :81-86.

[17] JEHERN, T4, a0, 55 KER A ER T . RS
2243 2011,22(5) :1368-1372.

[18] =fkiik. JEHIR A IR e 50T [ D] dbat: R ERAL Rl
f52,2012.

[19] XIHBES, 218, 25xiliA, 5. SR A S IIEDER ISP T I e e HowS
TR A s T ] s R ‘%Hlﬂﬂﬂ& 2016,22(2) :418-428.




