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Control effects of alternative species and herbicides on
Ageratina adenophora and their interaction
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Abstract: [ Aim] To explore the ecological management of Ageratina adenophora through combinations of alternative species and
herbicide applications. [ Method] The control effects of competitive species ( such as Sorghum bicolorxS. sudanense, Pennisetum
squamulatum , and Lolium perenne) and herbicides (such as aminopyralid, triclopyr, fluroxypyr, and clopyralid) on A. adenophora
and their interaction effects were determined using competition experiments. Three ratios of these competitive species and the inva-
sive species were utilized (1: 1,3 :1,5: 1) in a complete randomized design with 4 replicates. [ Result] The competitive bal-
ance index of S. bicolorxS. sudanense, P. squamulatum and L. perenne was greater than zero for most ratios, except for the 1 : 1 ratio
of L. perenne and A. adenophora. Plant height, branch, root shoot ratio, and leaf area ratio of A. adenophora were significantly re-
duced with increasing proportions of the three alternative species. The replacement control effects of S. bicolorxS. sudanense, P.
squamulatum and L. perenne on A. adenophora were 55.1% , 46.9% and 40.3% at the highest ratio of three alternative species : A.
adenophora (5 : 1), respectively. Toxicily test showed that among the four herbicides analyzed, the clopyralid had the highest bio-
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activity (LCg=902.1 g - hm™) in A. adenophora. However, triclopyr had higher safety to three alternative species, with the selec-

tivity index of 3.75, 2.79 and 2.67 to S. bicolorXS. sudanense, P. squamulatum, and L. perenne, respectively. For a ratio of S. bicol-

orXS. sudanense and P. squamulatum to A. adenophora of 3 : 1 plus triclopyr and clopyralid application, P. squamulatum showed an

antagonistic effect with clopyralid and an additive effect with triclopyr. S. bicolorxS. sudanense had an additive effect with clopyralid

and synergistic effect with triclopyr, respectively. Compared to triclopyr application alone over 90% of the control rate, the use dos-

age of triclopyr was reduced by 20.0%-35.0% (i.e., 210.0-370.0 g - hm™>) when S. bicolorxS. sudanense and triclopyr combina-

tion. [ Conclusion] These results suggest that alternative species competition and herbicide combinations can achieve a more secure

sustainable, and long-term control of A. adenophora.

Key words: Ageratina adenophora; replacement control; herbicide application; interaction effect; comprehensive control
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Table 1 Alternative species and herbicide treatment and dosage

AR ) sl o 17 FH I 5 IR = v G I AR PHAR 8 R 45 & B F 300 1
Alternative control or alone S. bicolorXS. sudanense P. squamulatum
herbicide application herbicide combination herbicide combination
I =% I =% I =%
U L I i e LS e P
Series A e K i Series B . i Series C . i
FF) Alternative . B . Io 051 o
X Herbicide . Herbicide . Herbicide
species or Herbicide Herbicide
herbicid dosage/ dosage/ dosage/
erbicide (g-hm_z) (g-hm_z) (g-hm-z)
1 5 0 1 6] A ZZIALTE 1 1 - -
S. bicolorXS. sudanense Same as series A treatment 1
2 PR 0 2 - - 2 7] A AL 2
P. squamulatum Same as series A treatment 2
A3 = Z L4 £ 2 Triclopyr 530.0 || B3 Z A LR Triclopyr  530.0 C3 Z A LR Triclopyr  530.0
A4 ZHAME LR Triclopyr 690.0 | B4 ZHAME LR Triclopyr  690.0 C4 =HMHE LR Triclopyr  690.0
A5 ZE A TR Triclopyr 850.0 B5 AN LR Triclopyr 850.0 C5 ZEAMAE R Triclopyr 850.0
A6 =M L BR Triclopyr  1060.0 || B6 =AM LER Triclopyr  1060.0 C6 =AM LER Triclopyr  1060.0
A7 A MEBERR Clopyralid 450.0 || B7 TAAMERERR Clopyralid 450.0 c7 TAAMERERR Clopyralid 450.0
A8 TAIERERR Clopyralid 585.0 || B8 ZSAMERERR Clopyralid 585.0 C8 ZSAMEWERR Clopyralid 585.0
A9 T E R Clopyralid 720.0 B9 A BERR Clopyralid 720.0 c9 AN I 1R Clopyralid 720.0
Al0 A E AR Clopyralid 900.0 B10 A rERR Clopyralid 900.0 C10 A rERR Clopyralid 900.0
CK 0 0 CK [l A #51 CK Zb7 CK [l A &5 CK Zb3
Same as series A treatment CK Same as series A treatment CK

AL BT FH e P B AR B A ) B 2R 2 R LU S AR 3 ¢ 1 BB LR R
For each treatment, P. squamulatum or S. bicolorxS. sudanense was used to replace the control of A. adenophora, and they were sown at a density

ratio of 3 : 1 between the replacement species and the invasive species.
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Table 2 Competition and replacement control effects of different alternative species on A. adenophora

X828 22 A5 G/ Competitive effect on A. adenophora

o R Single R L Mined HIAT = R g o
b3 &E.tb yield/ (g « #&7") yield/ (g« #&7") Relative yield AR Jky R
Treatment Density J=¥:i| R Control
o BEIURE  ABF B(UH ARFR BUH ARF g COMPEtve offect
Alternative Invade  Alternative Invade  Alternative Invade vield total balance /%
species  species species  species species  species ’ index
[CRERIURE =¥ = 1:1 993 13.61 6.22 9.01 0.67c  0.66a 0.66b 0.00d 33.84
S. bicolorXS. sudanense : 3:1 9.92 13.61 15.87 7.68 1.60a 0.56b 1.08a 1.04b 43.6bc
A. adenophora 5:1 9.74 13.61 17.19 6.11 1.76a 0.45¢ 1.11a 1.37a 55.1a
RAEHL SRR 1:1 598 13.61 3.05 9.85 0.51d  0.72a 0.62b -0.35¢ 27.6e
L. perenne : A. adenophora 3 :1 5.73 13.61 3.88 9.18 0.68¢ 0.67a 0.68b 0.00d 32.5d
5:1 5.65 13.61 7.93 8.12 1.40b 0.60b 1.00a 0.86¢ 40.3¢
FEPREE + HE2EFE 1:1  7.64 13.61 5.21 9.26 0.68c  0.68a 0.68b 0.00d 32.0d
P. squamulatum : 3:1 7.33 13.61 10.86 8.02 1.48b 0.59b 1.04a 0.92be 41.1¢
A. adenophora 5:1 7.31 13.61 11.62 7.23 1.59a 0.53¢ 1.06a 1.10b 46.9b

91 AR R B 7 £ 0.05 K 125 54

Different letters within the same column signify significant differences at P<0.05.
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Fig.1 Morphological characteristics of A. adenophora under different alternative species and density ratios
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(AbHE A7~ A10) B3935 h46.4% . 58.3% . 71.9%
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HAE A (R 4) IHEE R 3
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FH S IERR (Lb3E C7 ~ C10) , U F 30 R+ i/
[(E-E,)<(£5%) ], #E—25xf PR e g il 45

G =M SR R IR G 5 B (403 B3 ~B6)
SR A Z R 690.0 ~ 850.0 g - hm i}, Bi&H
90.6% ~95.4% ; 5 HL4M W FH = Ak S LR 1060.0 g
« hm 2(ARHE A6) KL, AT U I % B 210.0
~370.0 g - hm (k%) 20.0% ~35.0%) .,
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Table 3 Control effects of different herbicides on alternative species and A. adenophora

P =R A PR B R
M A A. adenophora S. bicolorxS. sudanense L. perenne P. squamulatum
sy it T £
FR% 57 Herbicide Mu'fﬁples Dosage fitf o N fief i 2 fitf 7 i 2% fif o N
/(g+hm?) Weight/ Inhibitory Weight/  Inhibitory Weight/  Inhibitory Weight/  Inhibitory
(g-m™2) rae/% (g+-m™?) rae/% (g+m?) rae/% (g-m™2) rae/%
=HAME R 0.50 450 44.5 70.3 198.6 0.0 114.6 0.0 146.9 0.0
Triclopyr 0.75 675 30.1 79.9 198.6 0.0 114.0 0.5 146.3 0.4
1.00 900 21.6 85.6 197.5 1.1 112.8 1.6 145.0 1.3
1.25 1125 10.2 93.2 197.0 1.6 111.8 2.4 143.7 2.2
1.50 1350 4.3 97.1 196.3 2.3 110.1 3.9 141.5 3.7
AN IE R 0.50 600 29.1 80.6 195.1 3.5 109.9 4.1 141.6 3.6
Aminopyralid 0.75 900 14.8 90.1 193.2 5.4 107.5 6.2 139.3 5.2
1.00 1200 7.3 95.1 186.8 11.8 104.9 8.5 136.0 7.4
1.25 1500 2.5 98.3 184.7 13.9 97.9 14.6 129.0 12.2
1.50 1800 0.0 100.0 178.4 20.2 85.4 25.5 113.6 22.7
ST A L TR 0.50 250 97.7 34.8 198.6 0.0 114.6 0.0 146.9 0.0
Fluroxypyr 0.75 375 89.7 40.1 198.6 0.0 114.0 0.5 146.5 0.3
1.00 500 78.0 47.9 197.2 1.4 112.5 1.8 144.7 1.5
1.25 625 67.0 55.3 195.8 2.8 111.0 3.1 142.6 2.9
1.50 750 55.0 63.3 195.1 3.5 109.2 4.7 141.5 3.7
A ERR 0.50 150 115.5 22.9 198.6 0.0 114.6 0.0 146.9 0.0
Clopyralid 0.75 225 104.6 30.2 198.4 0.2 114.3 0.3 146.9 0.0
1.00 300 97.1 35.2 198.0 0.6 112.8 1.6 145.7 0.8
1.25 375 87.9 41.3 197.3 1.3 111.7 2.5 144.8 1.4
1.50 450 73.6 50.9 195.4 3.2 110.1 3.9 143.1 2.6
Xt HE CK - 0 149.8 0.0 198.6 0.0 114.6 0.0 146.9 0.0
*4 BEFMFAREVOHSHEEFE
Table 4 Regression equation of herbicide toxicity to different plants
M Fh 25 ElnlEyiy LGy LCyy PEPEPEFR AL
Test species Herbicides Toxicity regression equation /(g-hm?2) /(g-+hm?) Selectivity index
BRI = F L5 LR Triclopyr y=0.0297x+58.46 (R*>=0.9818) - 1062.0 -
A. adenophora FEMEIERR Aminopyralid y=0.0157x+74.02 (R*=0.9072) - 1017.8 -
S LR Fluroxypyr y=0.0578x+19.40 (R*>=0.9955) - 1221.5 -
TEANMEBERR Clopyralid y=0.0895x+9.26 ( R*=0.9875) - 902.1 -
[SPaR ZHAME LR Triclopyr y=0.0280x—1.48 (R?=0.9468) 3978.6 - 3.75
S. bicolorXS. sudanense TSN E iR Aminopyralid Y=0.0140x-5.80 (R2 =0.9684) 1128.7 - 1.11
S LR Fluroxypyr y=0.0780x-2.38 (R>=0.9423) 1587.2 - 1.30
THAMBERR Clopyralid y=0.0100x—1.94 (R>=0.8381) 1194.0 - 1.32
RA R ZHAME LR Triclopyr y=0.0043x-2.20 (R?>=0.9732) 2837.2 - 2.67
L. perenne TSN E iR Aminopyralid ¥=0.0171x-8.70 (R2 =0.8824) 1096.6 - 1.08
ST LR Fluroxypyr y=0.0096x-2.78 (R>=0.9679) 927.8 - 1.03
TSAMEBERR Clopyralid y=0.0133x-2.34 (R>=0.9368) 1331.3 - 1.09
AEMIR B R = NEA 2R Triclopyr y=0.0410x-2.16 (R?=0.9588) 2965.9 - 2.79
P. squamulatum FFEMBERR Aminopyralid y=0.0151x—7.86 (R*=0.8633) 1182.8 - 1.16
SIS Z 1R Fluroxypyr »=0.0080x—2.32 (R?=0.9682) 1540.0 - 1.26
ZSAMEBERR Clopyralid y=0.0088x—1.68 (R*=0.9167) 1327.3 - 1.47
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Table 5 Interaction effect of alternative species and herbicide application on A. adenophora

I ) b 3

Horbicide totment A BRIV AR B %fﬂ%‘ﬂﬁ’?ﬁﬁ C RIHEMR R AR
and its dosage Unreplacement control Replacement of S. bicolorXS. sudanense Replacement of P. squamulatum

BREH WS R o T Bi &k fif e SIBRBiR FIRBEAL HAE s SEBRBEAL PRRBEAL  EAE

Herbicides  No.  Dosage Weight Control Weight  Actual Theoretical A Weight  Actual Theoretical &V,
/(g /(g effect /(g control control  Interac- /(g control control  Interac-
« hm™2 ) «m? ) /% em~2 ) effect/% effect/%  tion/% m~2 ) effect/ % effect/%  tion/%

- 1 0.0 - - 495.1 40.2 - - - - - -

- 2 0.0 - - - - - - 515.8 37.7 - -
=FtEs 3 530.0 262.4 68.3 109.9 86.7* 81.0 >5% 155.6 81.2 80.3* +5%
2 Triclopyr 4 690.0 225.2 72.8 77.6 90.6" 83.7 >5% 127.5 84.6 83.1" +5%
5 850.0 164.8 80.1 37.9 95.4* 88.1 >5% 82.0 90.1 87.6" +5%
6 1060.0 91.1 89.0 22.2 97.3" 93.4 +5% 47.2 94.3 93.1" +5%
ZENLER 7 450.0 443.8 46.4 261.4 68.4* 67.9 +5% 245.9 70.3 66.6~ <5%
Clopyralid 8 585.0 345.2 58.3 182.8 77.9* 75.1 +5% 191.2 76.9 74.0” <5%
9 720.0 232.6 71.9 121.5 85.3" 83.2 +5% 127.5 84.6 82.57 <5%
10 900.0 95.2 88.5 67.7 91.8" 93.1 +5% 68.7 91.7 92.8~ <5%

CK CK 0.0 827.9 0.0 - - - - - X 7 -

=G A TR SR I TR ) P 33 PR HE LCoo 11 1062.0 1 902.1 g+ hm ™2 H 50% .65% 80% F1 1009% 314 i #3230 7K - 1y T 265 4
T MESLBRPT AL (E) - BB PR (Ey) > <8 T 5% B DL, SEAN 980 S HTasomse/E i, R I BT - 8 Bl
The dosages of triclopyr and clopyralid were calculated according to their LCy, values of 1062.0 and 50%, 65%, 80% and 100% of 902.1 g -

hm™2, respectively. According to the actual control effect (E)—the theoretical control effect (E;)>, < or between +5%, the synergism, antagonism

or additive effects were evaluated and marked as *, ~or *, respectively.
3 itie el 7R W B | BT AR I =S S )

SR AR B 2 v X6 b ] 5 44 FH A A
FEIERH T RS, — B2 AR AR B 2R
B WSS I RA L5 o (8 A AR SN E )
o S it A A AE T S %o i R A AR A ) S it ¢ 2, 9 4
RS, IR I OB 2 AR 38
VEFIRPRAN T e AR . B9 3R WY, 0 A v
LA PR BN 21 8] Ageratum conyzoides L. A 3¢
B A (2= B A5 55, 2012) 5 £1 % Ipomoea batatas
(L.) Lam.7E%% H 2§ Mikania micrantha Kunth 271
WA ARG R AR HRIBOR S H 3 e E R
IRk i I RN E R A Y R AR 2 B
FAMWE (N A4, 2012) 5 SRR 22 S AR S e B
RFPSAFT SRR R KA AR SR AR A
Yy LSRRI s/ R AR DI B2 B T 52 4 g
TR (O RIMAE ) 2014) s TER BT AR
TSR B A A T R AR, vl LA 2% 250 22
FRERSC A 1 | FRAIR 5 2505 22 pO AR LU (VR 88
5%,2015) ; @B 5 Paspalum notatum Flugge %} 4825
PEE T AR Y DA i i R A AR
T 5 BE AR Y DI B 0 A0 400 ) A B9 VR T (O 2
WAE,2011) BB E IR AL B 75 Medicago sativa L.
5 ZERE 2 LA B T AN Lo 1 T ORI 55 25

RS B TE ek (T 5855 ,2009) , XSR5SR IR
BRI A Y2 AR ] W B — AR
MWRSEPE 2R B3, A5 E RER], R A
L ARNAR R RN S PR 5 R R L R
AR RISCR A S MY 5 4 AR C T B
S BRSO B 1
PRI SRR LA 1 1 W TR
REET  (HSE PRI B RN T ZAE HIZA
R GE S + 1 rREARCEAR,

HPRAG ) 0 A AT BV S R A i A
120 B FE AR ( Lambers & Poorter,1992) | #h % A
TRAEYIE AR M A 85532 2] A Wyl Al AR I 1Y
JoR A A I A TR A | AR LR A 3 s 45 T R
T b R RE | DL R 558 iy ok 1 s T T 4E 4 A A
(REBRET AU E =, 2020) . Wk H 44 76 32 5+
LY /IS 1SN NIWRS EE N R N oS S (2R 81 | B 5
ST A R B (IR AT 2R SE, 2011) . ABFTE K
U = SE P (o K U i P A W
JER IR Hobk s 20 e L T T AR b 5 45 20
T bR 32 B ZU R H AT S MAI ; 7 38 A D055
MARER 1 1 FIREERI T, &R AR 5 H
B AR R Y 22 S N R LRI O A PR AE X R, 4 R
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HETERAE . BB 5 B 0 X 58 205 22 iR B8 B HL AR R,

. 343 -

E— R AR E B L2 R YT 1
Joipif , FLe Y ] 9P BB 75 6 B ) 5 4 v 2R A7
A AN E SHPS

LA A E B R 1 B, RS R K
A RUBR BRI AT VR A I 58 0 25 22 S R AR
TR BT B, XS4 (2013) BFFE R, fiT 1
R+ R i L+ R R ) B8 ) i ot
EEEFE PR SR SRR &, ROCESE
(2013) PYRIFSE F B, R FH A g Tk 0 g | Y i il o4 S
ILBEA R L2522 T AL 45 1 | 38 REAR S st 42 i
R, I BHAE(2012) BIRIFSE R B, 24 S e
PR R EE R ) SR 255 22 AT 249% S S E 1R H 2K
3000~ 6000 g + hm™ B, 825 >4 5 KRN 0~
8.5% ., TLARSF(2011) NN ,41% 5 H B A ek K
. 50% i H Jile ] R 0 58 25 24 B B TR AR
BEAF . R, R0 I S By 4 58 2R 24 114 B 7
i HA SR T R A R W R R TR R
22 AR VR B 45 H o [R] S p T I 5 )
VERRIEZE , #E  FH rhodE LR B At A /A8 4 1Y)
255 R AR R AR AR A A 1 2 A e g
o fef WARGE . AR R T A MR R &t
WEMR | ST 480 £ TR | 2 SR WE TR X 48 2515 24 (1) B
TR BRI, [ AT 1 AS [ A b i
PEFREL, K = SR R S5 — E e R AN U 4%
ZEVE L BT IS M (LG, (E 239k 1062.0 Al
902.1 g + hm™) , [A] B Xof e B A P AR 2 2 1Y) 2
S PE R, WA X 2 4 Y = S AR £ R X R
i CAEPIR R R A B P B o R B13.75
2.79 F12.67,

25 LTI A B g Ak A P R R X 5%
SRV L B T RSOR B B 5T, i — DR SR
REEH 5422 BRI A BRZE A T SEEL ARG %, 1)
TAE = PR A i SR 25 22 I Al b, T b =
AR BRI 210.0~370.0 g - hm ™2, 5 K%
AR T v B P 2% 5% R 590 38 0 AH 7] 90% 77 5% 7
FHAEAH FE it 20.0% ~35.0% , X EEAF 5% 45 5k ]
BRI RO O AR PR R i —
PR TR
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