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Abstract: As a newly invasive species in Tibet, Tagetes minuta’s damage is beginning to appear.
However, there are few studies on its invasion mechanism in China. In order to explore the
biomass and it’s allocation characteristics of population modules of T. minuta in heterogeneous
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habitats, and to further understand its survival strategies and invasive habitats, this study
determined and analyzed the biomass characteristics and calculated the index value of phenotypic
plasticity of the population modules in the flowering and fruiting stages of the T. minuta in five
typical invasive habitats, including vegetable garden, orchard, roadside, wasteland and river beach.
The results were as follows: (1) The basic law of biomass of module in T. minuta population was
stem > flower and fruit > leaf > root. The biomass of each module was the largest in the roadside
and the smallest in the vegetable garden, and there were significant differences between these two
habitats (P < 0.05). (2) The Coefficient of variation-total (CV) and Phenotypic plasticity index (P1),
based on maximum and minimum means of each module were 46.93% and 61.44%, respectively.
(3)The relationship between biomass ratio of reproductive module and nutrient module of T.
minuta was wasteland > roadside > orchard > riverside > vegetable garden; and the root-shoot
ratio was vegetable garden > wasteland > riverside > roadside > orchard. (4) There were
significant positive correlation between biomass of different modules, between biomass of
different modules and total biomass, showed its ensemble and consistent strategy of survival. The
above results indicated that T. minuta can be adapted to heterogeneous habitats by adjusting the
biomass of each module, and thus had a strong phenotypic plasticity. High reproductive output
and adaptability to heterogeneous environment may be the important reasons for its successful
invasion.

Key words: invasive plant, Tagetes minuta, different habitats, population module, biomass
allocation, Tibet
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Table 1 Habitat characteristics of the studied site
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Note: I. Vegetable garden; 1. Orchard; 111. Roadside; 1V. Wasteland; V. Riverside. The same below.
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Table 2 Module biomass of Tagetes minuta populations in five habitats

AR WA & B}y A TER Wy SRR
Habitat Root biomass  Stem biomass Leaf biomass Flower and fruit Whole plant
type (@) (@) (@) biomass (g) biomass (g)
| 0.18 +0.06 ¢ 0.47 £0.21¢ 0.48 +0.20 ¢ 0.25+0.11¢ 1.38+0.57¢c

1l 222 +0.60bc 11.244295b 3.49+1.53hc 5.72 £2.14 bc 22.67 £7.21 bc

11 6.64 £0.20 a 279+292a 1159+224a 18.36 +4.59 a 64.48 +9.37 a

v 3.33+157b 1093+537b 570+3.05b 8.44 +3.86 b 28.41 +13.81b
\Y/ 0.48 £0.47 ¢ 1.88+1.80¢c 1.08 £0.92 ¢ 0.96 +1.04 ¢ 4.40x4.22c

E: FSIAR/NG FREORFESH R 2 R 2% (P<0.05) . N,
Note: Different small letters in the same column meant significant difference among treatments(P<0.05). The same
below.
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Table 3 Module biomass”’ s allocation of Tagetes minuta populations in five habitats
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Habitat type  Allocation of root ~ Allocation of stem Allocation of leaf ~ Allocation of flower




biomass (%)

biomass (%)

biomass (%)

and fruit biomass (%)

13.04 +£2.29 a
9.79 +0.56 a
10.30+2.25a
11.72 +0.68 a
10.91 +0.69 a

34.06 £1.77 d
49.58 £3.20 a
43.26 +2.50 b
38.49 £0.55¢
4273 +0.80b

3478 £1.23 a
15.39+2.38¢c
17.97 +1.63 ¢
20.07 £2.53 ¢
2454 £4.72 b

18.12 +4.14¢c
2524 181D

28.47 x4.40 ab
29.72 £255a

21.82 +4.49c
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R 4 0 W, ANFEAEBH, EDinfLeE SRR vk R B n B E AR R E R, 1E
TSR R, BN SRR TE R R TV S (59.66%) .« FAEIEHENN
FLE R AP E CV FME 46.93%, Hid, fid 25  AER R A= AR IRN 41.69%.
45.25%. 48.71%-. 52.09%7F1 46.43%; PI “FIJ{EH N 61.44%, tR. 2. M. FEMEHREY &
VN 55.93%. 60.51%. 61.60%. 67.22%Fl 62.28%.
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Table 4 Module phenotypic plasticity of Tagetes minuta populations in five habitats

bk 5iH i £ i ek B
Habitat type Item Root Stem Leaf Flower and fruit Whole plant

| CV (%) 33.33 44.68 41.67 44.00 41.30
Pl (%) 53.61 61.19 58.38 65.28 56.96

“F-#4 Mean 43.47 52.94 50.03 54.64 49.13

I CV (%) 27.03 26.25 43.84 37.41 31.80
Pl (%) 48.51 46.56 65.83 56.55 52.71

“F-#4 Mean 31.77 36.41 54.84 46.98 42.26

11 CV (%) 3.01 10.47 19.33 25.00 14.53
Pl (%) 6.74 22.58 37.66 45.59 29.91

¥4 Mean 4.88 16.53 28.50 35.30 22.22

v CV (%) 47.15 49.13 53.51 45.73 48.61
Pl (%) 75.80 77.99 82.74 73.38 77.45

F-#4 Mean 61.48 63.56 68.13 59.56 63.03

\% CV (%) 97.92 95.74 85.19 108.33 95.91
Pl (%) 94.97 94.24 93.39 95.30 94.38

“F-#4 Mean 96.45 94.99 89.29 101.82 95.15
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33.75%- 27.91%F1 22.12%. R[E. BAAGEH T B E Z S, . REMED L E#EZ RS,
T B AN S 35 5 Sl F I AP fE B 2 i, HEoKE2/&/MEM 191 f5, ZREE

(P<0.05)
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I. Vegetable garden; I1. Orchard; I11. Roadside; 1V. Wasteland; V. Riverside. Different small letters meant
significant difference among treatments (P < 0.05).The same below.
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Fig. 1 Ratio of reproductive module biomass to nutritional module biomass of Tagetes minuta
populations in five habitats
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WK 2 Fros, BINSLaE SRR ol EEAE 5 Al AESE R 70 Af Jyie el > e > T > B 1> 2R
HAB M 15.49%. 13.60%. 11.88%. 11.85%7F1 11.01%. FRycHish, S5 HahA: 55
FEERFE RS (P<0.05) , Rid. B, FEHFmETc 3% %55 (P<0.05) .
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Fig. 2 Ratio of root module biomass to shoot module biomass ratio of Tagetes minuta populations
in five habitats
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Table 5 Correlation among module biomass of Tagetes minuta and soil element

i A SR T e IV T
. . . Flower and .
Item Root biomass Stem biomass Leaf biomass fruit biomas Total biomass

EIKE -0.597* -0.544* -0.564* -0.564* -0.564*



Water contents (%)

Organic c?rf})r?i(g kg'l) 0.182 0.287 0.139 0.176 0.219
—

R 0.150 0.246 0.107 0.143 0.182

Inorganic nitroge (g kg™

A Rk

Available phosphat -0.291 -0.236 -0.231 -0.211 -0.235
(gkgD

pH -0.658** -0.657** -0.634* -0.616* -0.641**

W <RI IRAE 0.05 #10.01 KT LEEM*<. FH.
Note: * and ** indicate significant correlation at 0.05 and 0.01 levels, respectively. The same below.
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5 AR ETINFLA AR . 22, W ARV ER DL RS S A E R B
IEMIER R (P<0.01) , X &A= 48 F s A& s 43 B AT I S s R I45 AT N B
FHIEAH R R (P<0.01) (K 6) S A PFAE Y & 35 5 S AR P 1] (1 AH S PR 55k, R 75 0.977~0.995
6] 25 RAEA A 2 BN K (0.995) , HES51E A E A /N (0.951) ,
A5 KT 0.950,
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Table 6 Correlation among module biomass of Tagetes minuta populations

= - = = Y& =1 =
¥4 Module REM & AR L Flower and E%i
Root biomass Stem biomass Leaf biomass Total biomass

fruit biomass

R 1 0.975%* 0.963%* 0.951%* 0.977%*
Root biomass

LY 1 0.974%* 0.976%* 0.995%*
Stem biomass

) R 1 0.982%* 0.989%*
Leaf biomass
HEREE

Flower and 1 0.991**
Fruit biomass

BAEYIE 1

Total biomass
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EhnfL& A St A E A AR SR AR 2 57, RIAEIRERE &2 H s
=, WRIZYM A ER R BB AR R n] 38 . EphnfLAe B &Mt A ) &
TERI IR SR/, X ATRe 5AEEN LA UL RN TIER R A K. Ak
K TEAIE I Y R A, A RIE ML, HIEFR A s, BOLAEMIE R K. RN
FERIRES, KRGS EAR D, AU S BAUN 8.35 g kg™ FRAM AN BRI T BTN
LB AR Ry dbah, St AR KB BRI, AN TR AR 2, EnfLeE
B KR 2 AR

AN R AR B3 BN FLAE B AP EAA AR AR 0 = 2 L 1R S [R), AR T G B A L () 4 o T S s A
AER RS A FOAE . FESEHh, A ORiE RIS T AL Rk s s, (R 2 RE
T et diE b, DRIE R A= AR DA e m 24K,
A ERRKA R T HIRE S RIAOGRE TR, 18w IR . MREDEN R
WHERES S ( Marciaetal., 2017) , X2 P e Ay s E B2 R (E/NE,
2017) o ENINALAE FAE S AR AE R A B T L 18.12%~29.72%, 3 T IR N3G B
FENAZ ARV M4 %] (Ageratum conyzoides)  (3.19%~6.20%) (JELIe&E, 2015) , XA F]T
HFhEERS 2 KB, KIS (Bidens frondosa) (JE1e2E, 2012) . #H 4§ (Mikania micrantha)
(g mliss 2014) 13 #1058 (Amaranthaceae) fE4) (I&IMFEE, 2017) Lt fELEARBLL
SyBCEAE . EOANFLAS PP S A A AR TR ISR A T AN R 23 B o 3 9 B Dh e i A, 14
& RN T 40 5 A SR, MmN R EA EEE .
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N AR R BT BV ) 22 R B, NR PR A AT B M B8 7, X AT e HAR 35
()58 (Hiatt & Flory, 2020) o HHT, A0 AT 94 &40 77 1 1) o) a3 (kA
B, 2017) , (HAZMEIH, BN R 2 M A BN F AR ERE E R, BHH
CV SFRAZH R EA B KRR AT B A JE (Taraxacum mongolicum) (KN4, 2017)
MNRAEETE L AT GEBMEE, 20100 , FREHENFLE E LR R AT 8, 1%
BA FPEEEEAL . IR ST B RIS R, SRR R A w] B AL ) B
AR, R CEHRI%E, 2009) , ATCL, BN I0FLAE FE 0 2R A0 mT 38 1 m] g e
JRIREZ3E BRI 520, (6 — e RE R L3N T R BES. Bhah, EnFLAE RS e
RIRB AT e, XA RTHEH, MY BRI T 4. Bk, &
TR IEPE R T e R RN R EER R —.
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BN LA B HE 5 8 IR M R AR ) L R A S > B > Sl > T > el , SR EAATE &4
BRI, 7588 C. N AT P 553850 & BARX BRI (iihh) ZHE 385 4 e bt
(29.72%) FNEFEIE FRIIMFLLAE (42.28%) ferm, RYIETHBEIERE iRk, XARERR
BEURBRE, ENFLE AN E R E R 2 RN MRIEHARE G, B0 BRI N5
a8 DM BT L

R 5k LU P BB BUAE Y AR Y AR S b 18] 3 FE R B RDIR B, %o 38 AR AR S = B DA
M AE K B A B Y (Hui & Jackson, 2006; Enquist & Niklas, 2002) . E[lin+L 48 5 A i
PerEseld ek, X nl e &K BCL R R BEE A 0% SRl S /KEAE N 6.22%, 4 TF
EhERE, BEREEERD, (80599 kg™, MM Rl L H 5K R EHE,
VU 56 0 (L 7 B S AR D M B AR S B, B DR L 23 (259, 2019; AR Ft
%, 2019) ; XA SSEHLEBERIEE, IR LR AR TR RAEKA K. ML
PRI LR R A (B XENAE, 2014) MW AL /S 3 T30 IE. ERnFLE w4 2/ i
IR RIFRAF TC RS AEAR R, SR R LAY Bk & AT 6, WA AU AT
TN, AR .

3.4  EPINFLEE A A S REHE

YA K SR FC ARG 2 AR B 5 75 oK 1 8, (H A TS AEAE B SR U (# fo SE RN 2= 2
7R, 2003) o ARSI EO 0L AR B A A S o E EU AR A 2 e, AL S A R AR ) )
PAK 5 R AEY R IAE R E R IEMKER (P<0.0D) , MIEAKI KT 0.951. NZHY
1% (Galinsoga parviflora)  (FFila4%, 2006) . /N%EHL (Conyza canadensis) (% Ftff
& 2009) M/NEILBKE (Gaura parviflora) (X248, 2012) 5 & kA& A R BLH
AEACARIAE DG4, (HAH OC R B35 /N T BRI FL AR B, 3 3% BH BN AL 48 W & A () HL B X35 (B R,
TESE MR T B8 B AH BARAF RO/ 2, FEAR P I AL A7 S A R 32 s O R & B 17, 3
s =M.

g BRTA, 5 FAERE R ENINFLAE RS MR I O ZESTE RS >R, H S
P f 1) e 5 s A B TR A AE AR 25 IEAH O (P<0.01) , R B 7 H BoA AR s ek Fn 44 1 i
A AF S s ENALAE FEAE S R A B Nl i m S VR, ERR AR AR R, FETEHbAR
B, XM AR ENINFL AR R o) NAR I 2 M, SN g b fh 42 S A B
BEm AR R A2 BUE (CV) AR EMESE s (PO SAIE T A B mE & Ma 8, By,
EnFL A8 UM 9 1 B S Jo PR 7T 0 Fe S A AR M TR B, AR R AR
e DA S s R B T SR MRS I T RS IE N, IX AT e R I AR I R R
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