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Abstract: Tagetes minuta, as a newly invasive species in Tibet of China, its damage is beginning to appear. However,
there are few studies on its invasion mechanism in China. In order to explore the biomass and its allocation characteristics
of population modules of T. minuta in heterogeneous habitats, and to further understand its survival strategies and
invasive habitats, we determined and analyzed the biomass characteristics and calculated the index values 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 riverside. 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 total coefficient of variation (CV) and phenotypic plasticity index (PI), 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 significantly positive correlation between biomass of different modules, between biomass of different modules and
total biomass, which showed its ensemble and consistent strategy of survival. The above results indicate that T. minuta
can adapt to heterogeneous habitats by adjusting the biomass of each module, and thus has a strong phenotypic
plasticity. High reproductive output and adaptability to heterogeneous environments may be the important reasons for its
successful invasion.
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fEEM, ZEHA P 105 C F A&7 20 min, 85 70
CHEEMEE, H 1710000 B F K FFHE, HHES
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Table 1 Habitat characteristics of the studied sites

A g
Physical and chemical properties of soil
I TN EHE )
7 Environmental Major associated EIKER EERINGT LR ToHLA R
Habitat . . . . .
condition plant Water Organic Organic Inorganic  Available H
content matter carbon nitrogen  phosphorus p
(%) (g-kg') (g-kg') (g-kg') (g-kg)
L 8 58 S 7o 2 LN R = B 6.22 14.40 8.35 0.59 0.23 8.6
PR LM R Brassica pekinensts ,
Silty loam, less recent manage-  Capsicum annuum
ment, big human influence,
adequate light
I VL aswEae, ATt 2k 4.33 52.22 30.29 1.54 0.15 7.3
b SRR Juglans regia
Silty loam, more defoliation, little
human influence, usual light
I Wokd, 205, AN TFH—  BEM 2.73 20.69 12.00 0.67 0.12 7.5
Jie, SRS Sophora moorcroftiana
Gravel soil, more weeds, usual
human influence, adequate light
v ERE, EE, AT Ot Atk B 2.61 12.38 7.18 0.58 0.13 7.4
e Artemisia gmelinii,
Gravel soil, house back, little  Sophora moorcroftiana
human influence, adequate light
Vo B O TIRAMES 2k PR EkeGE 3.36 1.74 1.01 0.21 0.08 8.7
W e A Clematis tenuifolia
Sandy soil, little human influence
ease flood by water, adequate light
T LoSEhd; LSRG L el IV, Sicht; V.. R
Note: I. Vegetable garden; II. Orchard; III. Roadside; IV. Wasteland; V. Riverside. The same below.
R2 ANERFEOMALEEMBEEGENEDNE
Table 2 Module biomasses of Tagetes minuta populations in five habitats
‘ o e et R R SR
Jas8: *EEIE% = $§£% = 1”5'5% H Flower and Whole plant
- Root biomass Stem biomass Leaf biomass o .
Habitat () () () fruit biomasses biomass
£ £ ¢ (%) ()
| 0.18 + 0.06¢ 0.47 + 0.21¢c 0.48 + 0.20c 0.25 + 0.11c 1.38 = 0.57¢
I 2.22 + 0.60bc 11.24 + 2.95b 3.49 = 1.53be 5.72 + 2.14bc 22.67 + 7.21bc
6.64 + 0.20a 27.90 + 2.92a 11.59 + 2.24a 18.36 + 4.59a 64.48 + 9.37a
v 3.33 + 1.57b 10.93 + 5.37b 5.70 = 3.05b 8.44 + 3.86b 28.41 + 13.81b
v 0.48 + 0.47¢ 1.88 + 1.80c 1.08 + 0.92¢ 0.96 + 1.04c 4.40 + 4.22¢

I FFAF/NG FBERR 22 55 3% (P<0.05) , T,

Note: Different small letters in the same column mean significant differences (P<0.05). The same below.

23IAEEENMIALEEMBEESEREEN  HES 5 H 42.28% ,39.80% ,33.75% .27.91% Fl
EMELt 22.12% , HEE D AT MO i 5 25 S Sk SR

T T AT AL, B L 28 BRPORE SAE A R (A6 [RURNAI T BB 25 S I I 0 RN 5 b 389 5 5 el R
0 H5EFME(RZE) AR EAEARR AR WIAEREES R KME R R/MER 1.91 15,
THREVMRK AT i SRR AR SER, 25 W (P<0.05),
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Table 3 Module biomass allocations of Tagetes minuta populations in five habitats
AWy 23T EEX7/E g A Yy AERAE Wy B e
A5 Allocation of Allocation of Allocation of Allocation of flower
Habitat root biomass stem biomass leaf biomass and fruit biomasses
(%) (%) (%) (%)
1 13.04 + 2.29a 34.06 = 1.77d 34.78 + 1.23a 18.12 + 4.14c¢
I} 9.79 £ 0.56a 49.58 + 3.20a 15.39 + 2.38¢ 25.24 + 1.81b
I 10.30 + 2.25a 43.26 + 2.50b 17.97 + 1.63¢ 28.47 + 4.40ab
v 11.72 + 0.68a 38.49 £ 0.55¢ 20.07 = 2.53¢ 29.72 + 2.55a
v 10.91 + 0.69a 42.73 + 0.80b 24.54 + 4.72b 21.82 + 4.49¢
x4 OMAEEMBMGELNERNRETENY
Table 4 Module phenotypic plasticity of Tagetes minuta populations in five habitats
A it H i E I Pi S 73
Habitat Item Root Stem Leaf Flower and fruit Whole plant
1 CV (%) 33.33 44.68 41.67 44.00 41.30
PI (%) 53.61 61.19 58.38 65.28 56.96
SEH{H Mean 43.47 52.94 50.03 54.64 49.13
I CV (%) 27.03 26.25 43.84 37.41 31.80
PI (%) 48.51 46.56 65.83 56.55 52.71
SEH{H Mean 37.77 36.41 54.84 46.98 42.26
It CV (%) 3.01 10.47 19.33 25.00 14.53
PI (%) 6.74 22.58 37.66 45.59 29.91
F-HI{E Mean 4.88 16.53 28.50 35.30 22.22
v CV (%) 47.15 49.13 53.51 45.73 48.61
PI (%) 75.80 77.99 82.74 73.38 77.45
SEHIE Mean 61.48 63.56 68.13 59.56 63.03
\Y CV (%) 97.92 95.74 85.19 108.33 95.91
PI (%) 94.97 94.24 93.39 95.30 94.38
SEH{H Mean 96.45 94.99 89.29 101.82 95.15

24 AREIEBEENMIALEEMENRBELL

WE 2 frR , EnFLE B R EEAR 5 L 7F O Rh AR
BE R 43 FLA S 3 Bl > et > 1 > 6 10 > SR el B
4351k 15.49% 13.60% .11.88% .11.85%F111.01%
BRI AR, S el 5 A A B A A A 35 22 5 (P<
0.05) , el i b AT METC 25 25 57 (P<0.05) ,
25 AEEE T EEAERMENMILEEEYSE
LA

XoF % A 35 BN L 28 A8 4 A 9 k5 6 R R
NEESKE C NP &8 & pH {E 317
Pearson AH I 43 M7 J5 & BRL, ED N L 48 &5 45 #4 1F 4
YA S KR A pH (EIF 2 B E AR (%R S5),

XRWETINfLAE RS EY = 5 T TR MY
SNBSS , & /KRS pH A A] RE 2 i 24 B fin £L 42
YRS EERE,
26 ENMMFALEEMBEMEEYMEZERXER

TR A BE rh B AL A B A AR 2R it JE SR Y
A= i ] DA K5 5 A g dak [B] # AF A I 2 9 TE AR G
KR (P<0.01) X & 78 A Wy i S s A it 0 8K
P o0 B TIC R G & B2, AT R B 35 IE A G e &R
(P<0.01) (% 6), SMWAY RS GAY RN
B AH S VEfe 58 | R 7E 0.977 ~0.995 [a] ; 22 5 244
i IE] A AH 56 R B K (0.995) s R 5 A6 A Wy i Y
AR /IN(0.951) B K T 0.950,
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Fig. 2 Root-shoot ratio of Tagetes minuta

populations in five habitats
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3. EmMAEEMBESAGENER S BFFIE
EIVIn-fL A BB R A5 K 2 A 0 DRAS [R] AR 35 i
FAEZESE  RIVERIZE G MR O I R ik
WA 2P b %) Ay e AR B2 R ARy R A R
AR BN FL A AR A A R A B R R
SEPel /N i Al e A B N IR AE 1 DB IR RL R A
PR N ERA 5, I J0 s R I AR B, DL IR

ZAGT 23 RO AR PR, R A A B MO
AW R, SR EE 2 B ARR A K B B
SRAEALE D A BL S RN 8.35 ¢ - kg, FRAY
A JEFRE T ETmAL A B Y BT 2R A, S N
AR SR OB 35 4 it , N T4 BRAL 7 BR R4 2 ) BN
FLAE B K MR 2 B AR B

AN TR) A= 35 BN AL B b R 1 AR W O TG Y
Sla] AT H A A ) 540 G SR R AR X AR
FEM IR TESeHh, A OHTR BRI 1 BN L 42
X7 e U R L e 3 T L IS S e IR
M b, DUPRIE 2 8% 0 W) BT A 7 E A AR 85
MRS 2 A K R R R A R T
FLARAG 2 [A] R0 B A5 B R, 48 i 52 4 0 AR g
J1. NMRHEYAE AR 1 H H 358 B5H T ( Marcia et
al., 2017) , 3 A 2 HPR 3 2 FE A0 HIAY B 22 I R
(IEVNELEE, 2017) o EINSLAE RETE& AR AR R A1)
AL 18.12% ~29.72% , . 3 15 T Al A4 R
B A AR VE A W) 21 i) ( Ageratum conyzoides ) ( 3.
19%~6.20% ) (JA 525, 2015) 34 K] T H AR
BRI, KA B ( Bidens frondosa ) ( Ji 15 4§,
2012) . % H 2§ ( Mikania micrantha ) ( 15 = W 45
2014) 1 3 F 5 B ( Amaranthaceae ) fH %) ( TS HF 5
2017) SFWAFTEAR LAY Zr FC R A . B L4 R
A M A Wy AR PR AR T AN [R] 0 T5E W 7 T
T Rl B 2 W HIL R T 4 S AR AR 3 0
NZPERAEEE L,
3.2 MMl EERE AT

N AR B ] & AU AT 98 1 1Y 22 S R U], AfR Tl
HEEA AT 8 AL 1Y 08 7, 3xX AT RE A L By 5
A (Hiatt & Flory, 2020) . H AT, AA7TxF AT 38 9 &
677 Y ) e s b SRR IR R R R B
2017) HAWFFE b, BN AL A B R 28U 4= )
WEAN RS 35 22 57, HH cv 5T h 35}
RO B A Bk R R R] ¥ BY S A 9L ( Taraxacum
mongolicum ) ( SKRINFESE | 2017 ) FIAARFE P B B 45

Se AT (7 BEAMEAE, 2010) , R B EpJnfL 48 F 2L 4
SR F AT e B PR ST R 5

FERE I FE v, AP R AR A W 1Y 2% AU ] 98 1 % 3l
o N ML 0 T A AS R 4 5 H AR CEAR IR
452009) , FTLL, ERJinHLAS B k) 2 A0 AT 3844 mT
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Table 5  Correlation among different module biomasses and soil properties of Tagetes minuta

AERAEY &

i H MR A=Y AR L7/ Ry Fl | B

Ttem Root biomass Stem biomass Leaf biomass ower anc Total biomass
fruit biomasses

ok -0.597 = -0.544 -0.564 = -0.564 * -0.564 =

Water content (% )

EERiIN TS 0.182 0.287 0.139 0.176 0.219

Organic carbon (g« kg™)

TeHLA 0.150 0.246 0.107 0.143 0.182

Inorganic nitrogen (g - kg™)

A R -0.291 -0.236 -0.231 -0.211 -0.235

Available phosphorus (g - kg")

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

.o Rl e 2065 7E 0.05 F10.01 K FREFME, TR,

Note: * and #* indicate significant correlation at 0.05 and 0.01 levels, respectively. The same below.

xo HMAEEMBEZHGEYWENEXY
Table 6 Correlation among different module biomasses

of Tagetes minuta populations

TR

A - Az i A
it T T ST R
Module Root Stem Leaf d fruit Total
biomass biomass biomass ¢ " hiomass
biomasses

WY 1 0.975 % 0.963 % 0.951 #+ 0.977 #x*
Root biomass
2EEYE 1 0.974 #x  0.976 %  0.995 =
Stem biomass
L REELY/BTs 1 0.982 #+  0.989
Leaf biomass
AR 1 0.991 s

Flower and
fruit biomasses

AR 1

Total biomass

5ok X S Jo A B3 ) 7 A RS A2 A A — E R
3T HAARABE S ML, BN AL B AL F
PSR B B R IR e e X S M T L B
NHYT AR Z R AR T 260 g, £ R
B Al R NI AR N RZ —
3IMMAEEMBEBESERMENEMEL,
R 7 bE R AE

BV infL A B 5 B IR M AR AR R LR B
i 3t > 30 > SR Bl > 1] > SR el e WA 4% AR BT R %
PO H AT 354 7 38 C N A P A5 3R 50 & A
XTEARIS (el ) , AR & H 20 Be 1L (29.72% ) F S
GH/E IR L AH (42.28% ) e (R, 2 I e 37 4 9%

B BE 7 fe 53X T BB R 32 BT IR PR B L 8 R
FEXTE IR E B R0 B A LLRIE L AE 16 IS B
KEB o B IR A BH A8 E AR B Y

R 56 b AT B R PR B ) A ) e A T S L
[ 3 T 1% B 08 BR300, %ok 184 m A Ak R 7 i DA B A R
K B #E L  (Enquist & Niklas, 2002 ; Hui &
Jackson, 2006) . E[in L 48 ¥ A AR 5 b 7E 3¢ bl %
KX ARES KR RUK HIEBEIEA K, F
bel & KRB R 6.22% 40 F T Rk A, HA R
GRE K 0.59g - kg MMM AR S TEHEE A
B 7K 3 R ZE T B8, D) e 350 1 17 2 2 A X ik 20>
M b A A A2 B A BT DURR e L 25 18 (22
T, 201948 T4, 2019) 53X 1L 5 32 % 9 Bk,
TR BT A A TR A KA X,
R 5 E A AT 38 P 7 A R A (B XU A, 2014)
Y FE P RAS ] T IRE, BN FL A Foa] LA B
A3 BE K A3 F1 SR 43 00 R A AR AE BEUR AR R A
Ay AT IE B R T RE T, AT A R kA
BIE N R AR 2 —
3.4 ENINFLEE &M iE X REFIE

FEA) A= 4 5 9 I 4 T 5 W 23 AR 11 B 7 SR i
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