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Stem Elongation Characteristics of Mikania micrantha and Its Physiological
Basis under Low Light Condition

LIANG Haolin', ZHENG Yaping', JIANG Zhaoyang®, YUE Maofeng?’, LI Weihua®"

(1. Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, School of Life Sciences, South China Normal University, Guangzhou

510631, China; 2. School of Biological and Food Engineering, Guangdong University of Petrochemical Technology, Maoming 525000, Guangdong, China)

Abstract: In order to understand the successful invasion mechanism of Mikania micrantha in forest community,
the stem elongation characteristics, photosynthetic characteristics and changes in growth regulators of M.
micrantha under shade were studied by simulating low light under forest (30% natural light). The results showed
that the contents of cytokinin, gibberellin and auxin increased significantly in stem under low light, and the net
photosynthetic rate (P,) of stem was still very high at (1.2240.13) umol/(m=%s). Therefore, M. micrantha
maintained a high photosynthetic efficiency to provide material basis for rapid elongation of stem and synthesized
more growth regulators to control the redistribution of substances and allocate more biomass to the stem, so as to
enable the stem to elongate rapidly under low light, which was one of the important factors for M. micrantha to
overcome the limitation of low light and then successfully invaded.

Key words: Mikania micrantha; Stem; Low light; Photosynthesis; Growth regulator

S RIEY) B S AR, REBRYRIIANGE  TRERSERE, seetEt TR, A EAE X
HI e RS . W NAZ A 38 o B AT B R B MR 1B, BB TR S (B, 250 T2
St &R T B A R AR SIED A, K#4r N (Alternanthera philoxeroides) 43k i BE L FERRAR K |
REDSFEER, BrNLEEYAL, BRI THE  EWKE IR, SAEMEAR. X HAEYERE

e B #3: 2021-02-05 ¥:5% H#: 2021-05-04

HETH: ERARPIERS T (32172430): | A4 18 B 5 s U85 101 2 A1412:4)(2019KZDZX2009) %t B

This work was supported by the National Natural Science Foundation of China (Grant No. 32172430), and the Special Project for Key Fields of Universities in
Guangdong (Rural Revitalization) (Grant No. 2019KZDZX2009).

TER I BEVERR(1996~), 53, FLAFIiAE, FEMNENRAEYZH T, E-mail: 1092873998@qg.com

* JE{ZE1E# Corresponding author. E-mail: myfue2000@163.com; whli@scun.edu.cn



ENE] B AR R 2 2RI KRR AL S HL A B 71

Wb F9ETFAEKIRSE, RESDRPL. bR R
JEEFRAR NIRRT (Alliaria petiolata) fi it 2 37
MEEREL—, REKE FOHEAEE TR, H
A DL I 7 AR K BR8N R
REFREE T, J 2 32 A Hb X 1) S (Lantana
camara)i L 1 K L A )RR T AR R BT R
3TN 556 AT I AR, RS ' 38 N
PR EILAE 1 b3 40 A R 55 A ) B A A R B
AR, R AR AR AL IR EIR BT S0 A
B (1043 T AR e SR I R R R R T A T B
BETTA RS 5wt & E Y,

74 H %6 (Mikania micrantha) 2 %5 £} (Compositae)
F RN — MY, s, mie
B 3R A p i XS ™ AR NAR R
—, WDNRZFAESE, H&Z NIOGEN 22
RWAEBRE, Tl H % SRR G .
T 2 0 AR T 1) i T 08 R 0 I B A H 5
DL, ERGETIE R — R REME R, A
Bz BHOGTGE AT G B RTAE T, Mok H %0 g
FrEest a2k T, B 35 R 188 KB H FEAR T
BT, 4B TGRS R, (EkcH %2 —
Fham B A, RGO BR R, ZEARE T AR
WA, BICE MR I ZY R AR
(), XN AR A BRI AR PR I R ]

H A 8k H % N2 16 & A B 7 2 AR
HrEM b, TN ZE B SRR . AT K
W, SEETUR G (E6) s, 72l = ()
TOH A E 2K, HEN P RE 5 0 & AR BRAREFI A
KA G B % Bk, AT LAAR XTI, B
TR H 5 AR ARG R EE [T A 1) 2% A T 1 22 KRR
TE JCEHRRIE KRR AR A, DU T @k
H % MR TR IEZEIC 2 M E 2 N R T FE AL 32
PEHIR AR o

1 PRI ¥

1.1 MR

UG EL A7 H %6 (Mikania micrantha) 34 i
A1 E 5 A (Vigna unguiculata) S A4E T o AR I
AT 55(22°24'37.52" N, 113°4828.63" E)f\I7H
S REAT IR BT, RV H 46 2 BOE AT K B4 4 (22
A 2 AT EE IR A S AR N R
HAERA R . UAMEIE &t =1: 11

JAEAREEA 21 cm. & 12 cm EERAE R, H
FRENEEEER 213, RIERE IR EEA—
o EBUERKAERE, KA — B AR (LR
1 BB, B3k KA S A ERE
WP EM, MRS MM, R EKH
2 FrEME, [HETE LM AR E R T
KEAE A B2 B T AT 55 77

TH AR A S 2 2 JE I N R R AR
K5, BT 2 FoGIRALEE: (B % 100%)FE
J6GE 6 30%) 1, 309668 FH R R Sl . AR
YA E 30 ZES, LR EAMEER, &
KJEAHAZ) 4 F .

1.2 AERREIE

A fEEE S d GETHIlE 1RV EZEK. 2
BN Fr &, AR BRSERE X PREEAT IR, R
T, IS L R 3ED, MRAEET, &
T 75 CHREHTHT, FREZE. i IRIAEDE, JIF
EZE . RAEVBELSEYE PRSI, B
FEYIEEAEBEI 10 e, I YMI-C i i AL
SEBCIE MR, A Aot ETRE,
E T AR = AR R R

1.3 [ #SH 5t i £

W22 B H 256 (1) 25 AR KRR AE b 20 d 5 I8
P, Fk, fEAEEES 20 KA LI-6800 18 % 50
& 1E FH 23 BT A (LI-COR, Inc, USA) & #4
ARIZERASAR T S8 B EE 3 A7 pg
A 3 2T E , YGRS A % (3 cm <3 cm)
FRIC I LED 2035 Y638, Y6 #215 & 4 800 umol/(m? s),
CO, BE R W FE 5 B 4 400 umol/mol. I FlZE 3
£ 800 umol/(m? s) IR T 78735 %, Rt itk
B SRR . B ORI E N 0 umol/(m s),
43 A T R 2 B PR 252 (Rd]) o

D7 15 B R 2R - FE o P58 i 97 T 2R 8, 2
1600 umol/(m? s) Yo 325, FhfasE Ja F kT &
WEGERARE Ay 1800, 1500, 1200, 900. 600-.
300 F1 0 umol/(m? s), R4 B ) A5 7] 150 s
VR AR5 1) LED £0305(9 © )65t . &
R 2 HCE ) CO, BEZRIREESA 400 wmol/mol,
7E b4 8:30—12:00 ATl &, ELME 2d. X8
H 3 A7 SRR S H, BFRL AR
(Pr)~ SALFFE(Gs). Hal] CO, WK FE(C)RIZE G 2
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(T, S 2155 P A LA XU 2R R AT 40 A5,

1.4 AEHEAS Rubisco S &AW E

FRENZ) 0.1 g 2575, BN 0.4 mL ¥ 1) Tirs 2%
TH(0.1% NaCl. 5% PVP 5 2t v ke B Al 296 H
M, pH 8.5) 78 /- BE, FEI 0.6 mL Tirs 2 i vk,
FEATIRA) G, VKIBERE 10 min, T4 “CF 16 241 g
B0 10 min, iEEERE EHTH 1.5 mL 508 (0K
W), MINEARR®B. THEEEASEXH
Bradford {7 &3 AT, AR AR EGK 250 ul
FiBe 10 1% )5, In\ 250 uL Bradford TAEVRIES], LA
FRAZK 2 N R, AN BB THT K 595 nm
T SRS IR AR, AR AR T AT A
E{Sip

Rubisco & [ 47 & %] SDS-PAGE Hiyk itk
TIE . |ARIOE S SR 2xE 1 i B
MR[10 mmol/L Tris, 2% (W/V) SDS, 24% (V/IV)H
1, 2% (V/V) p-37i & 2B F1 0.02% (W/ V)R 1, pH
7.6)RE, WKWK Smin 5, T4 CLRAA®H. B
10 pb B AFRBOR S B i EAE SRR A R,
SDS-PAGE HLiK 73 #rf8 F 4%k 4 IR A 12.5% 753 25
JiE, R4 A 80V, ISFIE] A 30 min, 43S LA

o AR A EE IR Rubisco 8 A K/
(5 TE5 58 55 F1 15 kD), {#iH Total Lab Quant %X
f4-(Total Lab, Newcastle upon Tyne, UK)43#T Rubisco
KA K FE AR

1.5 AKEFIHE BRI E

B 0.1g#H225, i 0.4 mL Fii/A 1 PBS 2%
13%2(0.04 mol/L Na,HPO,, 0.01 mol/L KH,PO,, pH=
7.4, FN 0.6 mL PBS ZEnfiiliE b, £
BAJE, T4 CF 1537%g &0 10 min, B iER
I RER(CTK) FRER(GA) MK Z (Auxin)k

# 1 P Sl A B A A KRR AR

Table 1 Changes in growth indexes of Mikania micrantha and Vigna unguiculata

F ELISA B G 72 1287 & GR YT RHE B R
AF)IE . FEFE M EEE PR AL, K
PUMANFFIIRE S FRES S BRI S A (HRP)
A R IAR, SR E MRS, IMANRY
3,3,5,5'-PU F 3 ik 2K 1% (3,3',5,5'-tetramethylbenzidine,
TMB) %t ) B 15 min, e NN 28 1 ¢ 1k
S . TMB FEE S A IBE (R AL T B A0 Bl (1, IF
TERRIE I N A S 2 B 6, B IR IR AN
it PR AR TR R A B R IEAE DG . AR A (En-
Spire, PerkinElmer, USA)7E 450 nm 3 & il w2 ok
J%(OD fH), ALK&,

1.6 ¥iEabs

SKH SPSS 19.0 TR R T 204, AL
HADEH, WE 2 MK (100%iE AT 30%iE
RK), WEAR R AN AR IR (K AR
A B AR SE) A SHRE KT RS =5,
2 KT AIS F  K (P <0.05)HEAT 22 5 W 35 1t 43 4T o
%H SigmaPlot 12.5 1 Origin 8.0 #HT4: &, $3E 1y
PLSFS5E HhrifE 2R OR

2 SRR

2.1 ZRMPKEEYESTHZRL

S GRAHLE, ARG N cH 5 A KA bR A AL
HMAZMPAEEEARGR D), H AR EZERAE
RO T RTA00, BENM T 14.35% (P<0.05); 1
HE AR T A0k, B R T 49.37% (P<
0.001). 7k H 44 1) o A AR i BUrE AR R KT
456, 3B E KT 61.22%F1 69.98% (P <0.001);
T B SR B RS T, R BT
4, WL T 32.96% (P<0.05). 78 H %5 Fl3 1
AR LG TARE A 44 R E B N (P <0.001). H]
W, WA T3 H 2 22 0K

FakF i H 3 M. micrantha i 1 = V. unguiculata

Index 425 Full light it Low light P 425 Full light it Low light P
FZK Stem length (cm) 219.68 +12.29 251.20420.94 * 413.20 420.40 209.20+15.01 o
43H% Number of branch 62.40+7.12 24.2042.16 ol 3.600.54 4.4030.54 *
% Number of leaf 551.00 +44.01 165.40 +14.46 ok 72.2048.67 48.4047.98 *
LT Specific leaf area (cm) 305.29 +20.00 645.22 457.54 ok 128.4840.88 323.1844.86 *x

n=>5; * P<0.05; **: P<0.001
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R e A B A4 Al H 2 b B35 o AR & b 4 e Ak
PRI T 41.7%, (HZERARZE; ML B
T ANEZRDT 85.8%, it KLt ™ E
Hih FEaAEK. #Boh, Saett, O FEH
A A G AR T AR EE T, BHlA
A (T B 94.3%) L7 H 45 (F B 63.9%) 5 9™
(K 2)o FHZEAOE T B0 4w T B,
Tt B B R IE MRS

R0 T R H S ARG T A ARAEY)

2 pRHA A A MY R

BT, W22 . ROEESBET T
P HT . SRR, St oL TEH %
ARV R EE TR, ZNLEEZER P>
0.05). Mot FAkH 26 Z AW 5 b A= i
Eb e T 14.2%H1 8.8%, =AW 5 LIS N
(1 5 P AR i o B ) 161 F5 (3R 3). AT, AR
R H SR B A TR WD, T
Z A RSB BNBIZER T, HArE R 2L M4
YETE K.

Table 2 Changes in biomass allocation of Mikania micrantha and Vigna unguiculata

1 H %6 M. micrantha

A 5. V. unguiculata

A5 Biomass 43¢ Fulllight &% Low light F P 56 Full light  fi65% Low light F P

Hb 384> Aboveground (A, g) 4.79+1.86 2.79+0.84 4.34 6.25+0.57 0.88+0.15 2.30 *
R4 Belowground (B, g) 1.26+0.18 0.45+0.21 0.12 ** 1.34+0.09 0.08+0.01 7.44 *
J5F0 Total (C, g) 6.06+2.05 3.25+1.02 3.33 * 7.5940.66 0.96+0.17 2.70 el
7 L Root shoot ratio 0.28+0.07 0.15+0.04 6.38 * 0.21+0.01 0.08+0.01 0.34 el
AIC % 77.93+4.56 86.57 £3.04 2.49 ** 82.37+0.51 92.05+0.69 1.84 *
B/C/% 22.07+4.56 13.43+3.04 2.49 ** 17.63+0.51 7.95+0.69 1.84 *
n=5; * P<0.05; **: P<0.001
3 PFHAR. 2. HAYES RN
Table 3 Changes in biomass allocation of Mikania micrantha

A=Y Biomass 4% Fulllight %% Lowlight P A Y)E/3AC Biomass allocation 4% Full light ikt Low light P
I Leaf (A, g) 2.78+1.03 1.60+0.50 * A/D /% 45.30+2.89 49.31+1.02 *
2 Stem (B, g) 2.02+0.86 1.19+0.32 B/D /% 32.63+3.15 37.26+2.38 *
2 Root (C, g) 1.26+0.19 0.460.21 w* C/D /% 22.07+1.74 13.43+1.17 **
A1 Total (D, g) 6.060.30 3.2540.12 o

n=5; * P<0.05; **: P<0.001

2.2 AR

BREHERP,)  AFE20 d, AERME Rk
HAZE Py I HALFE R[4 A 580.6 umol/(m? s)]
BE BT 5AtML, s R %M P, B
N, EARRRER AT, L4 63.2%
(B 1: A) o 406 i A 2 Py EL AR BR R (275 1)
BE LT, ML NEEE TR 54tk K
J6R M A S A ZEM Py HIEAE S, NRET 246.4%. At
20 d 5, 6 FECH %R B S AR 1 Py 4y
Bl 4e N R FRF T 35.33%#1 26.09% (& 1: B,
P<0.05). AU, #H 22501 Py AR I Ei
T EAEUR .

KN gk AP 20d JE, G FECH A2
) Py G M T 3T 4008, Gl T406(E 2).

ARG R T HOH 56 22 1) Py AT Cy Xl B 1l %
(photosynthetic photon flux density, PPFD) il 3 77
HEESR, P Ci¥5 PPFD 2HhZk % &. 24 PPFD
/N300 pmol/(mP s)isf, P, 2 ETHES, C R TR
g, 24 PPFD 7E 300~1 800 pmol/(m? s)isf, P, Al
Ci BT 22, % K Py /T4 2: A),
Ci &3 & T46(8 2: B). ARDGHE FicH 52260
Gs Il T, X PPFD [ N A7 7E B35 22 5%, K6 G
T BECT40%. 24 PPFD /T 200 pmol/(m? s)
I, GF# PPFD 302 FJH#%s: 24 PPFD Jy 200~
1800 pmol/(m?® s)itt, Gy AFfkia T 2% (/& 2: C); 4
PPFD >y 0~1 800 pmol/(m? s)if, T, i PPFD 14 1i%
-7+ 2: D).

WHEEE A S Rubisco & FHXTF 4,
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Mikania micrantha Vigha unguiculata Mikania micrantha Vigna unguiculata

Fi4 Species

49 Species

B 1 s A A AR A E RPN n=5; A 2%, B i T EAR PR R E 7 B3 (P<0.05),

Fig. 1 Changes in net photosynthetic rate (P,) of Mikania micrantha and Vigna unguiculata. n=5; A: Stem; B: Leaf. Different letters upon column indicate

significant differences at 0.05 level.
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Fig. 2 Light response curve of Mikania micrantha stem. n=5; PPFD: Photosynthetic photon flux density; P,: Net photosynthetic rate; Gs: Stomatal conductance;

Ci: Intercellular CO; concentration; T;: Transpiration rate.

O HCH & s EE S E B T 7.11%
(P>0.05), ZEMMX EFHT 1.05% (& 3). 2 Fosg
RN ZE () AT T R S B B 3 % 5 (P>0.05).
T b T 3 B I 2 77 AR R M AR R SR P IS B 1)
P, XU B AR 4 T LAE SR G A%

AR 20 d, A A T ko H 2 22 F1 1) Rubisco
AR EAAEZR R A6 N 550 i) Rubisco 25 H

SRR, OUT D ot N H A2
Rubisco &% & AT INOKEERIR), (HAW]E(E 4).

2.3 THFZEMEK AN SETL

ANFEDEEE FECH 2229 CTK. GAL Auxin
BAEREESS. EYHGE 20 d, #BHEZHM
CTK & fE B [ 1K 238t s HAH [F A
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1 42 Full light
. {5 Low light

AT A Soluble protein content (mg/g FW)

25 Stem I} Leaf

241 Tissue
Bl 3 fH s =k E A . n=5,
Fig. 3 Changes in soluble protein content in stem and leaf of Mikania

micrantha. n=5.

], {6 CTK &R & T4, £ 10. 15,
20 d 4331340 15.8%. 15%F1 61.5% (K 5: A). Kt
PR ZET ) GA S RAAAH 15d FRFE K T4

o, AL B 15 120 d 73 714 1 6.0%F1 20.1% (1] 5: B).
HERHALFE 15~20 d, 229 H Auxin &= Ei6 N, 76
20 d W E S T4, Whns) 33.3% (& 5: C).
W, AROGALEE 20 d #H 46251 CTK. GA. Auxin
SEHREST 2.
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KB R INEENC MR JZ T, Bl H % B Ak i) e 34
AR R EZR . AW T HH AR
T 2= e s, BB T SCRF = e K
P 490 J5 2 it MR 90 T8 T 55 0 B A ) IC )
S N EER M AOCEER, EEAEMLTH
R K Bl H 2 e AR AR ' PR T AR 18 T B9
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z 30t
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Fig. 4 Changes in Rubsico content in stem and leaf of Mikania micrantha. n=5; *: P<0.05.
0.7 o T/ 4 Full light 018
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% 05 @ %ﬂ * dokk
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<L % 012
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03 . H <
0.2 0.10
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10 15 20 10 15 20 10 15 20
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5 A KA 7S B2 . n=6;* P<0.05; **: P<0.01; ***: P<0.001; CTK: 425K, GA: #EE; Auxin: £K &K,

Fig. 5 Changes in growth regulator content in Mikania micrantha stem. n=6; *: P<0.05; **: P<0.01; ***: P<0.001; CTK: Cytokini; GA: Gibberellin.
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3.1 R E 2RI RE

EMEYAEKREEES, EYERTOER R &
oo WO S 3 1) B If 1 B S Ak Sk N AR A A 3 B BA
B g —Fp s MO, in g K — % #7% (Solidago
canadensis) fEA G T 5 B 2 bRis /D, B RS 38 i 4100 i)
v A KRB RE /g, M DO s AR AR R,
AN Gy T R NAR 5 [ I G o o A ) R P R 2R
I RRA VAR B8 450328 1) i o B0 1) AR 2R A R A 4 0 ik
AR BRI )2 AR, AT i L R R 5
G I3E R B, SR AR SRA BEAR T 1 53 1
HeFR I SEBAAR « = 54T 5 (Bidens pilosa) Fl AR
HUEL (Bidens frondosa) EAR I T, a8 hnoxt i 45
NG R PN E N ST N CE DO R
V5 R AR 8 72 T MR (Rhus typhina)Fil
FE77(Phyllostachys edulis)fEREFRHI T, HATEZ
PR TR R R ARG b, AT S AR AR 7 %o
AR R Z I AR,

AW, PR AL T 2B A
Tk (54eRith) , HZEM AR 85 Fo s N B2
WK, FERKEEEMN. 5—J7m, K6 N
ot B BORE DD, L AR N, e R
RE 1058, NACH 46 1 2RI e A K AR A T PR
6 T EZM PR, AR THH % m EZE e,
SREOEIR, G R HEAS & X A 0% 64 F A F|
SO o IO T E2EHNE, X R SR BEUR SR
IR 23 ) — 0

3.2 {6 2K BIRK Y R 2R

Jf ] COL ¥k B3 I WA A FH 52 A< FLIR
B AT SRR 2 — ), HRTIT R, R
(Liriodendron chinense)%)i i £ 74 #HIEBA AL #E, X CO,
) TR AR A, T 51 S 4R P ) COL K
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