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The regulation of gibberellins on the vegetative growth and clonal
propagation of the invasive plant Eichhornia crassipes

XU Jing®, LI Jing, TAO Guirong
School of Biological and Environmental Engineering, Xi'an University, Xi'an, Shaanxi 710065, China

Abstract: [ Aim] The effects of gibberellins ( GAs) on the vegetative growth and clonal propagation of the invasive plant Eichhornia
crassipes were studied to better understand these mechanisms for its control and utilization. [ Method] E. crassipes plantlets were cul-
tivated under greenhouse conditions using modified Hoagland solution for 4 weeks and were periodically sprayed with 50 pwmol « L'
gibberellic acid (GA;) , followed by measurement of vegetative growth and clonal propagation parameters, including height, root
length, perimeters of bulbous petioles, leaf numbers, width and length of leaves, chlorophyll and nitrogen contents in leaves,
weight, root weight, ramet numbers, as well as the stolon length. [ Result] Compared with control, of which plants were sprayed
with sterilized water, the GA; treatment increased plant height, whilst some other parameters including root length, leaf width, leaf
area, chlorophyll and nitrogen contents, weight, root weight were all significantly decreased. In addition, GA,-treated plants presen-
ted heart-shaped leaves instead of typical kidney shape. The leaf numbers and leaf length showed little difference between treatments.
Moreover, GA,-treated E. crassipes barely produced ramets. [ Conclusion] Exogenously applied GA, modified the morphology of E.
crassipes and depressed its leaf development, and thereby suppressed its biomass accumulation and clonal propagation.
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et al. ,2018; Zhang et al. ,2010) , 1 F RUIR 4 K
ZOH M HRFAR D, CAEAR 22 1 )5 3 ™ 2 Y A= 245
AR, ERUR 3% 3 H-# Al 15 ek A n] AR
REIORHEOL A, PRI, 5 SR 7 By 42 05 B A
JURFE (T #9855, 19955 #ih & 55,2018 Aboul-
Enein et al. ,2011; Sharma et al. ,2016; Yan et al.,
2017) o BUAR KR EM A 8~ 12 R &4, &
A e, BB R R ik, AR
TR s O T AR R R R DU R T K T
(Penfound & Farle,1948) , RUARETE A& H AT 3 nl
IRV ANAEAR R B RN IR ZE 25 2% A 2 4
FCR, R RO B 5 B 25 s AR 1 B
RS G S 78 NS R Ik ol e A =TI R
14,2004 ), JRUIREE Y S50 3 J A7 PR S5, (5
PRXUHR B 9 M A/ 7E A SRS T i AR AR
%, 3 AT P BFHBCRAR T, PRk JRUIR 32 3 24K
S A v B AR 1 7 SR AT J0 M B (9K AR
2012) , Watson (1984 ) ¥ H H1 XUAR 3% M3 K M i 25
IR T M RERR, SORE R 5 RE R DL E) 2R AR %
FZEW T AN I iAW, B A ok BRIV AT 5 B AR i
A ST R R IR 3 A A
TR R A A 33T s v 0 38 o 2 1 )
VR, BECORRUIR S EL A A 28 8 2 WL ol o
P AT HAE K & & A v B BEA IR AT 5, U
SEFFE N H AL D (Villamagna & Murphy,
2010), HATEHAN LA RBAEKER 2,4-D X RUR
A —E WREE , TR R RUIR S A B R0 1
— T A= PR A A R 2R | £ TR TR A L 53 2 25 A XU
FEMZE N Y HAE 5 e R AR ) A= KA A DG ) Bk
TR PRI LADPRISEHE 2,4-D X KUK S 1 754
FH (44345 2012 ; Pieterse & Roorda,1982) , #REFE
TR A U IR BT Gibberella fujikuroi 43U A —
TR 2k 2 i WK FE Oryza sativa LZERER Y
SR, FEOKFG . BEEAPIR LI, R R TE
TR SR v 3 A AE , DT TR ) B R LR T R A
EEHEEEH (5 FH R 7R ,2018) . Pieterse et
al. (1976) % PRAKA EE (0.1444 ~2.8871 wmol - L")
R 25 B 2R 2 1 0 RUHIR 32 g 250K 2K, A B S 4
K, ek pk i A Kz 2 i, AHRL, Watson et
al. (1982) 7EJ" FUHL AN T AN 7] # B2 (0.2887 ~
2.8871 wmol + L") R 25 2% 119 [ 44 35 73 B 15 % RUIR
FELJ Ve I O A 2R 2 3k I RUHIR S A 80 40 EAR

TR  HAR IR 45 2R Wos ARV B I R 8 &
AR HE XUR 7 A B 2 () iR, X S5 SR
i 20 RURR 34 1) A K R T R I A — RE A
FEAE T, {H 3 SEAIF 58U ZE A5 T 1) 2 A8 FR OF A 42
T, 11 LA 1) 05 8 3 v B 4 AR, %k T I 2 1 o
PEMRZS IS A — B, % TAE YU R A A VR AR
P[] — B 2 7 e e 2 IR R 32 I Xoh A ) 1 1 4
YEFFEAAHIE (De vleesschauwer et al. ,2014) FFLL,
IXHEZE SN R E 4 2 B R Z VIR G R A
KA va e EHE R IR FEAE T . PRI A BIF9 38 2 X XL
AR 3 4Nl FH 58 o VA JBE 1) R B 25, IR L 25 4
b, AR B AR AR RS i i K 58 R
AR SPAD fE DA M ZE A SUR E AR 8 AR
Je LU, v PR B S A, LA B A R R R AR A
JRUHR 322 355 7 A A R o e B 1) i) B 4 AT L3
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JXUHIR SR PR B VPG SR AR VLG R, B RUHR 5
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BERRZ BB K B 5~6 IR/ T ik I Bk
IS VRIS AR
1.2 REHE
1.2.1 RRZEHER HRIREREE T 40 cmx
32 emx 12 em A9 ¥ARLZE o, ok ROERS 22B R W
[ KNO,. NH,H,PO,  NH,Cl, MgSO, . Ca(NO,), . Fe-
SO,. EDTA, CuSO,. ZnSO,. H,BO,. MnCl, #I
(NH,) {Mo, 0, #4352 1,0.25.0.1,0.5,1,0.025,
0.025. 0. 0003, 0. 00033, 0. 0115 0. 0035 #I 0. 0001
mmol - L' JHTHFE, 45 4 ¥R, 45205 5 L EFRIK,
T Al 4 — UCE TR
122 #Etam A AR E b IR E R
(gibberellic acid, GA;), HIKF-FRIL 0.6925 g GA,
AR AL O BER I N5 /K E 45 2 20 mlL
BCHl AL 100 mmol + L™ BRI, FH 0.22 wmad €45 K
5 BT -20 CARAFE , (TR e 2 (9 B JE I
IKFERERL 50 wmol « L7 TAEWL, B4 H 40 mL FRe )5
)P 1) 5T W AT PR 1) 25 2 08, DA G 1 7K
Skt B g Rl I — YR L AR
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Fig.1 Morphology of E. crassipes under different treatments
A FI B 20 B RS K I 50 pmol + L' GA, AYRUIRFEALRE
LUK TR A h R 2R A SRR
A and B: Morphology of E. crassipes treated with
sterilized water or 50 wmol + L' GA;, respectively.

The red arrows indicate ramets connected by stolons.

22 FREEWRREMHHFAZEHRM

WE 2 Fros IEE GO T, RURE /- 7 2 5
B, Bt MRS 1 50 wmol - L™ GA, ZbFRJ5
I 0B BRI R B ACR AR | (B i A
78 B A TR RRAR N LB TR S A R R
I SPAD (BRI 5 10 5 45 51 (% 2) 1, 50

pmol « L™'GA, AbFRJ5 it fr SPAD fH R A & &Y
AT R IR 2 X se 2 SR U I IR B ] TR
IREM R RS,

F1 FERINIRRERSHEELIERNE I
Table 1 Effects of gibberellins on the morphological
parameters of E. crassipes

R Height/cm 1 Root length/cm

9.4083+0.1528 8.3833+0.6176
21.6250+1.4725 " 7.0333+0.7518 "

WRZERK S

Perimeter of bulbous Leafl numbers / -

AbH Treatment
X B& Control
HRFGEMR GA,

KAbFH Treatment

petiole/cm
X & Control 6.5056+0.3644
IR GA, 1.8111+0.1072 "
* FRTE 0.05 K F-EFBE,

* represent significant differences at 0.05 level.

10.0833+0.2887
9.5833+0.2887

A B

2 AELLETREREM S
Fig.2 Leaf morphology of E. crassipes
under different treatments
A B 23 BT T ICE KN 50 pmol -+ L7 GA, AYRUIRIEM -,
A and B: Leaves from E. crassipes treated with

sterilized water or 50 wmol - L' GA,.

x2 FESEXRRENFEKHZM
Table 2 Effects of gibberellins on the leaf growth of E. crassipes
nf H 95 nf
Leaf width/cm Leaf length/cm
6.1556+0.1324 3.6361+0.1655

KbFH Treatment

X7 B8 Control

TREER GA, 4.2361+0.3223 " 3.7111+0.2346
S A L
SPAD {H | AR
KbFH Treatment . Nitrogen contents/
SPAD value 4
(mg-g™)

Xt H& Control 57.2306+0.1262
IR GA, 47.6569+2.0074 *

* FARAE 0.05 K255 2

* represent significant differences at 0.05 level.
23 FREEXNRREEMERRHRN

MFE 3 AT, 50 pmol » L7'GA, AbFEF RUIR 3%
AR 2 R 2E 1 2 2R bl 2K T X A (AR 5 LE TG
B0 22 5, U I 2R g A 1 RUHR 32 4= 4 1 1) 22
L (E X A 2 A BURIAR &R 2 (8] 9 43 BE TG A
BAEH,
24 FREZEWNRREREEENIM

HER 4 ATHL, X RRZEAESE 3 A IR 46 1 B se B
BE T R pR s RERRECH 0.5 A, 2158 4 8 JEAR Ak

17.6667+0.1146
14.3250+0.3336 "
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HA 1A FORERR , v RER S RERAH % ) H) R 2511
K EH 5.36 cm; 1 50 pmol - L7'GA, AT T (1) JRUHR
TEFEFEE 4 DA IR B A sERERR , Ul B AR
B FON JRUIR S S Rk 7 A A S 2 AR

*3 FERMNRREEMERRNZMN
Table 3 Effects of gibberellins on the biomass
accumulation of E. crassipes
ik % LB B R W
Shoot weight/g ~ Root weight/g  Root-shoot ratio
X R Control 7.1325+0.1899  0.5138+0.0718  0.0722+0.0110
TREEIR GA, 4.3223+0.7296*  0.2706+0.0668 *  0.0622+0.0084
*HRAE 0.05 KT 2 S HH

* represent significant differences at 0.05 level.

R4 FERMHRREFETERNZMN
Table 4 Effects of gibberellins on the ramet
production of E. crassipes

Treatment

TR Ramet number/ >

i WR2W BRI Hie 4 )
Treatment Culture for Culture for Culture for
2 weeks 3 weeks 4 weeks
XJH& Control 0 0.50+0.00 * 0.83+0.14"
INEEIR GA, 0 0 0
MEZEKBE Stolon length/cm
b 2 B3 A Bi¥ 4 A
Treatment Culture for Culture for Culture for
2 weeks 3 weeks 4 weeks
X B Control / / 5.36+0.38 "
JRHER GA, / / 0

*FIRAE 0.05 K2R ./ FRARME

* represent significant differences at 0.05 level. / represent not de-

termined.
3 Wi

PRI AR B 2R 1 B 1 = SR ] o R R AR
31 A ) 25 S AR DT (5 R 1 R T A
B 2 o R AL A — R R /N R AL (T F5 AR A
{#r] %5 ,2018) . Pieterse et al. (1976) A1 Watson et
al. (1982) MBIFFEEIZRIA , I 5 A 3% et JRUIR
HEMHAR BB AR I R 22 R BRI
RN R EG R BT [RAE AR A, AR
WRZEHE R, X —Z5RULH, BIe R ERIRE S
X, #RBE s XUAR S A 20 L H A 3, e il
UK g 1 v O R AVRAAE . BR T XK e A A AL, S
B RN R B WA B EEAE ] (HAE A
MRS, H G, AR R AT UMY EAS,
Fe Lycopersicon esculentum Mill. M | & 5 55 2= b 3R
Je M2 B ROIRZE G, T SAML Piper nigrum L.it
J B T S AR FLRE ( Gray, 1957) , ASHFSR

FHY, P TR G e v R A 2 2R ol IRUMR 32 i 7 T AR A
B BB A I, U B 2R 2R A X JRUHR S -y )
A EE LN, K, s R IS RERZ I i A A
Fo AT AL AR 5. Glycine max (Linn.) Merr. F15i
5. Pisum sativum L. 55 AHYI M 7 0K EE AR & N IR
FRALFAR R KA S BT R A R T
AN FLTE B A A R AR 78 {H I R A i T AR
AZAE K (Brain, 1959; Gray,1957; Wheeler & Hum-
phries, 1964 ) X [a] Ay 5 I A ) 1Y RUHR 3110 55,
TR AR S B AR AR (H A B R A
b, BT LU AR T AR /Nl AR B B A O
A SRR 2RI 4 3 ek i 4
JE T & B B f# K (Brain, 1959; Gonzale et al.
2012; Nelissen et al. ,2012) 1B 2 XUR 3 0 B354
TR IR GRS N T A A R 2L X W o
B2 ] LU 7 IXUMR 3 25 A T AN S i A 1
K, WA, GRS P amaRm, RERT
Wels 5 H B4 T DELLA 92838 (AR R 1 5 L
Py A= R INTREE (Peng et al.,1997) , T 7Nt FH 2%
RN Y M R4 B 7% (Kuraishi & Hashimoto,
1957) . [RIRERY, A58 3R WY, it ) ol 6 25 RURR 322
R B B SPAD (H AN & & B, HAT, T
IRTERF Tl 2828 A W) B U TR FEE AL O
AHBAHf , DELLA #1315 SCL (scarecrow-like ) £ F1 A9
SEERER T SCL X4l J5 - K MR i A AL Ide I it i
TELH PORC 3B HYMEIVE AT, AR E 1 -4 R
MG, PRI, ZhE R 2 328 4 i DELLA fY 22 AR
ST X R G A (Ma et al. ,2014)
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AR IR RUHR 32 B AR AR e L 5 B TS 22 0] (H 22 |
2 2 ff o RS £ o AT 0 BRI R g R KR
R A= i 1) R BRI HIAE T, ixX AT RS LA R LA
J DAL Y s — 2 AR g R A 1 RUIR Ry &k
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MK TG A RCR I B LA 15 A W) 52 AP Ul
M2, R AR R AN TR s AR 1 7 A, T
EN ISR NN =g DR AN Y I v S
IH A 2 2R Ak 3L A A R 1Y) I T ) R R R 1
a1 R TR EE R AL T Y RURR S AR R IR I K
253 MAEAR AN BB IE T K T2 R 4 25 iDL
AR IR PRI 2R TR o
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ABEFEAE R F W, o5 % KA P 2 A 1 RUIR
SEM TERERR 4 IX 5 Pieterse et al. (1976) 5T
ZER—F( (HF] Watson et al. (1982) HIZ51E NI LA
JZ . Watson et al. (1982) WF5T #2852 X XUR
HE G RERR ™ A IR R TR BE AR , Tk P A 1.4435
pmol + L™ IS JRUIR 24 5 Bk A= Y D2 AR FH i
16 HARI0 19 Joe S Mk B 2.8871 umol + L7 IR 34
TRV 18 Pieterse et al. (1976) MG IR EE R
WP [A)RE A Ao (0.2887 ~2.8871 wmol - L") | i
KBRS T A i B YK R AR R
W FH RS NEBSPEH EE 50 wmol + L' ( De vleesschauwer
et al.,2016) , 2R3 4k 2 NI B W E Y 17.3
o 0L AR S S A 2 A BESE R I AR R
TR 1 28 S AN K] RE 2 3 A [R5 Fh 2R g 3000 e
R A R R 9 A P AN — 350 D BT, T 9 it R T
REE AR 3207 R I T R AR, 78 Piet-
erse et al. (1976) FIASMFFY H | RUAR % 11 15 7R # 2 A5
LB SRS AT R T 58 R 0 SRR PR A
FEWEESR , TR EE R AL B A5 XU SR 2R R
FERRTCHE E W 7 T KT B & B IR 2F — B AR B 57
Wb WA TR S B TE I TR R MU T
FERR T Watson et al. (1982) ¥ XUHR &L E T 1
L AU b PR R NAEAER B2 ek
T, 534, R B Al
A6, Pieterse et al. (1976) FIAFSY K 7R 8 2R W
TEM 23210, 1] Watson et al. (1982) 244k R
IR FRAE b 28 AR ZR e, it FH O =X A [8) ) g
T JRUR SR LA AR AN ], T 52 ) e 28 AR DA
{EASTER Y, Watson (1984) 84 4 H RUIR % A4~ 1
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